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LETTER TO THE SECRETARY. 

W .ASHINGTON, July 1, 187 4. 
SIR: In accordance with your instructions, I have the honor to present 

for your approval the Seventh Annual Report of Progress of the United 
States Geological Survey of the Territories for the fiscal year commencing 
July 1, 1873, and ending June 30, 1874. In my letter to the Secretary 
of the Interior, dated January 27, 1873, (Ex. Doc. No. 166,) inviting his 
attention to some views in behalf of an apprGpriation for continuing 
the survey of the Territories, and his recommendation of the same, the 
plan of operations for the ensuing season was marked out irr general 
terms as follows : 

For the last two years the survey has operated about the sources of tile Missouri and 
Yellowstone Rivers; but the expenses of transportation, subsistence, and labor are so 
great that it seems desirable to delay the further prosecution of the work in the 
Northwest until railroad-communication shall be established. The Indians, also, are 
in. a state of hostility over the greater portion of the country which remains to be 
explored. It seems desirable, therefore, to transfer the field of labor, for the coming 
season, to the eastern portion of the Rocky Mountain range, in Colorado and New 
Mexico. I propose to commence with the southern limit of the belt of the survey of 
the fortieth parallel, so successfully completed under the direction of Mr. Clarence 
King. The northern limit of the area marked out is latitm1e 40° 30'; the western limit, 
the east bank of the Green and Colorado Rivers; the eastern limit, the one hundred 
and third meridian west of Greenwich, extending the belt southward to the south line 
of the United States. 

There is probably no portion of our continent, at the present time, which promises 
to yield more useful results, both of a practical and scientific character. This region 
seems to be unoccupied, at this time, as far as I am aware, by any other survey under 
the Government, and the prospect of its rapid development within the next five years, 
by some of the most important railroads in the \Vest, renders it very desirable that its 
resources be made known to the world at as early a date as possible. 

In accordance with the recommendation of the Secretary of the ·In
terior, an appropriation of $75,000 was made for the systematic survey 
of Colorado, and, at as early a date as the season would permit, the 
party reached Denver. This place formed our starting-point for the 
various portions of the territory which had previously been marked out 
for the seaeon's work. . Early in the winter, the area to be surveyed in 
Colorado was divided into three districts, and a preliminary map was 
constructed, based on the land-surveys of those portions concerning 
which there was any definite knowledge. We found that none of the 
existing maps were of any great service in the more elevated portions · 
of Colorado. The area to be surveyed comprised the eastern portion of 
the mountainous part of Colorado, and it was separated into three dis· 
tricts : North, :M.iddle, and South districts. 

1 G S • 
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As soon as suitable preparations could be made at Denver, three well
equipped parties were assigned to these areas. Each party consisted of 
a topographer, an assistant topographer, a geologist, two packsrs, 
and a cook. There were usually two or three others attached to each 
party as genel'al assistants or collectors in natural history. 

There were also three other parties, with very important duties to per
form: First, a party under Mr. James T. Gardner, to carry the primary 
triangulation over the entire area to be explored, thus connecting and 
harmonizing the work of the first three parties; secondly, the photo
graphic party, under Mr. Jackson, which also passes over the entire 
field, gathering such information and procuring such views as will be 
useful to all the other parties and to the public generally; to this party 
are also attached one or two naturalists or collectors'; thirdly, the 
quartermaster's party, which furnishes supplies to all .the others. It is 
very important that the working parties in the respective fields shall 
lose no time from their proper duties, and, with this systematic arrange
ment, they may work through an entire season without the loss of even 
a day. During the present season (1874) there will probably be a party, 
consisting of a topographer and the necessa~y assistants, under the im• 
mediate direction of the chief geologist, which will make special studies 
of some of the more complicated areas alrea.dy examined during the 
last year. This will render the final work more complete. 

It will be seen, therefore, that the organization is complete and com
pact, and prepare4_ for the systematic work for which it is intended. It 
may be enlarged at any time to meet the needs of the Government. 
The addition of one or more parties at any time does not affect the 
integrity of the organization. Each one of the parties is complete in 
itself, and may be sent to any portion of the public domain as the needs 
of the Department may require. 

The divisions operating in the districts assigned during the season of 
1873 were denominated for convenience the First or Middle Park divis
ion, Second or South Park division, and the Third or San Luis division. 
The Middle Park division was directed by A. R. Marvine, assistant 
geologist, with G. R. Bechler, topographer, and S. B. · Ladd, assistant 

· topographer. E. T. Luce and S. H. Nealy were attached to this division 
for a portion of the season as general assistants. 

The following interesting abstract bas been prepared by Mr. Marvine 
of the work of his division, which will apply, for the most part, to the 
others. 

The area surveyed by the Middle Park division of the United States 
Geological and Geographical Survey of the Territories during the season 
of 1873 comprised an area of about fifty-six hundred square miles, approx

. imately in the form of a rectangular belt, its eastern end resting on the 
plains near Denver Oity and stretching westward across the main chain 
of the Rocky Mountains, including the Middle Park. 

The methods of survey were precisely the same as in the other divis-
T 
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ions of the party; the · main portion of the work bemg done fron;J. topo
graphical stations situated upQn the most commanding points within the 
region, together making a system of secondary triangles within the pd
mary system. From t.hese com~anding points, of which seventy, averag
ing about eight miles apart, were occupied during the season, both drain
age-sketches expressed in contours, and perspective profile-sketches, 
were made by the topographers, and angles, both horizontal and vertical, 
taken to all the intersections of streams, their principal crooks and 
bends, all points, spurs, saddles, and sudden changes of slopes; which, 
with similar angles taken from adjacent stations upon the same points, 
served to fix their positions and elevations; and with the thousands of 
points thus fixed during the season with an exceedingly close approxi
mation to absolute truth, the map is filled in from sketches made by 
the topographer. 

The geologist, meanwhile, has made his own detailed and special 
studies and sections along the route traveled, or on special trips for this 
purpose ; and this detail he generalizes from the higher stations made 
by the topographer, obtaining extensive views from them, from which 
he can trace his formations across the country; and with the locations 
and directions furnished by the topographer more accurately and readily 
than he can obtain them himself, he can secure data by which he can 
readily color a general geological map upon his nit.urn. Indeed, next 
to entering the field with a finished topographical map of the region to 
be examined, a thing as yet impossible in our West, the union of topog
raphy and geology in one and the same party best furnishes the data 
for a realization of the full value of the otherwise more or less discon
nected observations of the geologist; and equal benefits accrue to the 
topographer,. for mannerism and inexpressive effects are inevitable 
results when a topographer sees but the surface of a country and under
stands not its anatomy. Association of topographer and geologist thus 
leads to benefits to each, and is certainly a great advantage to the sys
tem of field-working, now followed by the survey. 

The first chapter of his report deals with the main drainage-systems 
and principal topographical features of the whole district, which mate
rial is greatly supplemented by the report Mr. Ladd bas prepared upon 
the means of communication, elevations, distribution of timber, grass
lands, and population. 

The Sedimentary rocks underlying the great . plains are all thrown up 
along the mountain-base, with their edges exposed. The formations 
thus exposed form the subject of Chapter II, where they are treated in 
order from the lowest, the Triassic, resting directly on the Arcbrean 
rocks, through the Jurassic, Cretaceous, and Lignitic (Upper Cretaceous 
or Eocene,) with a few facts about the more recent gravels and lavas. 

The detail-characters of the lower beds are exhibited (Plate I) in detail
sections made at six points along the front of the mountains, while their 
structural features-the more simple fold of the south, the more com-
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plex eGhelon-folds of the north, and the changes between-are shown 
(Plate II) by cross-sections at seventeen points along the mountain-front. 
A map to show the distribution of the Lignitic coal-openings, with rail
roads, &c., is also given, and attention paid to what is at present known 
concerning the usefulness of these coals. . 

The mountains are composed of a great series of metamorphic schists, 
gneisses, and granites of pre-Silurian ·age, (with minor masses of erupt
ive rocks,) all thrown into a complex system of folds, which are very 
difficult to trace on account of the absence of permanent features in any 
one horizon; metamorphism so frequently obscuring what distinctive 
features certain strata may possess for a little distance. A single, 
indeed many, season's work, would be insufficient to unravel the problems 
in structure, but more especially in metamorphism, here presented. 
E ven such material as is here presented cannot be made fully available 
until carefully plotted on the final map. In the mean while, how
ever, Mr. Marvine has prepared a provisional geological map of the 
eastern slope of the front range, where these rocks were best studied, 
which shows their general structure, accompanying it with a brief chap
ter on the more. general phenomena bere observed. 

The Sedimentary rocks of the Middle Park form the subject of Chap
ter IV, their distribution being shown on the accompanying map, and 
their structure by the five cross-sections on Plate III, together with 
minor sections and figures. The relations between the geology and the 
topography is particularly referred to. The more interesting geological 
features here obser,ved are : that the Cretaceous rocks seem ·to be the 
oldest Sedimentaries, resting directly on the Arehman, a decided uncon
formability of deposition between the Cretaeeous and Lignitie formations, 
proving that a small east and west anticlinal fold, which. occurs along 
the Lower Grand River in the Park, was formed at the close of the Cre
taceous, and before the more extended Rocky Mountain 'Uplift ; the 
inclination of probably post-Tertiary lake-beds, pointing to a compara
tively recent slight continuation of this uplift; and interesting glacial 
phenomena. 

The energy . and devotion to the work displayed by Mr. Marvine 
merit the highest commendation, and the results so admirably brought 
out in his report, as shown by the above short. resume, are but the prom
ise of the future. The map of the first district, prepared by 1\'Ir. Bech
ler, with the assistance of Mr. Ladd, will be engraved the present sum
m-er, and will more than sustain the high reputation which be gained 
by his labor in the Snake River district during the season of 1872. 

During the- field-season of 1873, Henry Gannett was topographer in 
charge of the Middle or South Park division. This party consisted, during 
the greater part of' the season; of eight men, Dr. A. C. Peale, division 
geologist; W. Rush Taggart, assistant division geologist; Henry W. 
Stuckle, assistant topographer; J. H. Batty, naturalist; two packers; 
and a cook. 
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The area assigned to this party is limited on the north by the paraL 
lei of latitude of 39° 15'; on the south by the parallel of 380 30' ;. on the 
east by the eighth guide-meridian of the land-survey, and on the west by 
the· one hundred and seventh meridian. 

The par~y left Denver on May 29, and commenced field~ work on June 1, 
and ended October 21. The secondary triangulation and the topograph
ical work of the district were completed, with the exception of a part 
of the country i:n the immediate neighborhood of the North Fork of tbg 
South Platte, · and a small area on Ten-Mile Creek, which will be 
completed early this season. 

In the prosecution of the topographical work, ninety-six stations of 
.sufficient importance to be numbered were made, besides a large num
ber, twenty-five or thirty, of minor importance, for obtaining local 
details, &c.; nine peaks exceeding 14,000 feet in elevation, and a very 
large number of peaks exceeding 13~000 feet, were measured as accur-_ 
ately as possible by barometer or theodolite. All the important passes 
in the mountain-ranges within this district were examined. 

During the winter and spring, in the office, Mr. Gannett has made a 
map on a scale of two miles to one inch, in 200-foot contours of the 
area worked, and has also reduced the hypsometric work of the season. 

· He has prepared for the press a new edition of the ''Lists of Elevations 
West of the Mississippi River," (which will contain about 75 octavo-pages,) 
and has prepared a short geographical report,. and a short memoir on 
the results of the trigonometric leveling carried on during the past 
season. 

Doctor Peale, the geologist of the South Park division, was assisted by 
Mr. W. R. Taggart, and their plan of work was as follows: One per
formed the detailed work at or near camp, such as making measured 
sections, collecting fossiis, &c., while the other accompanied the topo
grapher to the station selected for the day's observations, which was 
general1y the highest point in the immediate region. At the latter 
place, the boundaries of the geological formations were defined in colors 
on a drainage-sketch; this was, of course, based on previous detailed 
work. In this manner, the geologist was able to make much more per
fect results than he could otherwise have done. The amount of labor 
thus performed by this party was very great, and reflects great ·honor 
on tbe survey. 

The labors of 1\tir. J. T. Gardner during the season of 1873 have shown 
the importance of careful instrumental observation in raising the stand
ard of the topographical work of the survey. His methods will be 
explained more fully by himself in a subsequent portion of this report. 

The primary triangulation during the season of 1873 covers about 
17,000 square miles. Over two-third-s of th_is area the triangles are 
completed, and the third angles of the ~ernaining triangles will ·be ob
served this season. 

Sixteen stations were visited and the angles at them repeatedly 
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observed. Thirty-two more points were located from the primary sta
tions by cuts. 

Forty-seven closed triangles were used in the adjustment of the sys
tem. Their mean error of closure, after reduction for spherical excess, 
is 10".3. 

Two of the principal stations were accurately located in latitude and 
longitude by the United States Ooast Survey. 

Azimuths were observed at five of the stations. 
The system of triangles rests upon a base about six miles long near 

Denver. This was twice measured with a· steel tape under twenty 
pounds strain and the temperature taken every five minutes. A check- • 
base will be measured this year. A secondary triangulation, resting 
upon this primary, was carried by the topographers over the same area. 
The primary triangles range from thirty to sixty miles in the length 
of their sides, while the secondary average eight miles. 

Mr. A. D. Wilson, a topographer of large experience, directed the San 
Luis division. His method of work was, on arriving at his field of labor, 
to select a peak from which, in his judgment, he could see the surround
iug country to the best advantage, and from this also to choose other 
points in advance. These points or stations were carefully located by a 
system of secondary triangles, connecting directly with the primary
triangulation points, several of which were visited. From each station 
were taken angles, both vertical and horizontal, to all peaks, passes,_ 
ends of spurs, streams, junctions of roads, and all recogniza}?le features 
of the country. The drainage-sketches and instrumental observations 
were made by Mr. Wilson, while the assistant topographer, Mr. Chit
tenden, was employed in making profile-sketches and observing the 
barometer. Barometric observations were made at all station$, camps, 
passes, valleys, and places of note. The district thus surveyed em
braced an area between longitude 104o 30' and 1070 and latitude 370 50' 
and 38° 45', of about eight thousand four hundred square miles. Within 
this district ninety-nine regular stations were made by Mr. Wilson, be
sides ten or .twelve by the assistant, which give an average distance 
from station to station of seven or eight miles. 

According to instructions received, Doctor Endlich, geologist for the 
San Luis division, visited, on May 17, 1873, the mining-regions of Gilpin, 
Bowlder, and Clear Creek Counties in Colorado, remaining there until 
July 1. During that time all the important mines in operation were 
personally inspected, with a view of determining their geological and 
mineralogical relations among themselves as well a's with reference to 
the geognostic formations surrounding them. On July 3, the San Luis 
division, to which be was attached as geologist, took the field, and 
remained in active field-service until October 5. Eight thousand four 
hundred square miles were surveyed topographically and geologically, 
and particular attention paid to the agricultural and mineralogical 
resources of the-country traversed. 
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Geological work and topographical observations were carried on in 
harmony with each other, so that the geologist was able to prepare a 
map showing, with a considerable degree of accuracy, the horizontal 
distribution of formations throughout the district assigned. 

The topographical stations were almost invariab~y accepted by the 
geologist as suitable for his examination, and a co-operation was thus 
secured. that must render better results than can be obtained by any 
other method which may claim to cover an equally large area. 

During the winter of 1873-'7 4, the report upon the sections examined 
was worked up from the notes taken in the field. A large map, showing 
the distribution of formations, was prepared, and a report submitted. This 
report is divided into four chapters and an appendix; the first chapter 
treating of the mining-regions explored; the three next of the geology 
of the San Luis district, which was divided into three sections in order 
to facilitate descriptions and the comprehension of localities. In the 
appendix are contained '' Mineralogical notes," describing two new spe
cies of mineral, and the occurrence of native tellurium-being the 
second locality in the world where it occnrs___;.and a "Catalogue of 
minerals found in Coloradp Territory," enumerating over one hundred 
and :fifty species, by far more in number and locality than had ever be· 
fore been reported from that Territory. 

Experience in the :field has shown most dearly the necessity of com
bining topographical observations with geological research. Of all maps 
that are of importance and great use to the geologist, contour-maps 
must be preferred. He may note by his observations, and express by 
means of vertical sections, the arrangement of strata t~roughout a cer
tain mountain, ridge, or range, and the contour given on the map will 
then greatly facilitate his work by enabling him to define more correctly 
than in any other way the limits of the successiv'e strata. 

From the stations selected, the geologist can indicate the points 
important for his . work; the topographer can ]ocate these points and 
reproduce them on the maps which are plotted during th~ winter follow
ing the field-work, thus giving to the former data that must be in
valuable to any one who appreciates precise work, even when done on 
so large a scale. 

Mr. W. H. Jackson performed his duties in the :field with his usual 
success. His triumphs in t4e mountain regions of Colorado are already 
well known all over thecountry. The panoramic views of the mountain
peaks have been of great value to the topographer as well as the geolo
gist, and have proved of much interest to the public generally. 

Mr. W. H. Holmes also made numerous panoramic sketches from 
the high peaks used as primary stations. The value of the present 
report is greatly increased by the beautiful and accurate sketches and 
sections from the results of his skill in the field and in the office. His 
knowledge of structural geology is such that be merits the position of . 
assistant geologist. 
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. Mr. James Ste\enson acted as quartermaster and executive officer of 
the survey, and performed the labors incident to his department with 
judgment and fidelity. 

Mr. Robert Adams, jr., of Philadelphia, acted as assistant quarter
master, with entire satisfaction. 

By the kind permission of General Sherman and General Ord, Lieut. 
W. L. Carpenter, U. S. A., accompanied the survey as naturalist, and 
the result of his zeal in the work is well shown in subsequent portions 
of this report. 

Prof. W. D. Whitney, of Yale College, rendered most valuable assist
ance to Mr. Gardner in his geographical · work, for the months of J .uly 
and August, without compensation from the Government. 
' Mr. Leo Lesquereux is permanently attached to the survey as paleon

tologist. He has just completed a memoir on the fossil flora of the 
Dakota group, with thirty plates, and is now preparing a second me
moir on the flora of the Lignitic group, which will contain over sixty 
plates. · This work will be ready for publication in about six months. 

Mr. F. B. Meek, the eminent paleontologist, is also a member of the 
'survey, and bas nearly completed his most valuable, but long delayed, 
memoir on ~he invertebrate fossils of the West, which will go to press 
the present summer. It will contain forty-five beautifully-engraved 
plates, all of which are now finished. . · 

Prof. C. Thomas will remain in charge of the· office, superintending 
the printing of the reports while the main party is in the field. 

The survey is under obligations for most valuable papers from Dr. A. 
S. Packard, S. I. Smith, A. E. Verrill, H. A. Hagen, and Baron R. Os-
tensacken. . 

I have only words of commendation for all the members of the surYey 
for their devotion to the work. 

To the officers of the various railroads in the V{est, to the citizens of 
Colorado, and, to the press all over the country, the survey is under 
many obligations. · 

HISTORY OF THE SURVEY. 

A brief history of the survey may not be out of place in this connec
tion and at the present stage of its progress. In the spring of 1867, 
when the Territory of Nebraska was admitted into the Union as a State, 
•Congress passed a bill setting apart the unexpended balancA of the ap
-propriation for the legislative expenses of the Territory for the purpose 
Qf procuring a geological survey of the State. The amount proved to 
be about $5,000, and the summer of 1867 was occupied in making an 
-examination of the eastern portion of the State. .A preliminary report 
-was published in the annual report of the Commissioner of the Land-Office 
for that year. Some four years after, a final report, in octavo, was printed 
by Congress. 
· In the spring of 1868, $5,000 more was appropriated, and the survey 
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. was extended into the Territory of Wyoming, along the line of the 
Union Pacific Railroad. A second annual report was made as 'there
sult of this brief preliminary examination. But it was not until tile 
spring of1869 that the survey received its present form. At the close 
of the session a clause was added to the sundry civil bill, in the follow
ing words, "For the continuation of the geological survey of the Terri
tories of the United States, by Prof. F. V. Hayden, ten thousand dollars, 
to be expended under the direction of the SecrAtary of the Interior." 
By direction of the Secretary of the Interior a geological reconnaissance 
was extended along the eastern portion of the Rocky Mountain range, 
from Cheyenne to Santa Fe, N. 1\'Iex., and in the winter of 1869-'70 an 
annual report was published containing the preliminary results. ~n 1870 
the appr9priation was increased to $25,000, and the season was occupied 
in exploring portions of 'Vyoming Territory. In 1871 $40,000 was ap
propriater for the continuation of the survey, and by direction of the 
Secretar~ of the Interior the work transferred to the interesting region 
aqou~ th! head-waters of the Yellowstone and Missouri Rivers. To this 
expediti9n one topographer was attached. . 

In 1872 the work was continued in that region, with an increased ap
propriatipn of $75,000, with two large parties and a full corps of 
topographers and geologists. The result was a still mor~ detailed ex
plora~ionl of previously little-known portions of M~ntan~ and Idaho, 
espeCially about the sources of the Yellowstone, 1\'hssoun, and Snake 
Rivers. lA preliminary account of the results of the survey was given 
in the anrual report for 1872. 

During the season of 1873 the geographical, as well as the geological, 
corps waf more complete and better prepared for its duties than at any 
previous jperiod. The Territory of Colorado was assigned to it as the 
field of its labors; and the report of progress, which contains many of 
the impo~tant results, is now ready for publication. · 

THE PUJ3LIC.A.TIONS OF THE SURVEY. 

The plan of publication of the results of the survey has been matured 
graduall}, and it is believed that it meets the requirements of the scien
tific men! of the country, as we. 11 as the . people at large. The publica
tions are divided into three principal classes. 

The first class consists of the annual reports, or reports' of progress. 
I 

These willl be issued every year, and will give early information of the 
progress lof each season's labors. They will contain much new and im
portant matter. 

The s9cond class comprises a series of "miscellaneous publications" 
ondiffer~nt subjects connected with the West, which are important contri
butions, but are to some extent compilations, and usually issued in smaller 
editions.! They consist of elevations, meteorological observations, ac
counts of the botany, ornithology, entomology, catalogues, &c.; all based 
on the labors of the survey. 
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The third class will embrace the more technical and matured results, 
and will be issued in quarto form, and are designed more especially for 
libraries and nien of science. These volumes will be elaborately illus
trated. 

To meet the wishes of some of the collaborators of the survey, who 
desired the early publication of important results, a bulletin was pub
lished during the past winter and two numbers issued. This will be 
continued from time to time as circumstances may require. 

The following is a list of the publications of the survey up to the 
present time: 

1. First, Second, and Third Annual Reports of Progress for 
1867-'68-'69, 261 pages, 8vo. 

2. Fourth Annual Report of Progress for 1870, (Wyoming, &c.,) 
511 pages, 8vo., with twenty-two wood-cut illustrations. 

3. Fifth A.nnual Report of Progress for 1871, (1\-Iontana, &c.,) 538 
pages, 8vo., with sixty-four wood-cuts, two plates and five maps. 

4. Sixth Annual Report of Progress for 1872, (Idaho, &c.,) 844 
pages, 8vo., with sixty-eight wood-cuts~ twelve plates and five maps. 

5. Seventh Annual Report of Progress for 1873, in process of publi
cation. 

6. Final Report of the Geological Survey of Nebraska during the 
year 1867, 264 pages, 8vo., with a colored geological map and eleven 
plates of Carboniferous fossils. 

7. Supplement to the l!,ifth Annual Report on the Fossil Flora of 
the West, by Leo Lesquereux, 22 pages, 8vo. 

8. Synopsis of New Vertebrata from the Tertiary of Colorado, obtained 
during the summer of 1873, by Prof. E. D. Cope, 19 pages, 8vo. 

Miscellaneous publ·ications. 

9. No. 1.-Lists of elevations in that portion of the United States 
west of the :Mississippi. Collated and arranged by Henry Gannett, 
assistant, pp. 47, 8vo. Second edition. A third edition . of this impor
tant paper will be issued shortly, very much enlarged and improved. 

10. No. 2.-:Meteorological Observations during the year 1872; Utah, 
Idaho, and :Montana; prepared for publication by H;enry Gannett, assist
ant, 120 pages, 8vo. 

11. No. 3.-Hand-book of the Ornithology of the Territories of the 
Northwest, by Dr. Elliott Coues, U. B. A., (in press.) 

12. No. 4.-Synopsis of the Flora of Colorado, by Prof. T. C. Porter 
and John :M. Coulter, 180 pages, 8vo. 

13. No. 5.-0atalogne of Photographic Negatives belonging to the 
survey, by William H. Jackson, 83 pages, 8vo. 

14. No. 6.-l\feteorological Observations, taken by the survey during 
1873, 70 pages, 8vo. 
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Bulletins. 

15. Bulletin No. I.-Pliocene Vertebrate Paleontology of Northern 
Colorado, Cope, 28 pagt-s, Svo. . 

16. Bulletin No. 2.-Vertebrate Paleontology, Cope; Cretaceous Flora, 
Lesquereux, Acrididre, Thomas; Geography, Elevations, &c., Gardner; 
~7 pages, Svo. 

Quarto publications. 

17. Vol. I. Contributions to the Extinct Vertebrata of the Western 
Formations, by Prof~ Joseph Leidy, 358 pages, with thirty-seven plates. 

18. Vol. II. The Vertebrata of the Cretaceous Formations of the 
West, by Prof. E. D. Cope. 

19. Vol. III. The Vertebrata of the Eocene Formations of the West, 
by Prof. E. D. Cope; 40 plates. 

20. Vol. IY. The Vertebrata of the Miocene and Pliocene Forma
tions of the West, by Prof. E. D. Cope ; 40 plates. 

21. Vol. V. Synopsis of the Acrididre of North America, by Prof. 
Cyrus Thomas ; ~58 pages, 4to, one plate. 

22. Vol. VI. Contributions to the Fossil Flora of the Cretaceous and 0 

Tertiary Formations of the West, by Prof. J. S. Newberry; 60 plates. 
23. Vol. VII. The Fossil Flora of the Cretaceous Formations of the 

Western Territories, by Prof. Leo Lesquereux; 30 plates. 
24. Vol. VIII. The Fossil Flora of the Tertiary Formations of the 

Western Territories, by Prof. Leo Lesquereux; 60 plates. 
-25. The Fossil Invertebrata of the, Western Territories, by F. B. 

Meek; 45 plates. 
26. Sections, profiles, and other illustrations of the Geology of the 

Western Territories explored by the survey, with descriptive text by 
F. V. Hayden~ in three parts. Part 1 contains about 75 plates of sec
tions, &c. Part 2, 52 plates of scenery, prepared by the Albertype pro
cess from the photographs of the survey~ Part 3, 37 plates of the Hot 
Springs, Geysers, &c., of Montana. A small edition of the profiles, sec
tions, &c., one hundred copies have been issued without the text. 

Maps. 
1871. 1. Yellowstone Lake. 

2. Lower Geyser Bposin of Firehole River. 
3. Upper Geyser Basin of Firehole River. 
4. Yellowstone National Park. 

0 

Notes by A. Schon born. 
5. Parts of Idaho, Montana, and Wyoming Territories. (Prelim

inary map for field use.) 
1872. 6. Lower Geyser Basin of Firehole River. (Scale, six inches to 

the mile.) 
7. Upper Geyser Basin of Firehole River. (Scale as above.) 

0 

8. Henry's Lake, Idaho. 
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9. Shoshone Geyser Basin, and Lake. 
10. Parts of Idaho and Wyoming about the heads of the Snake 

River. (Sca.Ie, five miles to one inch.) 
· (Prepared by G. R. Bechler.) 

11. Parts of Montana and W~7oming about the heads of the Yel
lowstone, Gallatin, and Madison Rivers. (Scale, four miles 
to one inch.) Drawn by Henry Gannett from field-notes by 
A. Burck. 

12. Part of Colorado, based on the United States land-survey. 
1873. Compiled f-or field use. 

No. 11, containing the complete list of the Ornithology of the North
west, is passing rapidly throug)l the press. Nos. 14, 18, 19, 20, 22, 23, 
24, 25, and 26 are either ready for the press or in an advanced state of 
preparation, and will be issued within a year. 

The map of a portion of Montana and Wyoming Territories, embrac
i:p.g inost of the country about the sources of the Madison, Gallatin, and 
Yellowstone Rivers, in contour lines of 100 feet, and on a scale of four 
miles to one inch, can hardly be said to be published yet, only a few 
copies having been issued. The data for this map were collected in the 
field by Mr. Adolph Burck, assi~ted by Mr. Henry Gannett.. In the 
office it was completed by Mr. Gannett. The following explanation in 
regard to the method and purpose of the map will c~rtainly be suffi
cient for all fair-minded men. 

The topographical work was carried on mainly from a meandered 
line, (meandered with compass and odometer.) Points along the line 
were located by angles, using the meandered line as a base-line. Much 

. topography, also, was done from mountain-peaks, with gradienter aud 
compass. In addition to this, short bases were measured in several 
localities with steel-tape, and connected with the topographical work, 
to serve as checks, and the whole was checked at the camps by sextant 
observations for latitude and time, the longitude being determined ·by 
chro:nometer, the rate of which was repeatedly checked. 

The location of the contours was controlled by barometric observa
tions, vertical angles with the gradienter, and slope angles with the 
clinometer. "\\:bile not pretending to be a-q. accurate c~ntour map, 
which it would be useless to attempt to make in a hasty reconnaissance, 
it does assume to express, with considerable accuracy, the form of the 
country, in its 'ertical as well as in its horizontal features. 

The system of plotting maps with elevation curves is of the greatest 
importance for practical geological studies or' any .locality or country 
that has been surveyed in that way. It is evident that wherever sedi
mentary formations occur the curve system greatly facilitates the work 
of the geologist. Geological maps, if carefully made, will always rep
resent more or less scalloped curved lines, denoting the boundaries of 
the different geological formations, and it ~ therefore apparent that 
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whenever the stratigraphical conditions have been observed, and are 
known, a map showing the elevation curves will enable the geologist to 
recognize, with great accuracy and certainty, details of geological distri
bution that otherwise would require considerable time and labor to 
work out. 

In working out sections the curves are of importance, giving the 
geologist a means by which to give a correct diagram of the line of 
country through which he has made his section, and furthermore fur
nishes him valuable data facilitating the meas\lrement of strata. 

The map of the sources of Snake R-iver and its tributaries, on a scale 
of five miles to one inch, is a most valuable contribution to the g~ogra
phy of a portion of our western country, previously almost entirely 
unknown. 'l'he great amount of faithful, conscientious labor bestowed 
~pon it by Mr. Bechler, both in the field and in the office, is so evi
dent that I need not speak of it in detail. An edition of the drainage 
portion, with the brush-work omitted, will be published during the sum
mer, showing the geological formations with colors, by Professor Brad
ley. During the summer of 1872 Mr. Bechler resurveyed the Upper 
and Lower Geyser Basins of the Firehole River; and the two charts~ on 
a scale of six inches to one mile, have just been very beautifully en
graved on stone by Mr. Bien. 

lt is believed that all unkind criticisms of the labors of other scien
tific men are out of place in an official re ort, and in no instance will 
they receive the sanction of the geologist i charge. Each assistant is 
held responsible for .the correctness of his tatements in his report, and 
it is presumed that his love of.truth is sup rior to his personal feelings. 
Problems are arising and wiil continue to rise about which there will 
be difference of opinion among · true men f science. We shall accept 
the verdict founded on · the evidence as so n as it comes fairly before 
us, regardless of our preconceived opinions 

In performing so great an amount of fiel -work, and in publishing so 
freely and rapidly as we do, an unkind cr tic may find defects in our -
-reports which might not have existed with delay; but it seems not only 
necessary but eminently desirable to bring our results before the public 
at as early a date as possible. Should mist kes occur, (and they cannot 
reasonably be avoided,) we hope to correct them in future publications. 

I regret that my own report bas not bee more carefully prepared this 
season, and that I have been obliged too it several chapters in which 
I had intended to discuss some of the mo e important problems in th~ 
geology of the Rocky Mountain region. 

The discussion of the Lignitic group will be continued by Prqfessor 
Lesquereux. His views in regard to the age of this group are well 
known, and it seems probable that they wnl be sustained by future evi
dence. 'rbe stratigraphical evidence on this subject, so far as Colorado 
is concerned, will be subjected to the closest scrutiny the present season. 

The present report of progress is submitted with the belief that it is 
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a valuable contribution to our knowledge of the geography, geology, 
and natural history of a very interesting portion of the public domain. 
I would again extend my cordial thanks to the Secretary of the Interior 
and to Hon. B. R. Cowen, Assistant Secr~tary, for their continued aid 
and encouragement in advancing the objects of the survey. 

Very respectfully, your obedient servant, 

Hon. 0. DELANO, . 
Secreta.ry of the Interior. 

F. V. BA YDEN, 
United States Geologist. 
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GEOLOGY, MINERALOGY, AND MINING INDUSTRY. 





REPORT OF F. V. HAYDEN, U. S. GEOLOGIST. 

CHAPTER I. 

REl\fARKS ON SURVEY-THE GEOLOGICAL FEATURES OF THE EAST 
. SLOPE OF 1'HE COLORADO RANGE OF THE ROCKY l'IIOUNTAI:NS, FROM ' 
CACHE A LA POUDRE RIVER SOUTHWARD TO PIKE'S PEAK. 

In the third annual report of the survey for 1869 I described with 
some care the geological feature~ of the east slope of the Rocky 1\foun- • 
tains, from Oheyenne to Santa Fe. lVIy investigations were more par
ticulairy confined to the sedimentary formations as they are shown by 
their upturned edges along the immediate eastern base of the range. 
In this chapter I can do but little more than confirm · the accuracy of 
the statements made in that report, and add a few new facts, referring 
the reader to the more detailed reports of Mr. l\farvine and Dr. Peale. 

Although the sedimentary rocks along the flanks of the mountains 
are of great interest, yet the general outline of their geology is compar
atively simple. The vast plains to the west of Cheyenne are covered 
with the drab-yellow and light-gray sands, marls, and clays of the great 
fresh-water l~ke deposit, known as the "bad lands," (Mauvaisses terres,) 
and may be Miocene, or Pliocene, or both. This entire group of deposits 
juts up against the foot of the mountains, not conforming to the older 
beds, and in a horizontal position or inclining not over 5o. The Union 
Pacific Railroad passes uninterruptedly across this deposit from a point 
east of Grand Island, on the Platte, to the margin of tlie first range. 
As we pass southward from the railroad this lake-deposit soon thins' 
out and disappears, and the full series of1 the older sedimentary rocks 
known in this region are exposed in their order of sequence. The 
fresh-water Tertiary deposits not conforming with the older rocks and 
jutting up against the sides of the front range almost to the summit, 
necessarily conceal the latter over a very long distance. For one hun
dred miles . or more they are not visible, only as the former have been 
washed away, and for a considerable distance north of the Laramie River 
the fresh-water deposits conceal all theolder1 beds, and rest upon the gran
ites direct. .A. bout four miles south of a. Jocal~ty known on the maps as 
Spottswood Springs, the Lignitic beds oegin to be revealed in the valleys 
of the little streams, and very soon the fresh-water deposits entirely thin 
out. So far as I have been able to ascer.tain, the older sedimentary strata 
perfectly conform, and we have here a series of uplifted ridges, showing all 
the sedimentary rocks of the region up to the Lignitic group inclusive, 
with ·remarkable distinctness. I am not certain that we have well
defined Carboniferous beds south of the railroad. Along the line of the 
railroad, between Hazard Station and Granite, the limestones of Car
boniferous age are exposed to a limited extent. So far as I have ob-

2 G S 
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served, rocks of this age do not occur again until we reach Colorado 
Springs, south of the railroad. The brick-red group rests on the 1\feta
morphic rocks, and, starting from the granite nucleus, ~e pass across 
the upturned edges of the sedimentary beds, as they incline from the 
east slope of the mountains at various angles. We have been in the 
habit of calling the brick-red beds Triassic; but it is by no means 
proven, and as there are red beds of similar mineral character in the 
well-marked Carboniferous group below, and the Jurassic above, I have 
sometimes been disposed to refer them to one or the other, or to both, 
and regarding the Triassic as wanting. The thickness of the red group 
as exposed at different localities varies considerably, and it is oftentimes 
difficult to decide whether the difference is due to original deposition, oc 
whethe·r the beds have been crushed together, or concealed by newer form
ations. If the Triassic group is wanting in this region I cannot point out 
_any locality where there is any marked unconformability between the 
,Jurassic and the Carboniferous, and this fact might be used to favor 
the belief that the red group is Triassic. Above the red group is a 
series of variegated beds, which seem never to be absent alon~ the 
margins or flanks of the eastern ranges of mountains from the north line 

• -of our territory to Mexico. North of the railroad the Jurassic marls arc 
often filled with characteristic fossils, but south of that point they disap
pear, and they have not yielded any positive paleontological proof of their 
age to the numerous explorations as far south as Santa Fe .. The litho
logical characters of the group, however, are well preserved, although 
from the line of the raitroad far south to New Mexico the group is thinly 
r.epresenterl. Above the Jurassic is a fair representation of the Creta- . 
~eons sedes. . No. 1, or the Dakota group, is well shown and is always 
cbar~cteristic, though seldom containing any organic · remains, but the 
other divisions, which are so well defined farther north, are here very 
Qbs.cure. The geologist studying these beds in their southern extension 
first, would hardly think of s.eparating them into the five well charac
terized divisions of the Northwest. To one who has carefully studied 
the divisions along the Misssouri River the Cretaceous beds in Colorado 
-and +'Tew Mexioo mg,y be separated into the five groups without much 
·diffi.culty. ~o. 3 is represented by a thin bed of impure gray limestone and 
thin calca;roons shale, with Ostrea congesta and a species of Inoceramw;. 
The fossils are about the same as those oc.curring o~ the Missouri, but 
the roc\{s have little of the ch~lky texture, as observed in the North west 
.and in Kansas. Nos. 2 and 4 .are bla~k shaly clays, and do not 
differ materially from the s~me groups occurring in other localities to 
the northward. No. 5 contains a great abundance of well-marked Cre
taceous fossils, many of the species identical with those found. on the 
Missouri River. This group passes up into the Lignite strata, appar
ently without any marked unconformal>ility. In passing upward in 
number .5, one by one the mollusca of purely marine character disappear 
until only so~.e varieties of oysters remain with the plants peculiar to 
the Lignitic group. I may say here that it is quite possible that a 
more thorough examination of the strata intermediate between those 
with well-defined Cretaceous fossils and the Lignitic beds wbuld show 
at least an ;uncomformability of sequence. In the Laramie Plains there 
is a group holding this intermediate position of several hundred feet in 
thickness, which I have called beds of passage. ' 

There is an interesting fact which may be stated just here, that there 
are no important :flexures in the sedimentary group, whai.ever there may 
have been in the :Metamorphic rocks, but the difference in the inclina
tion of the former is very great at different localities. Sometimes the 
uplifted zone is ten to fifteen miles in width and composed of a great 
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number of ridges, which are called in the country" Hogbacks.:' Som.e
times the inclination of these ridges from the granite nucleus outward 
to the plains is not more than from 100 to 25o, gradually diminishing 
1,1ntil the Lignitic strata assume an entirely horizontal position, so far as 
can be detected by the eye. Again, the entire group of strata will pe 
crowded into a space of a mile or less, and stand at a nearly or quite a 
vertical position, but in suddenly passing -from a very highly inclined 
position to an apparently ):wrizontal one on the plains, :we can see that 
however much the :Metamorphic rocks which form the nucleus or body 
of the great mountain-ranges may have been folded by the shrinking of 
the crust, the sedimentary beds have been simply lifted up in a nearly 
or quite vertical manner. I have often stated in previous reports the 
belief, founded on most sat.isfactory evidence, that the sedi~entary 
strata formerly extended uninterruptedly across the area now occupied 
by the Metamorphic mass of the mountain-ranges; that on the east and 
west slopes can be found the broken portions inclining in opposite direc
tions, but showing most clearly that the intervening portions had been 
worn away in the process of upheaval. The sections across the range 
will illustrate this statement most clearly. So far as can be seen ~t the 
pre~ent time the process of upheaval has been very slow, long continued, 
and uniform in its action. -In many instances the sedimentary group 
see:ms. to have resisted the central force, and thus the strata were broken 
off~ and the edges turned up very abruptly over a very narrow belt or 
zone, as at Golden City, and many other localities south .of that point. 
Again, the uplift seems to have influenced the strata for a lon'g distance 
from the Metam'orpbic nucleus into the plains, as at Cache a: la Poudre, 
where the inclination of the .beds is nowhere very great, and gradually 
diminishes eastward until they become quite horizontal ten to twenty 
miles from the axis of power. · In many instances the force from below 
seems to have act~d so nearly vertically that only the Lignitic and per
haps a portion of the Cretaceous strata are exposed on the fl~nks of the 
nucleus, and thus beds are broken off so abruptly that the detached por. 
tions are thrown past a vertical and incline away from th,e mountain 
mass; in other words, the great Metamorphic ~ass-that forms the nuoleus 
of a range has-been pushed up so directly vertical that the operatio11 
did not materially disturb the sedimentary group except immediately 
:;tround the flanks. This phenomenon is not uncommon .over the e~t.ern 
portion of the Rocky !\fountain district. As the details of the g~ology 
of · the different districts are more fully worked out these points will 
appear more cle~rly to the mind of the reader. . It will be seen that tl,le 
geological structure of the Rocky Mountains is comparatively sirpple in 
its genen~l outlines, but that in its details it is remarlrably complicate~. 

In the third annual report of the survey, season of 1869, I noted an 
interesting feature in the structure of the mountain-ranges along the 
eastern flanks, from Chevenne to Santa Fe. I directed attention to the 
curious anticlinal ridges that seemed to extend down from the main 
range and die out in the plains. Thus the great range or mountain 
mass that fronts the plains from our north line to 1\'Iexico is made up of 
a vast number of smaller ranges grouped together; and while the great 
mass, ~-s shown on our maps, has an aggregate trend about northwest 
and southeast, the front range from Laramie Peak to Santa Fe seems to 
strike about north and south.· If we examine the eastern flank~ of the 
:~:a,nge we shall find, from point to point, smaller ranges or spurs extend
ing qo..'-':11 from the main mass toward the plains, with a trend about 
nort.h"'est and southeast, an9 soon dying out, leaving between the end 
Qf t'l\e. spur or minor range and the main mass a broad open valley, which 
form~S the sources of the more important streams. Most excellent -illus· 

-,· 
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trations of this structure ·are seen where the Big Thompson and Saint 
Vrain's .Creeks emerge into the plains. Great notches are there formed 
from point to point along the east front of the mountains, from which 
some of the most important streams, or the]r branches, emerge into 
the. plains . . Cache ala Poudre, Big Thompson, Saint Vrain, Fountain 
Creek at Colorado Springs, and the Arkansas River near Canon City, 
are excellent examples. This feature in mountain stn~cture is shown in 
a still more emphatic manner farther to the northward, where the front r 

group :flexes to the northwest, leaving, however, somewhat separated 
the Black Hills of Dakota, the Big Horn range, and the numerous 
smaller ranges on the Upper Missouri. These ranges, large and small, 
are all linked together at some point more or less apparent by anticli
nals. By examining a general map of the Western Territories

1
it will be 

seen that the Black Hills of Dakota are connected with the front range 
near Fort Laramie, and that the Big Horn Mountains are united farther 
north at Red Buttes by a low anticlinal that crosses the interval, re
vealing no rocks older than the Cretaceous. These lines cf connection 
are best shown by colors on a geological map. 

The illustration (section 1) will show quite clearly the dying out in 
the plains of one of these spurs or ridges. It is also a fine example 
of an anticlinal. Big Thompson Creek cuts .its channel through the 
south end. The portion thus separated forms a conical hill about 120 
feet high above the south base, or about 200 feet above the valley of 
the Big Thompson. The Upper Cretaceous beds pass off in low ~emicir
cular ridges southeast. The main mass of the hill is triangular in shape, 
and is composed of the rocks, of various textures, which make up the 
Dakota group. The character of the group is well shown in this local
ity. The pudding-stones, made up of small rounded pebbles, seldom 
more .than .one-fourth of an inch in diameter, smoothly polished; sand
stones and quartzites of almost every texture, with slicken on a marked 
scale, and with the surface lined with white amorphous quartz. 

The stream, which separates the triangular end of the anticlinal, cuts 
directly through the ridge at right angles, and exposes in the section 
the red beds very distinctly. The trend of the ridges is about 20° west 
of north, with the uplifted ridges on either side inclining 16° to 200 
east and northeast; on the west side of the ridge, No. 1 presents an 
almost vertical ·wall for a mile or more, rising from a few feet to 100 
or 150 feet in height, resembling the broken wall surrounding some 
old city. This will always be pointed out to the traveler as one of the 
curiosities of the region, aside from its geological interest. Just inside 
is the rather thin group of Jurassic beds; in the aggregate about 200 
feet in thickness, made up of irregular thin layers of indurated arena
ceous clay and sandstone, with two or three beds of lim~stone. Not a 
trace of a fossil could be found, although a hundred and fifty miles 
north well-marked Jurassic fossils are abundant; and twenty-five miles 
north they occur to some extent. The thinning out of the Jurassic 
group in its southward extension is well marked, unless we include the 
red beds among rocks of that age. Below the well-marked Jurassic 
group the red sandstone appears, forming several small, rather low, 
ridges, with thin beds of bluish-gray limestone, quite impure, but used 
for burning into lime. Here and there, in close proximity to these lime
stone layers, we have irregular deposits of gypsum. ' It is only in the 
red group , that tpese gypsum-deposits are sufficiently developed for · 
economical use. Gypsum in some· form occurs in all the formatiol}~ 
above the Carboniferous; bnt in the Cretaceous and Tertiary forma
tions it is found mostly in the form of selenite. The origin of . the gyp~ 
sum is sn w.eiJ known that I will not refer to it in this place. It may be 
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stated, howm'er, that the absence or presence of large deposits of gyp
sum seems in no way to affect the beds of limestone, although the gyp
sum occurs in 'greater or less quantities all along the eastern side~ of 
the mountains wherever the group of red beds is exposed. · There is a 
very plain thinning out of the calcareous rocks a-s we proceed south
ward. North of the railroad the Carboniferous limestones are quite 
thick in some places; near Fort Fetterman they reach a thickness of 
1,000 to 1,500 feet, while south of the railroad the aggregate of the 
limestone layers would not, amount to more than 25 to 50 feet~ The 
beds or deposits of gypsum are much more extensive to the northward, 
.around the Black Hills, reaching a thickness of 40 to 60 feet, amor
phous, and of a snowy whiteness. 

The central portion of this anticlinal is a rather low grassy valley, 
with one or two low ridges rising 2 to 4 feet above the surface, the 
brick-red edges of the softer intervening strata outcropping here and 
there where the rock is rounded. The intervening valleys between the 
ridges are of various widths, depending upon the thickness of the indu
rated calcareous f?andstones. From .their irregularity in weathering 
there must be a very great variability in .the texture of these brick-red 
sandstones from point to point at not very great intervals. This differ
ence is shown all along the base of the mountains~ Sometimes the 
ridges are very high and the upturned portions form a belt of consider
able width, composed of quite compact sandstones and quartzites; · then, 
within the space of a few miles, the greater portion of the group will 
appear to be made up of indurated sands, which yi~ld readily to atmos
pheric agents. The irregularity in the wearing dm"fn of these ridges is 
undoubtedly due in part to other causes, which will be discussed in an
other portion of this report. In the valley betweenj the two sides of the 
anticlinal are several lime-kilns, and the limestone is taken from a bed 
2 feet in thiekness, rising above the surface a few feet and standing 
nearly vertical. . On either side of the limestone the arenaceous lime
stone and sandstone are very cellular, looking much like a spring de
posit of tufa. It is certainly very gypsiferous all the way through. 
There are two or three of these thin beds of limestone about the middle 
of the red group, but no fossils have ever been detected in them. This 
anticlinal valley, although so short, is very beautiful. At its upper end 
it is about half a miie- wide, tapering to a point on the southside of the 
Big Thompson, so that it is about three miles in length. The west por
tion of this anticlinal forms also the east side of . the beautiful synclinal 
valley, through a portion of which the stream flows. The eroding 
agents have smoothed out this con~ave synclinal valley, which is 
almost entirely grassed over, so that no formations can be eeen newer 
than No. 1. The quartzite wall on the east side, which stands 
soo at ]east, must have been broken oft, so that the under
ground portions cannot be very deep, but pass beneath the valley and 
rise up on the opposite side, inclining at a very moderate angle. This 
peculiar arrangement of the ridges produces a very curious drainage 
for the Big Thompson and its branches. On the south side of t.he val
ley of the Big Thompson the long, low, Cretaceous ridges can be seen 
from a high point extending across the surface to the north, but stop
ping abruptly at the creek, while the synclinal interval gradually closes 
up to t!J.e northwest, in the \alley of the East Fork. South of the 
main stream, and on the west side of the synclinal valley, the No.1 
ridge is very prominent, and runs up to Big Thompson close above 
the Red Stone Creek, as seen on the maps. Between the end of the 
anticlinal south of Big Thompson, and the same ridge as it rises on 
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the south side of the same stream, the distance across the synclinal 
valley is about three miles. As we pass up the axis of this triangular 
anticlinal we find within it an open triangle; or, in other words, high 
ridges of sandstone incline east, west, and south from the nucleus Qf 
mica schists. 'The sandstones forming the ridges of this inner triangle 
are much more compact in texture, varying from a sandstone to quartz. 
ite and pudding-stone. The pebbly portions are scattered irregularly 
through the mass, showing everywhere that the sediments were depos
ited in shallow and disturbed waters. Indeed, it · is seldom that ,the 
red groups give any evidence of long periods of quiet deposition. 

Passing over the ridges of sandstone, which rise above the anticlinal 
valley about 200 feet, we ascend a ridge of black mica-schist, which, on 
account of its peculiar texture, I have called "bird's-eye schist.'' The 
surface of these slate-like shales is covered with circular pits, while the 
mass of the rock has a wa"ly texture, the whole reminding on.e at once 
of a kind of' timber common in our Northern States, known as" bird's
eye maple.'' The south end of the schist-ridge rises 1,100 feet above 
the valley of the Big Thompson, at the old stage-road. The second ridge, 
still farther north, is 1,450 feet, while the highest part of the spur is 
over 2;ooo feet. The highest point is not over 8,000 feet above sea
level. It will be seen at a glance that this ridge or tangential spur, as 
it might be called, is a remarkable feature in Rocky Mountain struc
ture; that the internal forces should strike off at a tangent, as it were, 
elevate a branch ridge from the main chain, and f?O suddenly, and 
in many cases abruptly, die ~mt in the plain, is difficult to compre
hend. We shall endeavor to present the· facts from time to time with 
~s much detail as possible, leaving the primary causes to become more 
clearly known as we can accumulate illustrations. The synclinal on 
the southwest side of the spur continues up until the spur joins on to the 
main nucleus of granite. The ridges forming the east side of the anti
clinal extend contiD:uously along the east base of the mountains to Cache 
a la Poudre, while · the west side is cut off by the schist-ridge. The 
synclinal is closed up in a sort of pocket or mtl de sac, forming the drainage 
of theN orth Fork or Red Stone Creek~ The Fed beds lie close up against 
the granites, while the branches of the Little Fork have cut their way 
through the ridges, as shown in the small chart. The schists in the 
spur extend down as a sort of tongue between · the uplifted ridges of 
sedimentary rocks on either side. The schists all incline west or south 
of west 600 to soo. The strike of the schist-ridge or spur is about 
northwest and southeast. The "hogback" ridges on the east side, ex
tending along the base of the mountains to Cache ala Poudre, are quite 
regular, and incline 200 to 250, There is usually an interval or valley 
between the schists and the first ridge, as shown on the surface, though 
beneath the valley the red sands and sandstones jut up against the up
turned edges of the schists. About five miles to the northward, on the east 
flank of the mountains, a group of massive red feldspathic granites rise up 
beneath the schists, and the surface has the appearance of a gr·eat morai
nal deposit, so rounded are the detached masses of granite. These worn 
blocks were scattered over the sedimentary as w~ll as the Metamorphic 
rocks and show marked signs of former glacial action. Such examples 
may be found everywhere along the mountain sides. The subject, how
ever, may be more fully discussed in another place. A.t this point rem
nants of the lower sandstones lie high up on the granites, inclining 60° 
to soo southwest, while the upper sandstones dip nearly 200 east. The 
sandRtones, as they lie in contact with the· granites, :filling up the irreg
ularities of the surface, are composed of a loose aggregate of quartz, 
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pebbles, and other l\ietamorphic rocks, with a coarse quartzitic sand 
as a cement. There were many deep depressions, which are filled up 
in a remarkable manner. These tongues or ridges of granite extend 
down fi'om the main range in many places, but seldom so far as to 
break the regularity of the upheaved sedimentary ridges. Between Big 
Thompson and Cache a la Poudre there are quite wide grassy intervals . 
between the ridges, which produce excellent grazing for ca,ttle. These 
ridges are well defined; there are usually about two principal ones of 
the red group, and one very high and prominent ridge, composed of No. 
1, underlaid probably with the Jurassic group. The Dakota group 
ridge is immensely developed all the way to CacJ:1e ala Poudre. On 
the inside of the ridge vast blocks of quartzite and pudding-stone, 20 
feet cube, have fallen down into the valley or lie thickly scattered on 
the sides of the ridge. At Spring Canon, nine miles north of Big 
Thompson Station, there is a splendid section of the entire sedimentary 
group. The little streams seem to have cut their channels direct from 
the mountain-sides through the series of ridges at right angles. The 
Dakota group is at least 250 feet thick, and is composed of beds of fine
grained sandstone or quartzites, which are much used for building pur
poses. So much has already been written in regard to the Cretaceous 
group, as shown south of the railroad, that I do not know that I can 

· add anything new in this chapter. The very minutB and accurate sec
tions of JVIr. J.Vlarvine will make the succession of the beds, as well as 
the relative thi.c,kness from point to point, perfectly clear. Between 
Cache a la Poudre and Big Thompson, the ridge composed of No. 1, , 
or the Dakota group, is most conspicuous, forming a peculiarly sym
metrical roof. This ridge is higher and more uniform than any of the 
others on either side of it, due probably to the fact that the texture 
of the rocks of the Dakota group is so much mor~ compact and resists 
the wear of the atmosphere more effectually. The slope of the roof is 
about 20°, and although much of the surface is bare, the upper portion is 
covered with scattering cedars of a stunted growth. At irregular: but 
short . intervals inverted conical notches occur, produced by the little 
streams, which have worn their way, to a greater or less depth,. directly 
through the ridge. The more important, streams have cut deep channels 
froi.n the mountains through into the open plains, but in the intervals are 
numerous depressions, like those shown in the illustratioD:s, that indicate 
the erosion of temporary streams, thus giving a wavy outline to the 
outcropping edge of the ridge. We may say here in this connection 
that the Dakota group is one of the most widely-distributed forma
tions in the West. To attempt to describe the variations in structure 
from point to point would be an almost endless task, and yet, when care
fully studied in one locality by the geologist he never fails to detect hs 
presence at other points where it exists, if exposed. All over the great 
middle belt of the West, so far as I have observed it, between the paral
els 470 and 340 and the meridians 970 and 114o, it rpaintains enough 
of its peculiar ltthological character to be readily detected, and thus, 
although in most instances destitute of, or containing very imperfect 
organic remains, it forms a permanent basement-floor for the great Cre
taceous formation of the West, as well as a most important datum line 
for determining the age of the rocks above and below. The numerous 
species of plants, with a few inverteurate fossils, which have been found 
on the Missouri River and in NeQraska and Kansas, have fixed the age 
of the group, so that we believe it passes beneath all the more modern 
beds from their points of appearance at ~be East to their exposure along 
the flanks of the mountp,ins. 'l'he eastern portions of this g~oup are 
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composed of a considerable thickness of dark iron-rust sandstone, in 
which the plants are found for the most part . In the West this saiid
stone is not found in so marked a degree. Volume 7 of the quarto 
series, by Professor Lesquereux, contains 30 plates entirely devoted to 
the plants of this group. The physical history of this group would be one of 
great interest if we had all the details, forming, as it does, the line of 
.separation between two of the most important of the Mesozoic ages. 
Indeed I have sometimes regarded it as a sort of tra.nsition group be
tween the true Jurassic and Cretaceous series. The exact line of separa
tion between the Cretaceous and Jurassic I have never seen, unless it be 
the lowest layer of sandstone. The beds of sandstones, quartzites, 
&c., form the characteristic feature of the group, but the beds are 
usually separated by perhaps layers of indurated clay or shale, which 
are of variable thickness. It is also probable that the Dakota group 
passes gradually into the Jurassic through softer strata, for the sand
stones are indurated with lower arenaceous cl~ys. I bold the ·position 
that the sequence of all formations is to be sought for in all places; 
that while breaks not unfrequently occur, the normal condition is the 
entire absence of any line of demarkation, so that with the closest 
scrutiny the geologist cannot tell where one formation ends and another 
begins. Variability in texture and composition is regarded as indicative 
of transition from one age to another, and this peculiarity is so persistent 
in the Dakota group wherever it is known that 'l have been disposed 
to regard it as a transition series, although the organic remains do not fix it 
positively at the base of the Cretaceous. It is even possible that an uncon
formability of sequence will yet be found. All through the group the 
layers giveunmistakable evidence of.the shallowness of the waters of the 
ocean during the deposition of the sediments. It seems somewhat sin
gular that so widely-distributed sea-deposited rocks should exhibit such 
uniform proof of shallow-water deposition. The rocks are usually in 
rather thin layers, with very irregular lamime of deposition; the sedi
ments vary from a fine to a coarse sand or gravel, also from a fine 
pudding-stone, made up of an aggregate of smoothly~ worn pebbles from 
the size of a pea to an inch or more in diameter, §Qrnetimes so closely 
cemented together that th~,. fracture of the mass is liable to pass 
through the pebble. In somewhat rare· instances this pudding-stone 
becomes a coarse conglomerate. The average thickness inay he stated 
at 200 feet, but vibrates between 100 and 250 feet. Between the sand
stones are perhaps partings of indurated arenaceous clay, and about 
the middle of the group is a seam of impure Lignitic clay, which bas 
often been prospected for coal. Along the Missouri River, in the vicin
ity of Sioux City, Iowa, and in Southern Nebraska and Kansas, this 
last is 2 to 4 feet in thickness, and has been wrought to some extent 
for fuel, but with poor success. Along the margins of the mountain
ranges there is no certainty of its appearance at all ; still it crops 
out from point to point from the north line to l\'Iexico. The ·entire 
group of sandstones show that shallow water and land were near, 
or a.t least areas where vegetation could grow, for all through the rock 
are fragments of leaves, stems or sticks, and sometimes coal. :l\Iany ot 
the beds are sort of mud-sandstones, of a drab-brown, from the ~bun
dance of indistinct fragments of vegetable matter. Sometimes, in the 
more compact homogeneous layers, well-defined leaves are found, usually 
of a deciduous type. Leaves were found in these rocks, near Denver, 
along the line of the Union Pacific Railroad to Ogden, and in the Elk 
)fountains. The sandstones pass up into brown arenaceous clays, with 
rather thin layers of mud-sandstones, full of mud-markings, which re-
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semble casts of sea-weeds with fragments of vegetable matter. Then 
comes black shaly indurated clay, which indicates quiet deposition in 
moderately deep waters, at least. This is what we have usually denom
inated No. 2, or the Fort Benton group, and sometimes attains a thick
ness of 200 to 600 feet, quite homogeneous in character. There is now 
and then a calcareous layer which is charged with fossils, as Inocera
mus, Ostrea congesta, and ot.her well-marked Cretaceous forms. Above 
the Dakota group the Cretaceous rocks have very little influence on the 
scenery further than that the dark saline clays of No.2 and No.4 give 
the appearance of an arid sterility to the surface. Nos. 2, 3, 4, and 5 
are usually so soft and yield so readily to the atmospheric agents that, 
where the mountain-streams emerge from the Dakota group, they flow 
out into the plains. In some instances they have escaped erosion and 
occur in a series of low ridges which pass off eastward into the plains 
like the waves of the sea. This is well shown north of Cache a la 
Poudre, where the Lignitic group is involved in the uplift and the belt 
of uplifted ridges is several miles in width; but inclining at very small 
angles. No. 3 Cretaceous is not well defined; yet it has a representation 
in the yellow and gray limestones and shales or slates. The chalky 
limestones are often full of the characteristic fossils of No.3. Along 
the base of the mountains in Colorado, No.3 forms rather low, rounded 
ridges, grass-covered, and not easily studied except where the mountain
streams have cut deep channels directly through them. We can thus 
trace the continuity complete, so that we find the passage from No.2 to 
No. 3, and from No. 3 to No. 4, then to No. 5, as gradual as if they 
were all united in one group without any possible line of separation. 
No. 3 varies from 50 to 100 feet in thickness, so far as can be seen, 
yet the difference in thickness at different points may depend somewhat 
on the clearqess or obscurity of the exposure. 

That all these groups vary in thickness at different localities would 
' be expected, but I doubt very much whether from any exposures along 

the flanks of the mountains these variations can be determined with any 
degree of certainty. Nos. 2 and 4, made up as they are of indurated 
shaly clays, yield more readily to the eroding agents, and No.3 rises 
up between them in a low rounded ridge from a few feet to 50 or 100 
feet in height. No. 2 usually underlies the concave parallel valley 
or i_nterval between the high sharp ridge composed of No.1 and the low 
eroded ridge of No. 3. No. 4 forms the more slightly concave de
pression between Nos. 3 and 5. This series of parallel valleys between 
the ridges, with a general trend north and south, is a feature peculiar 
to the flanks of the mountain-ranges, and is best shown, on account of 
the vast continuous extent, on the eastern side. The intervals are 
usually softer materials, and have been worn out more or less smoothly 
by the elements and then grassed over, so that some of the finest farming 
and grazing lands in the Rocky 1\fountain districts are found here. 
These V:illeys are so inrlosed that they are protected from the winds 
and storms, and in consequence old settlers are working their way 
up from the plains to the immediate base of the mountains in consider
able numbers. As a range for stock these valleys are admirable. The 
pictorial sections will illustrate what I mean by these parallel valleys. 
The mountain-streams cut through them at right angles. I have already, 
in the annual report for 1870, called attention to the wide parallel val
leys north of the railroad between the older rocks and the modern 
Tertiary or lake-beds. . 

In general appearance No.4 resembles No.2, yet the latter is more plastic 
and -of a darker color than the former. No. 4: is an indurated clay, some· 
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tendency of the mountain-ranges. It extends out tangentially several 
miles from the base of the main range into the plains between Little 
Thompson and the north branch of Saint Vrain's Creek. Just as the 
Saint Vrain emerges from the Hogbacks in the plains, the Yalley ex
pands to a width of at least five miles, (c,) so that there is only this 
main ridge or spur between the drainage of the Little Thompson and 
Saint Vrain's Creek. This ridge is also partially domed over, although 
a portion, of the Upper Cretaceous beds incline away from the ridge on all 
sides. · On the east side an oval mass has been removed through the quartz
ites of No. 1 and the Jurassic group, just exposing the red beds in the bot
tom of the depression. The quartzites stand up nearly vertical on the 
east side, forming a semicircular wall, while on the west side the summit 
rises 830 feet above the valley of Saint Vrain, with a ·dip of only 200 or 
3oo. The layers ofrocksarequite-massive,4 to 6feetthick,composedofa 
beautiful pudding-stone, the pebbles rounded and as smooth as glass. 
There is here at least 10 or 15 feet of solid pudding-stone, · and the peb
bles all through it have the same elegant smoothness and are sometimes 
an inch or two in diameter, hut usually smaller. The depression as well 
as the sides of the ridge are covered with huge cubical masses that have 
fallen down. The last two smaller spurs do not appear to have inter
rupted to any extent the trend of the ridges. On the north side of the 
Little Thompson and inside of the uplifted ridges the short rounded 
schist-spur is distinctly seen trending northwest and southeast, which has 
produced the puff. The oval opening (d) in the puff is about half a mile 
wide and a mile long, produced by erosion. To one traveling between 
tke Hogback ridges and the granites these tangential movements of the 
internal forces do not seem to have disturbed the symmetry of the prin
cipal series of ridges. The Little Thompson in passing through the 
main ridges cuts them at right angles, and on the north side a fine, reg
ular vertical section is shown, with the beds all in their normal position, 
while on the south side the same beds incline toward the north from 
the :ridge or puff that extends down into the plains, (well shown in sec
tions 2 and 3.r The Little Thompson, after emerging from the sand
stone ridges, cuts a deep channel through the calcareous shales of No.3. 
The bed is here 200 to 300 feet in thickness. These unusual develop
ments of a group show the difficulty of obtaining the exact thickness 
of these uplifted g-roups of strata at different points with any degree of 
accuracy. We may call this spur an oblong quaquaversal, for the beds 
incline at greater or less angles from both sides, and come around the end, 
forming quite distinct semicircles. Nos. 1, 2, and 3 form distinct ridges 
from the end of the spur, and the plains below show clearly that they 
are underlaid by the softer materials of the Upper Cretaceous. On the 
south side of the spur there is a triangular-shaped valley, through which 
the north branch of the Saint Vrain flows from the base of the mountains. 
The upper part of this triangle is a synclinal, as is so well shown in . the 
illustration. South of Saint Vrain's Creek the ridges begin to close up 
rapidly, so that at Boulder Creek they form a narrow belt. Two. or 
three fragmentary ridges of Lignitic sandstone rise above the surface 20 
or 30 feet, not over three miles from the foot of the mountains, and the 
strike would carry them close up against the very base near Boulder 
Creek. The coah;trata continue to approach nearer and nearer, until 
between Boulder and Clear Creeks they form a portion of the foot-hills. 

The terraces along the base of the mountain are very remarkable, and 
will be noticed more fully in another place. As they are composed of 
superficial deposits the ndges pass under them at times, and are hidden 
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fro·m view. We will allude to these terraces again, under the head of 
glacial effects, which are very conspicuous· everywhere, and nowhere 
more so than in the valley of the Boulder. 

Near Boulder City the ridges hug the base of the mountain closely, 
while between North and South Boulders tht:ly are worn away, mostly 
exposing the granites. The terraces, as well as the lower valleys, are 
literally. paved with water-worn bowlders of all sizes. The origin of the 
agencies which have produced these ~ffects is evident from the 
fact that as we recede from the mountain the bowlders diminish in 
size as ~ell as quantity, until far down in the plains they almost 
entirely disappear. There is no evidence· that the superficial deposits 
are of remoter origin than the immediate mountain-side. At Valmont, 
in the Boulder Valley, about five miles below Boulder City, there is a 
singular dike of augitic dolerite, which rises up nearly through the hor.: 
izontal Lignitic strata like a wall. Its strike is about south 67° west. It 
runs directly up the valley and parallel with it at right angles to the 
mountain-ranges, and evidently had a much greater extent than at 
present. It has been uncovered for the most part, and perhaps entirely, 
by the wearing out of the valley of the Boulder. Originally the igneous 
material must have been forced up vertically, filling the fissure like a 
mold; and while the soft yielding sandstones and clays that surrounded 
it were easily swept away by the eroding agencies; this dike, by the 
great hardness of the rock, has resisted so that it remains like ver
tical walls. The highest portion is just at Val mont, and is 300 feet above 
the base, while at either end in a line with the main mass is a raised 
ridge covered with the fragments of dolerite. At the top it is 30 feet 
wide, but expands to 50 feet or more at the base, while farther down, 
where the. dike is much broken, it appears to be 150 feet. It undoubtedly 
varies in width from 50 to 150 feet. The south side of the dike is washed 
by the Boulder, and is nearly vertical and loose, while the north side is 
covered with the broken fragments and the sedimentary beds jut up 
against it without any evidence of much disturbance. From the sum
mit of the highest point the view up and down the valley is very fine, 
and nowhere in Colorado can be gathered within a single scope of the 
vision so abundant and so great a variety of the resources of Colorado. 
The railroads are in operation here, and the broad valley from the 
mountains down for thirty miles or more is covered with fields of grain / 
and other products of the farm. On the south side in the high 
hills numerous openings for coal may be seen, and between Boulder 
Valley and Olear Creek the bulk of the coal of Colorado exists. The 
valley near the base of the mountains is full fifteen miles in width, 
but gradllally narrows as the long benches that extend down on either 
side approach each other, and the little branches all unite in one stream. 
So far as we can determine from the surface, the dike extends about 
four miles in a direct line, and from the west end to the east end the 
strike is about north 300 east. The Lignitic beds incline down the 
stream, or about west 1 o to 30, About half a mile north of the dike, on 
the north branch of the Big Boulder, there is a fine exposure of the 
yellow-gray sandstone, apparently horizontal. Indeed, wherever any 
of the underlying Sedimentary rocks are exposed, they do not seem to 
have been disturl:>ed by the forcing up of the igneous matter, and we may 
therefore conclude that it merely filled an original fissure as a mold. 

I will now pass hastily over the remaining ,portion of the country to 
Colorado Springs, presuming that the reader will find a general view of · 
this region, with a pretty clear exposition of the great features of the 
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geological structure, in my report for 1869, but calling attention to the 
more detailed work of Mr. l\'larvine and Doctor Peale. I may say here 
that soon after leaving the base of the mountains we have what are 
usually called the plains, and the slope is generally to the eastward, becom
ing less and less to the Mississippi Biver. Ten miles from the foot-hills 
the general elevation is from 5,000 to 6,000 feet above the sea; the surface 
is rolling, and in traveling from north to south we gradually rise to the 
summit of one water-divide and descend into the valley of some stream 
which flows from the mountains. These streams are usually, on an 
average, about ten miles apart, and from one margin of descent to the. 
opposite side it is from five to eight miles. 'rhese valleys have been 
worn out slowly by causes which will be noted in an.otber portion of this 
chapter. In a former part of this chapter I descrilJed in detail the series 
of sedimentary beds from the granite nucleus of the mountains eastward 
into the plains. From Cacbe ala Poudre far squthward to the .Arkansas 
the plains are underlaid by some portion of the Lignitic group. The SU· 
perficial deposits are ·so extensive and the exposures of the underlying 
beds so rare that it will always be difficult to work out the succession.of 
the beds in detail. It is most probable that Denver is underlaid by the 
lower portions of the group, and that the divide far southward between 
the waters of the Platte and Arkansas is composed of upper beds of this 
group. The aggr~gate thickness of the entire group, as seen in Oolo
rado, cannot be le~s than from 3,000 to 5,000 feet . . on a geolqgic.al-map 
attached to my final report of Nebraska I represented the ~·resll-water 
lake deposits as overlapping the Lignitic and extending f~r southward 
toward the Arkansas. It is probable that some portion ,of that area is 
occupied by the Lignitic group alone. That the I .. ake or White R,iver 
group covered a larger area southward along the base of the :mountains 
is most probable, but that has been worn away ·so that the present area 
occupied by ·them would extend around to the southeast, _Jpuch as shown 
on the map. I am not positively certain that they extend .south of tbe 
line of the l{ansas Pacific Railroad. "7' e know, however, tLart they cover a 
la-rge area south of the Union P:;t~ifi.c Railroad. East of _J)euver the Lig
uitic beds UH:~st extend two hundred miles without inte:rr~lptiol). • It is 
possible, also, th~t sc;n1;1ewhere in this great are.a basins o~upied by_more 
modern Tertiary deposits m.ay yet be found. It is probal;>le th~t ~pe Caz:
bon_iierQus group .does not occur continuously, as colored on f.be ·m.ap, 
from the line of tl,le U pion Padfic R:;,t.ilro~d- to Co.lora4o ~pringo$. . Ne_~r 
tbe .sources of Fo1,1ntain Creek both the Carbo!)if~rons ~nd Sklur.iian 
beds appear, ·and then southward, inter:t'upted here ;:t·~d tbene, the f'()rw,er 
.group occurs along the ,flanks of the mou:nt~ins. Tbe-;wor€ .e~re.fl,1lly
prepared m.aps, which will :be made ·,hereaft'Jr by ~he Sl,lrvey, will. {{orrect 
all lO<~al det~ils, though in a gener~l way this map w.as very correct. 

Ib;.ave alreadyallu.de(l to the:fact that the .l,>elt of upliftec;l sedi[llentary 
ridges :became narrower at the B~g Bou.Ide-r. Between t_he Big Boulder 
and Ole~r Creek all tpe strata were lifted up . ~.t a :hi~h angle. _Even 
the Lign.i-tic s.trata are close to the granites, a-nd sta~.d .at ·high "angles, 
\arying from 400 to 70o. South of Olear Creek the beltjs.n9t ,wide, but 
it expands somewhat wider now and then, but south of Platte Calion 
b.ugs the mountains even more closely, the inner or lower strata lying 
·high on the sides of the foot-hills. Nowhere ~long ~his belt, ~rom Big 
Boulder to Plum Creek, do we see any trace~ of 11;ndoubted C~rbonif
erous beds. rhe lowest strata exposed . next to the _granites vary some
what in color and texture; the prevailing color is brick-red, or reddish 
brown; but in some places the lower beds are c9mposed of a rather 
·coarse conglomerate cemented quite closely together. In the vicinity 
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of B.:.~x . ~ !.~~~$ and its branches these lower conglomerate-beds fit into 
the 1 ~~:. , ~lf--"rlties of tbe surface of the 1\-letamorphic rocks in a markeQ. 
mam-~Q.~;- Little streams flowing from the mountain-sides have cut excel
len·L vi'~~:::; -~~~tions, showing the original deposition of the Triass~c (~) 
sandstones in deep depressions of the granite nucleus. We may say here 
that the coarsen~ss of the sediments of tile lowt:'r beds of the Red group 
is not the only evidence of the disturbed condition of the waters that 
deposited them; all through the group are quite remarkable illustrations 
ofirregular and oblique lamination. These examples are shown on a grand 
scale immediately after the Saint Vrain emerges from the granites. There 
is a considerable valley between the coarse, reddish, feldspathic granites 
and the first principal ridge of sandstone which has been worn out by the 
water, but remnants of the conglomerate have been left, :fillingupthe irreg
ular granitic surface. The Saint Vrain here runs southward parallel with 
the ridges for about three miles, and then turns to the east and cuts 
through the ridges at right angles, and flows into the plains past Long
mont. Just south of the point where the creek cuts through the belt , 
of sandstones, the parallel valley closes up and the ridges lie close up 
{)n the sides of the mountain. Here the group of sa11dstones which we . 
have usually classed as Triassic exhibits a great v.ariety of structure. 
The conglomerates rest on the coarse feldspatlJjc .granites, and the 
basset eC:ges of the sandstones rise like a wall on the east side of the 
creek. There are alternate beds of sandstone of various .degrees of 
firmness as well as hardness to resist the atmosphere, and softer layers 
of sandy clay. The beds of sandstone thicken or thin out at remarka
bly short distances. ..At one locality on the east .side of the creek, the 
·most important bed of sandstone expands within a distance of 200 
yards, -from 50 to 250 feet in thickness, and affords some .of the most 
remarkable examples of oblique lamination, the lamina inclining 10° to 
17°. Here we have qu-ite a .broad interval for several miles or more be
tween the gra:nite foot-hills and the uplifted sedimentary ridges, pro
Guced bythe excavation for the drain~ge of the Saint Vrain. Soon the 
ridges lie elose on the sides of .the granite, .and . continue :IDQre or less 
.closely to Clear Creek. South of Olear Creek marrow intervals .occur 
·.again to a point about ::five .mil~ south of the cafio.n of theS.outh Platte . 
. Just south of the Big Boulder the red sandstopes seem to .have been 
partially changed .by heat, and the ridges ,rise in lofty WA>lls .1,500 to 
!:!,000 feet above the plain, _pFesenting a front which has no ,parallel in 
any other locality along the eastern flan}{s of the :mountain~, .from the . 
northern boundary to New Me~ico. 

About .five miles south of ·the SoJith Platte Canon we come to .the 
divide between the drainage of .the;main Pla~te and Plum Oreek, .where 
the sedimentary roeks jut up against the sides of the mountain so that 
.the slope is continuous from the tops of the granite foot-hills down i.uto 
the valley. ·1fhis divide is quite. narrow, and southward we soon desc.end 
into aninterval again between the granite foot-hills-and the sedimentary 
region. ,Between _the Platte Ca,fi.Qn and this divide there seems to have 
been an unusual ha-rdening of the Red group, and the action of the eroding 

.agencies .must have been peculiar, for the sandstorles _present a more 
· picturesque appearanc.e than at any other locality, not excepting the 
"' Garden.oftbe Gods" at Qolorado Springs. The main ridges seem to 
·have split up into a multitude of irregular ones, and the frag01ents now 
;gtand up inclining eastward soo to 5_oo in ,the shape of leaning columns 
.and spires, the r?gged upper edges presenting -almost every variety of 
iorm which the meteoric forces could produce. These fragmentary 
forms rise out .of tQ..e grass and bushes which grow abundant all around 
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their base, and one can wind about among them like meand~i g t a 
streets of some old ruined city. The view from either end, tha is from 
the north end southward, or the south end northward, is very fine, ~·at 
presenting a confusion of unique forms, the varieties of col@r r~d, mot~ 
tled, &c., adding mueh to the picturesqueness of the scene. 'lhe roof
like sides of many of these broken ridges are peculiarly marked by the 
vertieal furrows down which the rains of heaven have fallen for ages. 
The opportunity for the study of forms presented here would rouse the 
enthusiasm of the artist to any extent. It was difficult to estimate the 
thickness of the Red group, but it appeared to be at leasij 1,500 or 2,000 

- feet. The ridges of No. 1 Cretaceous outside formed a continuous wall 
about 30° dip. Tl.te Jurassic as well as Cretaceous beds are well shown. 

From the divide between the South Platte and the Arkansas there 
is a marked change in the character of the sediments composing the 
rocks above those, usually understood as Cretaceous. This divide rises 
from 1,000 to 1,500 feet above the valley of the Platte, near Denver, 
and also about the same elevation as at the north end of the valley 
of the Arkansas, near Pueblo at the south. The strata are very 
nearly or quite horizontal, except near the base of the mountains, 
where they have, in many instances, been slightly disturbed. The full 
series of beds from the Red Triassic to the summit of No.5, iiiclusive, 
are quite well shown to be the main water-divide near the source 
of :Monument Creek, though obscured here and there by a modern de
posit of what seems to have been swept from the mountains, and must 
be of the Post-Pliocene age. This latter deposit is made up of the de
composed feldspathic granites and schists of which the immediate foot
hills of the mountains are composed. The red beds also have contrib
uted their portions to this modern deposit. From the source of Plum 
Creek to the Arkansas it seems to have filled up the irregularities of the 
surface more op less, and it is only when 'it has been swept away that 
the outcropping edges of the ridges are exposed. There is a certain de
gree of obscurity about the geology of this district. The modern ap
pearance of the group of coarse sandstones and conglomerates above the 
true Cretaceous beds and their position ·with reference to the granites 
induced the belief that they belonged to the Miocene period, and in my 
third annual report of 1869 I gave them the .name of the" Monument 
Creek group." For a distance of from fifteen to twenty miles they ap
pear to jut up against the base of the mountains with an inclination of 
not more than 150 at the highest, and usually not more than 30 to 50 ; 
and there is also an apparent unconformability with the older formations. 
For example, the red sandstones at the north end lie on the sides of the 
granite foot-hills at an angle of 70o to soo, and suddenly disappear under 
the nearly horizontal beds of coarse quartzose-sandstone. It is out of 
these sandstones that meteoric agencies have carved the remarkable 
forms which h~tve given names to the little streams and other localities 
in this region. There is one locality in the valley of Monument Creek 
called 1\ionument Park, from t.he great number of columns which are, 
standing thickly over the surface, each one surmounted with a cap of 
harder material. The shaft of the column is usually thick at the base, 
rising up 10 to 20 feet, tapering to the cap, composed of a. coarse ag
gregate of quartz-grains, small pebbles, all water-worn, very loosely held 
together with rather coarse sand cement. The cap is a deep rust color, 
~omposed of sand cemented with oxide of iron, and by its greater 
hardness has resisted more effectually the eroding agencies. I cannot 
believe that all the effects which we now see were accomplished by the 
ordinary atmospheric influences at present in operation in this region, 
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although the air, rain, and snow may have done much to give the 
monuments their present forms. The greater portion of the erosion 
must date back into the past, at least to the Post-Pliocene period. It is 
very probable that water had much to do with the formation of these 
monuments at a time when there was a far greater supply here than 
there is at · this period. The entire surface of the country must have 
been on_ a level with these caps at least, and probably much higher. 
The caps themselves are nothing more than concretions mostly rounded 
and flattened, while intervening materials have been slowly worn out 
and carried away. There is another form of erosion which is character
istic of this formation, and that is the mesas, or table-buttes, which are 
scattered thickly over a broad belt east of the Denver and Rio Grande 
Railroad. Most of these mesas are capped with a purplish porphyritic 
basalt wl1ich originally flowed over the surface, doubtless covering a 
broad area. These buttes, with their fiat summits, were also carved 
out of the horizontal strata, and vary in height from 100 to 150 feet. 
The rocks composing the "mesas" are mostly of a finer material ; and 
above the coarse sandstones of the monuments some of these mesas 
are nearly round, others square, others oblong, On the east side of 
Monument Creek and near the divide they assume curious castellated 
forms, so that they look in the distance like the ruins of old castles. 

·These may be seen in considerable numbers in the distant plains as far 
south as Colorado Springs. There is a large area in the plains east of the 
Denver and Rio GrandeRailroadline,from Denver to the Arkansas River, 
which is not well known to the geologist as yet~ The pine-covered ridge 

, from which so many streams rise flowing northward into the South Platte 
and south into the Arkansas, forming what is located on the maps as 
the Bijou Basin, must be underlaid by rocks which I regard as belong
ing to the Monument Creek group; whether this group as shown here 
is only a portion of the great Lignitic group or not, the few obt5erva
tions we have made do not deter.mine. The plants found in a number of 
localities in Monument Creek Valley and near Colorado Springs indi
cate that it is a part of that group-perhaps the upper portion. This 
group contains beds and seams of impure coal, with deciduous leaves, 
some of which are identical with species occurring in the Lignitic strata 
from New Mexico to the Upper 1\fissouri. Indeed, the general aspect of 
the rocks in this region is much like the Lignitic group on the Yellow
stone and :Missouri Rivers near their junction and in the vicinity. The 
1\fonument Creek group has not yet yielded many fossils, and these are 
not usually well preserved. The rocks are extremely soft, usually dis
integrating ea~Sily, and too coarse in texture to preserve plants well. Not 
an invertebrate fossil bas been found as yet, though it is supposed that 
some very interesting vertebrate remains came from it. More careful 
explorations will undoubtedly reveal the existence of fossil evidence. 
Plants are abundant in several localities, and other forms will most prob
ably be fouud farther east, toward the interior of the basin. 

Unless these deposits are of modern Tertiary age I am at a loss to 
account for their position in relation to the metamorphic foot-hills, as 
well as the older sedimentary beds. A great portion of the Lignitic 
group bas been lifted up at a moderately high angle, as is shown on 
either side of the divide, but for about ten to twenty miles a group of 
beds of very coarse texture, an aggregate of crystals of quartz and feld
spar, jut up against the sides of the mountain at an angle of nearly 15o, 
but usually not more than so or 100. The beds which lap immediately 
on the metamorphic rocks have the appearance of coarse feldspar 
granites, and as we recede eastward from the base of the mountains 
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the sediments become finer and finer, until the whole group contains a, 
very small portion of the coarse aggregate. It would appear that the 
sediments of these beds were derived from the mass of metamorphic 
rocks in the vicinity after they had risen to or near their present eleva
tion. 

The variety of coloring is not so well shown in the :Monument Creek 
group as in the Triassic sandstones of Pleasant Park. The metallic 
oxides have given a good share of beauty to the former, enhancing the 
attractions of these singular f.r:-eaks of nature. Pleasant Park is located 
among the uplifted ridges of the Triassic, Jurassic, and Cretaceous 
groups, and the peculiar forms that are worn out of the variegated sand
stones are not even as wonderful as the variety of rich, beautiful shades of 
coloring. Far north of this point, and south, in the Garden of the Gods, 
and many other localities, the red sandstones are displayed on a grand 
scale, but nowhere else are the rich colors, consisting of all shades of red, 
pink, yellow, gray, and w bite so well shown. The tints were unusually 
vivid, and contrasted so as to produce fine effects. This whole region 
would be a paradise for an artist. The unique forms which have been 
carved by· the elements out of the sandstones are most conspicuous. 
Near Koontz ranch is a group of w-eathered masses of sandstone that 
look like hay-stacks. These rocks are stratified, with the layers in
clining from the mountains to the east 100. 

The next point of interest is the district around the east base of Pike's 
Peak, in the valley of the Fountain Creek. This little stream rises up 
in the mountain-range of whi<fu Pike's Peak forms a part, flows south
east, cutting through the upheaved Sedimentary ridges, after emerg
ing from the mountains, nearly at right angles. The ridges on the 
north side of the creek trend a little east of south, but immediately 
on the south side flex toward the mountains at a sharp angle, 
trending west of south and very soon apparently striking the granite 
mountain-sides and are thus cut short off. The entire group thus forms 
an obtuse angle, and Fountain Creek has carved out its channel pretty 
directly through the angle. The channel therefore affords a most excel
lent opportunity for the study of the formations in their consecutive 
relations. But the question arises, how is it that they are developed to 
such an enormous thickness so suddenly~ Has there been an increased 
deposition of sediments at this particular locality ~ I have already 
alluded to the absence of all rocks below the supposed Triassic or red 
beds along the flanks- of t~e mountains from the Union Pacific Railroad 
to Colorado Springs. We may, then, ask why it is that there should be 
exposed here so suddenly, not only an unusual development of th.e Tri
assic or red group, but below it 1,000 to 1,500 feet of reddish and gray 
sandstone-quartzites with intercalated beds of clay of varied thickness, 
probably Carboniferous, and below this a group ·of limestones more or 
less impure resting unconformably on the :Metamorphic rocks contain
ing well-defined Silurian fossils. There cannot be less than ·4,000 feet 
of sedimentary beds below the Cretaceous No. 1 exposed in the valley 
of Fountain Creek, while for a distance of one hundred and :fifty miles 

. north of this point the aggregate thickness of the Triassic and Jurassic 
groups is probably not over 1,500 feet at any locality. The little streams 
that flow down from the mountain-sides have cut deep canons through the 
Silurian beds as they lie high upon the granite foot-hills, and deep into the 
granites also; so that the opportunity for special studies is as complete 
as could be desired. Most excellent sections can be obtained in Williams's 
Canon, Chi ann Canon, and in a dozen' gorges extending along the moun~
ains for about five miles. 1\fy time was so limited that, even with 
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the facilities afforded by these natural sections, only a partial examina
tion was made. There is an area here of about ten or fifteen miles square 
that must ever remain an interesting field for the practical geologist 
and deserving of a special exploration. One may follow Williams's 
Canon up two or three miles above the springs through a narrow gorge with 
walls rising 300 to 500 feet on either side. At the entrance to the canon the 
red beds rest on a yellow-gray limestone which passes down into an 
arenaceous limestone with a reddish tinge containing well-marked Silu
rian fossils. The inclination of all the beds is about 35°, and the mass 
pms high up on the mountain-sides, resting unconformably on the 
coarse feldspathic granites, as shown in the illustration. The lo,vest 
beds of sedimentary rocks are rather coarse sandstones, and conglomer
ate made up of water-worn quartz-pebbles, with very irregular laminre 
of deposition, the whole reminding one of the Potsdam group. About 
two miles up the calion the Silurian beds, inclining southeast 8° to 100, 
rests on the feldspathic granites, which are most distinctly stratified, . 
the strata inclining about north 350, The sedimentary beds fill up in a 
remarkable manner the inequalities of the original surface of the meta
morphic rocks. The Silurian group was noticed ,by me in 1869, and a col
lection of fossils was made, but the fossils were not identified by Mr. 
Meek until it was too late to use them in my third annual report. In 
the. fourth annual report, 1870, on page 295, several species of Silurian 
fossils are mentioned by him belonging to th~ collections from this 
locality. One of the species, according to Mr. 1\feek, is a. well-known 
form in the Calciferous group of New York, Ophileta complanata. 

There is considerable variety in the aggregate of beds here, which 
may be, regarded as Silurian, and we may conclude that the Potsdam · 
group is quite well represented, and that it is possible that some of 
the higher divisions occur. These rocks require a still more careful 
study, yet it is an interesting fact to know of the~r existence in this 
locality. In the lower sandstones I found a species of Lingula, the pres- -
ent season, probably a Potsdam form. I have never known of any Car
boniferous fossils being found here, but I am confident that. there are 1,000 
to 1,500 feet of these beds· between the Silurian group and the true red 
beds or Triassic.- They are composed mostly of .sandstones, quartzites 
with partings of clay variegated. About four miles to the north the 
Silurian limestones form high ridges on the sides of the mountains for 
a short distance, then disappear entirely. There seemed to be an ap
parent unconformability here. I studied the structure of the upturned 
edges from every point of view, and I could not decide on a real non
conformity. There were localities where the Silurian group is .entirely 
separated from the red beds, and inclining at different angles, but at 
the upper end of the "Little· Garden of the Gods'' the order of sequence 
appeared to be unbroken. We may now ask how 2,500 to 3,000 feet 
of rocks disappear so quickly and mysteriously, as we go north of 
Fountain Creek. The red sandstones that we have been in the habit of 
·regarding as Triassic rest upon the granites as if they had been deposited 
there by water originally, but partook of the elevation of the mountain-
range. We may suppose that the Silurian beds once covered this entire 
region, and that over large areas they were worn away prior to the 
deposition of the overlying beds, and that the portions we see at this 
locality are remnants that escaped the great erosions, or we may suppose 
that they were not deposited. I believe the former is the true inter
pretation, that the Silurian rocks once cover~d the entire country and 
may still exist to a greater or less extent · under the vast thickness of 
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more modern beds which hnderlie the plains from the east base of the 
mountains to the Missouri River. 

The plateaus between Monument Creek and tbe upheaved ridges are 
formed to a great extent of a thick deposit of materials of quite modern 
origin. There are ashen-brown and gray clays covered with a consid
erable thickness of a sort of unstratified drift material, composed mostly 
of the debris of the Metamorphic rocks, the red feldspathic predomi- · 
nating. _ This curious deposit fills up the inequalities of the surfac~ in _ 
many places produced by the disturbance of the older sedimentary beds. 
Between the railroad-depot at Colorado Springs and the" Little Gar
den of the Gods," the road passes over a beautiful plateau, from which 
the view of the country in aU directions is exceedingly fine. This pia" 
teau is underlaid _by the modern deposit, and here it must reach a 
thickness of 200 to 400 feet at least, and possibly more. The origin and 
time of this deposit is somewhat obscure as yet, but an attempt will be 
made to clear up its history in another place. It is undoubtedly Post
Pliocene, and belongs to some portion of the Post-Glacial era of this 
region. The deposit may be seen with a greater or less thickness all 
along the eastern flanks of the mountains, ·and is composed of the ma
terials worn from the rocks in the immediate vicinity. In treating of 
the influences of water and ice in carvjng out the present mountain
forms, I shall dwell more fully on this subject. 

CHAPTER II. 

'COLORADO MOUNTAINS, SOUTH PARK, PARK RANGE, UPPER ARKAN
SAS VALLEY. 

In order that the annual reportu may be read with greater interest 
by the general public, I have presented the matter in a narrative form 
as far as possible, stopping here and -there to discuss a topic more in 
detail as it is suggested by some peculiar feature along the route. This 
plan has enabled me heretofore to introduce more readily local details 
of interest, both of a practcal as well as scientific nature. 

Our starting-point was Denver, the most important town in Colorado. 
The country between Denver and the mountains has already been de
scribed in so much detail that we will hasten on toward the South 

·Park by the old stage-road. After passing the base of tlio_ mountains 
we meet with only changed rocks, until we descend into the depression, 
or basin, known as the South Park. The metamorphic schists and 
granites in their almost numberless varieties which compose the central 
portions of these mountain-chains will be discussed by Mr. Ma:rvine, who 
spent most of the season among them. 

We entered the mountains by way of the Turkey Creek Canon ; here 
we had a most excellent opportunity to study the connection of the 
Triassic rocks with the underlying metamorphic. The coarse sediments 
of the Triassic were deposited upon the irregular surface of the schists, of
tentimes filling up deep depressions. The canon has been carved out of the 
schists so that they can be studied with ease on either side, and as the 
stream passed through the sedimentary beds toward the plains the most 
perfect cross-sections were made. The stratification of the schists is 
even more distinct than that of the sedimentary .beds. The south side 
of the canon is very rugged and precipitous; the inclination of the schists 
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is such that the basset edges project from the south side, while ou the 
north side the slope is quite moderate. The canon is partly one of 
fracture as well as erosion. The stream has not cut the strata quite at 
right angles, but slightly across the dip. The principal rock is a very 
hard, black gneiss or schist, with seams of yellow feldspar, varying from 
a few inches to several feet in thickness, running across the strata at 
different angles. Some of the seams contain quite large masses of 
quartz, but feldspar predominates. Sometimes the quartz is interstrati
fied with the schists for a short distance, running out, however, at both 
ends. In cutting the road along the north side of the Turkey Creek 
Canon an old dike is exposed, with feldspathic quartzite on one side and 
a seam · of feldspar on the other. The dike-matter is filled with masses, 
of greater or less size, of the adjacent schists. 'Ibis dike would never 
have been exposed but for the wearing out of the gorge by water and 
ice. Igneous rocks of different ages are thus exposed at various locali
ties all through this front range; seams of quartz or feldspar are so 
numerous, intersecting the schists in every direction, that it would re
quire a most detailed study to describe them properly. Pockets of 
mica occur frequently in these seams. About a mile up the canon are 
two dikes of syenite 10 to 15 feet wide, rising up in the form of a wedge, 
but separated by about 8 feet of feldspathic granite. The schists here 
present to the ·eye the appearance of utter chaos . . The study of the 
details would reveal a warping of the bedding ~hat would be quite 
remarkable. Layers several feet thick are warped, or dished, at least 
half the circumference of a circle. The aggregate inclination seems to 
be 200 east of south. The lower thin layers of schist are in some places 
crushed in a remarkable degree, while higher up toward the summits 
are thi~k massive beds of feldspathic granite in a horizontal position. 

For about five miles up the canon the scenery is very rugged on both 
sides, the valley widens out somewhat, and the mountains on either side 
soften down and are covered more or less with debris and thin soil, on 
which grow grass and pine trees. Near the junction and for some miles 
beyond the rocks are massive granites, of which the:· great mountain
peaks in the vicinity are composed. The surface is covered with groups 
of weather-worn granitic masses resembling old ruins. The· peculiar 
forms of these masses determine to a great extent their texture. The 
coarse feldspathic granites disintegrate easily, and peel off in thin, cir
cular layers, giving to them a smooth, rounded appearance, while the 
finer-grained, more compact granites are still angular. The varieties in 
texture give form co the surface-scenery over a very large area, and no
where is this fact better illustrated than in these mountain-districts. 
The great orographic lines were undoubtedly determined by upheaval, 
but the present surface-forms were due largely to erosion. We shall 
endeavor to show, from time to time, that sufficient ·importance has 
never been attached to this agent in molding the lineaments of the 
earth's surface; that although the proofs of ·upheaval are everywhere 
apparent, and in many localities most probably those of depression, yet 
the immediate forms of the surface thus produced have almost entirely 
disappeared under the effects of erosion or weathering. Many of the 
water-courses have probably followed lines of fracture, so that the two 
agents, upheaval and erosion, may have united to produce3 many of the 
mountain-valleys. There is one interesting feature in connection with the 
mountainous districts of Colorado, which is now apparent in the valleys 
of the Colorado or front range. These grassy areas are fast being 
occupied by a mountain-population, sparse, it is true, but a very thrifty 
one. The grass not only covers the valleys in the elevated regions, but 
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grows high up on the mountain-side; so that it is remarkably well adapted 
for dairy purposes. A large amount of the best butter and cheese is 
made, and the demand is greater than the supply, as yet. 

Most of the hardy garden-vegetables and some of the cereals grow 
well at an elevation of 6,000 to 8,000 feet. These mountain-ranches are 
every year filling up the more elevated regions of Colorado, so that we 
may conclude that no portion of the Territory, even aside from the min
eral wealth, is practically unavailable to man. 

From the high mountain-hills that border the north side of the South 
Park we have a fine view of the great basin-like depression. The sur
face of this basin is not entirely a plain, but is covered to a greater or 
less extent with low ridges and hills, which trend about southeast and 
northwest. The dish-shaped character of the depression, as well as its 
origin, is plain, when we come to examine the, borders. We find the 
sedimentary rocks lying high up on the sides, showing clearly that these 
strata incline· in every direction toward a common center. In other 
words, the South Park may be regarded as an immense quaquaversal. 
On the north border, the sedimentary rocks are very much obscured by 
the great deposit of mountain-drift and the igneous rocks that seem to 
concentrate there to a great extent. Fragments of . sandstone, appar
ently of the Triassic group, cover the hills, and here and there we see 
an outcrop of the main beds, but not sufficient to make a connected sec
tion. At one locality t.here was a circular depression surrounded with 
a wall of. trachyte, with a small lake in the center, which was undoubt
edly an old crater. There is also· a great thickness of trachyte here in 
layers, varying from an inch to a foot in thickness, inclining_ from the 
bill at first 45°, then increasing to 65o, showing that after the first out
flow had cooled there were subsequent outflows elevating the cooled 
portions at a high angle. 

Passing along the road to the southwest, toward Fairplay, we see all 
along the bo~ders of the park a terrace, which seems to have such a 
uniformity of level that it points to the existence of a lake here a-t a 
comparatively modern period. There is also a very beautiful valley-like 
area here, which occupies about one hundred square miles. Near Lech
ner:s ranch a shaft has been sunk about 30 feet deep, cutting a coal-bed 
about 12 feet in thickness, with a dip of 450 northeast, and a strike 
south 45° east. The clay above the coal is about 6 inches, and be
low the coal 10 inches thick. Below the -lower clay is a sandstone, at 
the bottom of the shaft, and above the upper clay a bed of yellow soft 
sandstone. About 200 yards to the west another shaft has been sunk, 
exposing a bed of coal 6 feet thick. I am inclined to think there are 
two different coal-beds here, though there may be but one. The slope 
underlaid by the coal strata extends up close to the sides of the mount
ain, and the surface is so covered with drift that it is only by means of 
these shafts that the r~ignitic beds can be seen at all. . A few fragments 
of deciduous leaves have been collected here, showing clearly that .a 
portion of the Lignitic group, as seen on the east side of the mountain
range, occurs here. 

As we pass along the road to Fairplay, we travel over the entire series 
of sedimentary beds known in the park. Long ridges extend across the 
basin, composed of the black shales of the Cretaceous, containing Inoce1·a-
1nus, Qstrea, Scaphites, the well-known Baculites 01Xttus, &c. The entire 
series of Cretaceous, Jurassic, and Red or Triassic group are well shown. 
Toward the center of the park are some long ridges of trachyte, which 
must have been produced by the outflow of igneous matter from an ex
tended fissure.· The sedimentary beds are exposed more or less all along 
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the east side of the park. They slope up close on to the east side of the 
Park range, but the wash or drift from the mountains has so covered 
the slope that the beds in contact with the Metamorphic rocks can sel
dom be seen. 

Along the valley of the Platte the drift-material, consisting mostly of 
water-worn bowlders, is immense. The entire mass of drift-deposit, in 
which the placer diggings are located, has been washed down from the 
valleys of the little streams of the South Park. The local origin of 
the drift, so far as our Rocky Mountain districts are concerned, is illus
trated in a remarkable manner in the park. 

The area of the park is about 1,200 square miles; its greatest length 
is northwest and southeast, about forty miles, and in the opposite 
direction about thirty miles. The shape is elliptical. The general ele
vation varies from 8,000 to 10,000 feet above the sea. The drainage is 
from the northwest to the southeast. Before . presenting any details of 
the geology of the Park range I will state briefly what I believe to be 
its relation to the great Sawatch range, on the west side of the Arkan
sas River. I am of the opinion that the Park range is a portion of a 
gigantic anticlinal, of which the Sa watch range is the central axis; that 
the Park range fs a portion of the east side of the Sawatch range, and
that the great valley of the Upper Arkansas is mostly 'the result of ero
sion through the granite rocks. The eroding agents began their work 
in a fissure produced by the uplift, but once a depression . or opening 
formed for the accumulation of water and ice, the work of disintegra
tion would commence. The subject of earth-sculpture, or erosion, as it 
is illustrated in myriad forms in the Rocky :Mountains, and nowhere in 
the West on ~) grander scale than in the mountains of Colorado, will be 
touched upon frequently in this report, and will be treated more fully, 
under a separate head, at some future time. 

The Park range is very irregular in elevation. Portions of it are low, 
w.hile several peaks rise about 14,000 feet. J\iount Lincoln is 14,183 feet, 
and upon the very summits are found the sedimentary rocks. The 
action of the internal forces has been very irregular also, sometimes lift
ing the granite nucleus up to an elevation of 12,000 to 14,000 feet in 
the form of puffs, as it were, the sedimentary beds inclining at various. 
angles and in different directions from its sides. The aggregate inclina
tion of the strata is plainly to the eastward, and the gentle slopes are 
oii the east side of .the range, while on the west the sides are very ab
rupt, and in some instances the rocks overhanging, so that the general 
form or outline of the Park range would indicate that it might be 
regarded as a p6rtion of an anticlinal. 

All along the east side of the Park range are numerous gorges, which 
extend down from the crest and gradually expand out into moderately 
wide grassy valleys. Immediately after leaving the gorge, however, 
the drift-material is very great, covering the valleys and lying high 
upon the mountain-sides. These gorges usually commence near the 
water-crest in a somewhat extended ~mphitheater, which is constantly 
enlarged by the breaking down of the sides. These gorges all point to 
a common origin, and have no doubt been carved out by thecombined 
action of water and ice. The morainal matter brought down by the old 
glaciers is shown most abundantly in the lower portions of these gorges 
as they expand out into the valleys that open into the plains. The evi
dences of ancient glacial action are quite abundant all through the 
Park range, but far more remarkable proofs are found in the Sa watch, 
range. These facts will be noted more fully in another place. 

From Fairplay we follow up the valley of the South Platte for ten 
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miles, and arrive at the base of one of the spur:S extending from Mount 
Lincoln, known in the country as Mount Bross. The entire mountain 
is so thickly covered with surface-deposits that the angularities are · 
smoothed off, and the grass and · flowers are quite· abundant almost to 
the summit. We find, however, on the summit, and around the sides of 
the upper portion, remnants of the sedimentary beds, quartzites and 
limestones, but the nucleus is a schistose granite. Silver-mines are 
opened everywhere on the sides both of Mounts Bross and Lincoln. 
On the latter peak there are mines of considerable value, which are 
wrought by a company, full14,000 feet above the sea and within a few 
feet of the summit. The Montezuma mine is located within 100 feet of 
the top. The silver-ores are confined mostly to the limestones and 
quartzites, and are segregated, as it were, in the fissures in the most 
irregular manner. There seem to be no regular lodes, but they are like 
the silver-mines in the limestones and quartzites of Utah. Indeed, the 
formations are so similar that a description of one locality would apply 
substantially to the other. The mountain is composed mostly of schist
ose gneiss, with the lines of bedding very distinct, and unconformably 
upon it rest the secondary beds. The quartzites, mostly crystalline, 
partially changed by heat, rest on the edges of the schists, then comes a 
blue impure limestone full of pockets and seams of quartz. Above 
comes a thick bed of quartzites again, the whole mass a thousand to 
fifteen hundred feet in thickness. The summit of the mountain is a 
dike of porphyritic granite, which seems to have burst up in the form of 
a wedge through all the sedimentary beds. The sides and summits of 
the mountain are so covered with the broken masses of rock, mingled 
with igneous, granitoid quartzites and limestones, that it is very diffi
cult to obtain a clear section. On the east side of the mountain a sort 
of gorge bas been worn deep down between Bross and Lincoln, expos
ing in the vertical sides the order of superposition quite clearly. 

The view from the summit of 1\fount Lincoln is wonderful in its ex
tent. To the east, far distant, is distinctly seen Pike's Peak, with the 
contiguous ranges which border the east side of the park and extend 
northward toward Long's Peak, all of which are granitoid. On the 
west and north west side of the park is a vast group of high mountains, 
gashed down on every side with deep gorges with vertical sides, reveal
ing the strata of quartzites and limestones resting on the schists with 
dikes of the trachyte. To the southward can also be seen the granite 
nucleus, a remarkable range of mountains, the Sa watch, which, with its 
lofty peaks-among them Mounts Yale and Harvard-looms up like a 
massive wall, with a wilderness of conical peaks along its summit. To the 
east and southeast the park lies spread out to the view with its variety 
of low ridges and meadow. These ridges are composed of aU the sedi
mentary beds uplifted known in this region. Some of them, covered 
with basalts, with a trend nearly north and south, extend in regular 
order far across the park, eastward. From the top of 1\iount Lincoln 
more than fifty peaks rising to an elevation of 13,000 feet an~ upward, 
and above two hundred over 12,000 feet, can be seen. Probably there 
is no portion of the world, accessible to the traveling public, where 
such a wilderness of lofty peaks can be seen within a single scope of 
the vision. 

The limestones and quartzites incline down the north slope of Mount 
Lincoln to Hoosier Pass, which separates the waters of the Platte from 
those of the Blue River. The trend of the curious dike that caps Mount 
Lincoln is about southwest and northeast. Silver-ore occurs to a great 
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extent in pockets, some of which is very rich, yielding $500 to the ton. 
Much of it is the decomposed carbonate, like the gulch-ores. 

On the east side · of Mount Bross is located the Moose mine, which 
has yielded · a large amount of valuable ore. The greater part of the 
ore is taken from the limestone. Before going further I will state what 
I believe to be the age of all the limestones and quartzites which seem 
to cover the highest mountains, and in which most of the valuable 
mines are · found. I think there is no doubt that they belong to the 
Potsdam group, though I was unable to discover any fossils. Doctor 
Peale found a few obscure forms which indicated that the group is of 
the same age as those next to the granites in Utah, which we now know 
are of that age. In Mosquito Gulch we find the sedimentary beds dip
ping southeas\ 20° to 25o, and toward the head of the gulch the schists 
incline 150 in the same direction. There are most remarkable faults by 
which the mass of sedimentary beds are dropped down 200 to 400 feet 
directly, so that the schists jut up against the limestones or quartzites; 
.these faults are very common. The underlying metamorphic rocks are 
made up in part of quartzitic sandstones, full of rounded pebbles of 
quartz, which would indicate· that they might belong to the Lauren
tian series. The slides in this gulch are a prominent feature. Im
mense masses have slidden down from the sides of the mountain, in 
some instances a thousand feet or more, forming irregular terraces. 
The faults are really very remarkable on both sides of the gulch. The 
slides produce broad depressions near the base of the walls, in which 
the waters acc{!.mulate, forming lakes, and these are the sources of 
the little streams. The hundreds of gorges which have been carved 
deep down into the sides of the mountains form channels for the little 
streams that are fed by the melting of the snows near the crest. All these · 
little streams eventually uniting form the larger streams that traverse 
the plains. Each one of these little branches starts from one of these 
small emerald lakes, far up in the amphitheater, near the very water
divide. Thus we can see that the miniature lake is a prominent feature of 
mountain-scenery, and from the summit of some high mountain-peak 
hundreds of these little emerald lakes may be seen nestled high up in 
the very bead of the gorges. They are not large, varying from 100 feet 
in diameter to half a mile or a mile; seldom more. On the summit 
between Mosquito, Birdseye, and Evans Gulches, ·broken masses of .the 
quartzites and trachytes seem to have moved down a considerable 
distance from their places, and are deposited in the form of windrows, 
as if there had been glacier movements here. It is undoubtedly due to 
the combined action of water and ice, so that there was a slow 
movement of the masses of ice and snow down the slope, and in · 
gradually melting left those singular rows of rock. At the head of 
Evans Gulch there is a fine exhibition of a dike parallel with the 
strata in a nearly vertical wall 2,000 feet high. The quartzites and 
limestones pass beneath 1,000 to 1,500 feet of trachyte; The latter 
present the appearance of having been elevated with the stratified 
rocks, and incline in the same direction. The dip of the trachyte is 100, 
and the underlying limestones and quartzites about 100 to 15o south
east, then about 1,000 to 1,500 feet of the quartzites and limestones. There 
is here a portion that inclines in an opposite direction, west, toward 
the Arkansas, but this is probably caused by the sliding down of the 
mass. The drainage of Evans and Birdseye Gulches :flows into the Ar
kansas. Great masses have fallen down on the sides of the mountain, so 
that prodigious faults occur everywhere, and the form is that of irregu
lar steps. Although examinations were made here in midsummer, yet 
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the sides of the mountains were covered with little streams of water 
fed by the melting of the snow, and the great loose masses of super
ficial earth and fragments of rock moved slowly down the slope like a 
glacier. 

One of the peculiar geological features in this range is the trachytic 
beds, which appear to be interstratified with the older sedimentary 
rocks. 'rhese igneous layers vary much in thickness, and appear or dis
appear, reach a thickness of 1,000 feet or more, and diminish in a short 
distance to a few feet, or disappear entirely. .And yet, upon the out
cropping face of the great uplifted ridges, or in the deep gulches where 
not unfrequently 2,000 vertical feet of rocks are shown in their order of 
superposition, these trachytes seem to have flowed out over the surface 
of the Silurian quartzites, or; in other words, are interstratified among 
the old Silurian limestones and quartzites, as if they might be of the 
same age and have been elevated with them. it is probable that they 
are not older than the Tertiary period. 

On the summit of the pass or divide between Mosquito Gulch and 
Evans Gulch, where the great vertical walls which face the .Arkansas 
are so well shown, we have several hundred feet of the quartzites in
clining at a small angle, and .resting directly on a great thickness, 800 
feet at least, of unstratified trachytes. .At the base, resting on the schists, 
are quartzites with micaceous sandstone; pudding-stones, made up of 
rounded pebbles of quartz, passing up gradually into a yellow arenaceous 
limestone, then into a blue limestone rather cherty, then up into a brown 
quartzite upon which the trachytes rest. This p~culiar structure in
cludes all the prominent peaks of this range, extending in a nearly north 
and south line from Buffalo Peak, south, to Quaridary,north, and I know 
not how much farther. There are so many .points dependent on the com
pletion of the, topographical maps, and the detailed reports of the assist
ant geologists, that these preliminary reports must necessarily be very 
imperfect. The summing up of these detailed and preliminary reports, 
which must constitute our final labor, will unite the whole work, the 
same as the great preliminary triangulations link together into one 
whole the detached topographical districts, on the final map . 

.An examination of the map will show the water-divide l.Jetween the 
source of the South Platte and its branches and the .Arkansas. Each 
one of these little streams cuts a deep gorge from the crest down 1,000 
to 2,000 feet, with more or less vertical walls on either side. Nearly all 
of these gulches, or gorges, have been worked for gold, and the moun
tains prospected for silver; thus the miners have given them local names 
the origin of which is in most cases obscure. The superficial deposits 
have been in manY. cases almost entirely worked over by the enterpris
ing miner for gold. Placer-mining all over this region has yielded 
great and brilliant results, but of course they can never be . of a per
manent character. All along the west side of the Park range, frotn 
Quandary Peak to Buffalo Peak, we pass from one·gulch to another in 
quick succession; each one of whicl;l has employed the enterprising 
miner to a greater or less extent in search of gold. Not less so the east 
side; but we will follow our line of travel, examine the west ~ide for a 
time, and then return to the east slope again. 

One of the most noted of the mining gulches in Colorado is the Cali
fornia Gulch. About four millions of gold have been taken out of the 
placers. There are a few parallel lodes that run about 10° west of south . 
and east of north. Three of the lodes would average about 10 incb~s 
between walls. The Five-twenty lode has been worked to the depth of 
125 feet and 200 feet in length. The Pilot is a ''chimney" lode, and is 
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sometimes 80 or 90 feet wide, then closes up and disappears. About 
$40,000 of gold has been taken from it. Many of these lodes spread out 
in every direction in small branch seams, and lines of fracture run in 
every direction, filled with ore, occasionally very rich. Sometimes these 
branches will come together in one lode and again spread out, thus be
coming a great source of perplexity and cost to the miner. The Printer 
Boy is probably the most valuable lode in this gulch, and has yielded 
rich results to the company. It is managed by two very polite and in
telligent gentlemen, Mr. J. Marshall Paul, formerly o'f Philadelphia, and 
1\:t:r. Charles Hill. This lode has now been explored for a horizontal dis
tance of 3,000 feet. The width between the walls varies from 4 feet to 
10 or 12, but sometimes pinches up to not more than an inch. The 
group is mostly decomposed clay with now and then masses of quartzite. 
One hundred and twenty thousand dollars of gold have been taken out 
of this lode, which inclines about 60 to the west. Carbonates of cop
per and lead, iron pyrites, zinc blende, &c., are found. The walls are 
remarkably well defined. Up to this time only the decomposed ore has 
been taken out. There is connected with this mine a successful15-stamp 
mill, to which 10 stamps more are to be added. It is supposed there 

. that the yield of gold will be $1,000 per day. In California Gulch, as in 
all the other gulches, the drift material is very great and entirely local. 
Trachytes, quartzites, and some limestones compose the rocks; the iron 
ores are abundant, and in the lodes there is much iron pyrites. The 
vast amount of the oxide of iron, mingled with the loose detrital deposits, 
gives character to them. The clays have an intense rusty-yellow color, 
and the broken rocks and pebbles are often cemented together into a 
conglomerate. 'fhe oxide of iron covers and permeates all the superfi
cial deposits, which are very thick. These thin out toward the head of 
the gulch, but thicken down to the expansion of the gulch into the 
Arkansas Valley. 

At. the bead of Stray-Horse Gulch a very valuable iron mine has been 
opened. Tlle stray masses of hematite that cover the surface, mingled 
with the drift, are abundant. but the detached masses from the moun
tains cover the lower portion of the slope to such an extent that, even 
in the channels of the little streams, it is difficult to find the basis rocks. 
The prospector followed the float-ores up to a certain elevation on the 
side of the mountain, and where it ceased to appear he sunk a shaft 
and found the vein at no great depth. This vein is well shown in places 
in Iowa Gulch, extending direct1y across the strata in a direction a little 
west of north and east of south, and here it is at least 100 feet in thick
ness. It appears high up in the south wall of the gulch, so that its 
relations with the other rocks are apparent. The vein is at least 100 
feet in width, and ·reust have been segregated in a great fissure passing 
down through the quartzites into underlying schists. It must extend 
along the sides of the mountain for several miles, for the distance from 
the opening near Stray-Horse Gulch and Iowa Gulch is about six miles. 
This indiCates a vast body of iron ore in this region. The iron-ore bed 
trends about north and south, and extends down nearly vertical through 
,the quartzites. The iron ore is said to carry gold e.Q.ough to pay mod
erately. Excellent gal'ena, carrying silver, is found in the quartzites 
near the iron vein. 

On the south side of Iowa Gulch there is an immense accumulation 
of trachyte, gneissic, and quart~ite bowlders, the former predominating. 
The quartzite has fallen down from the . north side of the gulch, while 
the gneiss has been brought down from the head of the gulch by glacial 
action. In the side of Iowa Creek we find the blue limestone lying 
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over the speckled trachyte, quite compact, without Jines of bedding, 
and much changed, showing the effect of the igneous rocks below. We 
can see here that the igneous rocks must be of com!>aratively modern 
origin, and must have been intruded between the ,strata, forming a con
spicuous agent in the uplift. 

At the head of Iowa Gulch, on the south side of the stream, the mas
sive granites rise up 1,000 to 1,200 feet, with a cap of the quartzites. 
It is from this exposure that the great masses of granite scattered over 
the lower portiou of Iowa Gulch were derived. At the head of the 
gulch the strata are greatly faulted. The varieties of texture in the 
granites are numerous, and it appears more massive and older than any 
before seen in this range. It is much broken by irregular jointing, but 
no lines of bedding can be seen. The great amount of broken masses, 
most of them more or less rounded, which are scattered ~Jver the sides 
and bottom of these gulches, is marvelous. There is less of this glacial 
evidence in the California Gulch than in any of the gulches on either 
side. This granite nucleus, or uplift, seems to extend across the heads . 
of the gulches in a north and south course, while the streams that flow 
down the west side of the range cut through this granite nucleus and 
have their origin in the stratified rocks that incline from' the east slope~ · 
This, however, is not an uncommon occurrence. There is a constant 
tendency in these mountain-streams to wear these gorges back beyond 
the true axis on either side. Each one rises in a sort of amphitheater 
which bas been formed by the breaking down of the sides of the gorges 
by the water and ice in the fissure, and the melting of the .snow sweeps 
the fragments slowly down into the gulch. This gnawing process, as 
it might be called, at the mass of the mountain has been going on for 
ages, so that in many places the crest is a single sharp ridge between 
the amphitheaters on either side. In many places this crest is worn 
through, and many of the low passes were once high walls wholly inac
cessible. 

The great mass of sedimentary stratified rocks of which this range is 
largely composed inclines away south of east from this granite nucleus, 
showing clearly its anticlinal structure. The granite, as seen in Iowa 
Gulch, is a true " wedge," the quartzites capping the summits inclining 
in opposite directions, a portion dipping west at an angle of 100 or 120. 
Although, in general terms, many of the mountains are illustrations of 
the single wedge structure, I have never seen a clearer exhibition than 
this, where the granite is capped with the quartzite strata, and the 
eroding agents have sliced it down vertically, so that the relations are 
seen perfectly. The amphitheater at the head of Iowa Gulch is about 
10,500 feet. In passing over the crest into Horseshoe Gulch we are 
obliged to climb an almost vertical wall for 1,500 feet. Resting upon 
the granites at the bottom are about 200 feet of quartzites distinctly 
stratified! Above the quartzites are 800 to 1,000 feet of unstratified 
sombre-gray porphyritic trachyte, breaking off in vertical columnar 
masses. Over the trachyte comes quartzite and arenaceous limestone, 
passing up into about tiO feet of very cherty, partially metamorphosed, 
limestone, in which the galena mines are located; above this are alter
nations of quartzites with beds of limestone, 2,500 to 3,000 feet in the 
aggregate, in the range. The summit of the divide is about 12,500 feet; 
the hibh' peaks, north or south, rise upward of 13,000 or 14,000 feet. 
The summits and sides of the range are covered with fragments or de
bris of broken trachyte mingled with quartzites, the former predomi
nating. 

At the head of Empire Gulch the granites rise up nearly to the sum-
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mit, while the stratified quartzite cap only the highest peaks of the • 
Horseshoe and other cones in the vicinity . . The quartzites here are 
very hard, but brittle, breaking into small fragments greatly meta
morphosed, though distinctly stratified, and remind one of the quartzites 
of the Uintah Mountains. Below the massive quartzites are very hard 
limestones, out of which considerable quantities of silver-ore are taken. 
Below the limestones are 50 to 80 feet of a peculiar rock, composed 
largely of yellow jasper. The dip of the strata in the north branch bf 
the Horseshoe is about 21°, and in the Horseshoe itself about 190, north 
of east,· though it is quite variable. The Horseshoe is a most singular 
mountain-form. The excavation here has wrought out a circular or 
semicircular form, which suggest-ed the name of Horseshoe ~fountain. 
On the south side a ridge runs down the gorge-like valley for four miles, 
with an average dip of 13°, and then a high mountain occurs, in the 
base of which the gneiss projects up 500 feet, while on the east side and 
on the summit the lowest quartzites are again seen in contact with the 
gneiss. The most remarkable faults in the strata occur here. -In the 
carving out of the Horseshoe amphitheater the granitic schists are ex-
posed at the bottom, and continue down for a short distance, when _they 
are concealed by the debris. Qnly the stratified beds are seen in the 
walls of the gulch on either side. Here and there the schists rise up to 
considerable hejghts . . The sedimentary beds may rest on the schists 
lower down in the valley, or on the high peaks 2,000 feet above. The 
remarkably irregular surface of the underlying schists is hardly due to 
erosion prior to the deposition of the sedimentary rocks, but to the 
internal forces that have thrown all the rocks in this region into such a · 
remarkable chaotic condition. vv~ e do not find here the intruded beds 
of trachyte on quite so large a scale, as · on the west side of the range. 
The trachyte, however, shows itself about four miles below the depres-
sion of the Horseshoe, changing all the rocks to a greater or less extent 
with which the igneous material comes in contact. 

This gulch has really three heads, of which Horseshoe forms the middle. 
The evidence of the gradually slow excavation of these amphitheaters 
is well shown in each. · That the wearing out of the depressions may 
have been more rapid in former times I do not doubt; perhaps, during 
Glacia1 or Post-Glacial times. VIe shall hereafter discuss the subject of 
the great Glacial period, which must have held sway over all this region. 
Ice, snow, and water are still important agents, though their action is 
slow and the re:::ults hardly perceptible in a century. It would be diffi
cult to fix any very definite angle of inclination for the stratified rocks. 
Sometimes it is nearly horizontal, and again nearly vertical. In the 
Horseshoe district the dip will vary between 120 and 25° generally. A 
typical section of the -sedimentary rocks in this region may be found in 
the gulch to the south of the Horseshoe. The strata which rest upon 
the schists there present a nearly vertical wall for about 800 feet. The 
schists as they occur in the .bed of the stream appear to be vertical, with 
grayish brown quartzites resting directly on the edges, passing up into 
a cherty lim.estone. This is quite variable jn texture, though the joint
age and lines of stratification are clear. On the southeast side of the 
gulch, at the very head, there is a massive wall of quartzites and lime
stones 800 feet high; then comes a bed of intruded porphyritic trachyte, 
about 400 to 600 feet -thick, and above this comes 300 feet of very hard 
dark brown quartzite, evidently partially metamorphosed. Then comes 
an interval, obscure on the surface, but composed of a dark slaty shale, 
with layers of dark impure limestone, There ffl'e alternate beds of 
limestone, quartzite, sandstone, and shale through what I estimated to 
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be 1,500 feet of Silurian strata, and 2,000 feet of Carboniferous beds . 
The upper portion of the latter is nearly all coarse, rusty, or gray sand
stone, while the lower half contains many be4s of shale, with layers of 
limestone containing great numbers of well-marked Carboniferous fossils, 
as Trilobites and Productus. 

In the Silurian group the first bed of trachyte is quite massive; and 
must correspond with that seen on the west side of the range. The 
jointage is perfect, and the mass breaks into huge cubical blocks. Some 
of it is laminated vertically, as if composed of thin layers tipped ~m end. 
Higher up are several beds of the trachyte, varying from 15 to 30 feet 

· in thickness. It was not possible to fix a line between the Silurian and 
the Carboniferous groups, in most instances. I shall only speak of these 
formations in general terms, referring the reader to the carefully-wrought 
section in Dr. Peale's report. As a general rule, it is only at the very 
heads of these gulches that the basis rock can be seen. The process of 
grinding to powder, as it were, by ice and water, has been carried on to 
such an extent that the entire valley is covered thickly with earth, filled 
with more or less worn rocks, of every size, from that of a pea to several 
feet in diameter. The snow, melting upon the crests of the mountains, 
saturates these superficial earths with . water, and they slowly move down 
the gulch much like a glacier. This is another process of grinding 
the underlying rocks, smoothing and grooving them. Underneath these 
superficial deposits is what the miners call the "bed-rock," and it often 
involves immense labor to strip them off to reveal the mineral.lodes. 

As we pass down Horseshoe or Four-mile Creek we soon find that 
' the vast amount of loose material covers everything, rendering the suc

cession of strata very obscure above the Carboniferous, yet we know that 
there is a full series of the red beds, Jurassic and Cretaceous, up to the 
summit of the Lignitic group, inclusive. The upper group inclines away 
from the base of the main Park range far eastward into the Park. Pass
ing northward from Fairplay te the LittlePlatte or Twelve-mile Creek, 
we find the foot-hills correspond to the more modern sedimentary beds, 
inclining at all angles. In the channel of a little stream, about ten miles 
south of Fairpray, the Triassic and Jurassic beds are exposed to some 
extent, dipping 300 to 400 east or southeast. The foot-bills all along the 
west side of the Park appear to be composed mostly of the red group, 
lapping on to the sides of the mountain. ·The Carboniferous and Silu
rhin groups are seen on the sides and summits, higher up. A few of 

. these details will afford us a glimpse of the wonderful complication. of 
forces that have thrown these mountains into chaos, as well as the tre
mendous power of the eroding agents which have aided to increase the 
difficulties in some localities and to decrease them in others. As we 
move westward to the Sawatch range, or the Elk Mountains, we shall 
meet with a repetition of the same results, only on a far grander scale. 
· South of Horseshoe Mountain the main range continues 12,000 feet 
and upward to Buffalo Peak, rising far above timber-line. The rocks 
are mostly granitoid, but there are remnants of the quartzites even on 
the crest; but rather low down on the sides, perhaps 1,000 feet below 
the crest, the Silurian limestones and quartzites crop out here and there, 
though much obscured by the ilebris. In the valley of the Little Platte, 
close to the foot of the mountains, is a considerable thickness of a group 
of very peculiar gypsiferous strata, the same as those· around ~he salt
works about twelve miles to the southeast. The surface has a volcanic 
appearance, as if covered with slag, and yet the clays, sands, and other 
rocks of both. the Cretaceous and Jurassic are incrusted with the 
chloride of sodium as well as the sulphate of lime. Again, on the 
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north and east side of Buffalo Peak the unequal elevation of both the 
granites and the sedimentary rocks is apparent. They may be seen 
here in contact at the base of the Peak, or near the summit, 2,000 feet 
above the base. Twelve-Mile Creek rises near Weston's Pass, flows 
for a short distance, about six miles, east of south, then bends so that 
the course is a little south of east after emerging from the range. The 
deep gorges are very numerous, and seem to be_ carved out of the mass- 1 

ive granites, presenting on either side remarkable sections. 
The crest of the divide at the head of the south branch of the Little · 

Platte presents a fine view of the valley of the Arkansas toward the 
west, with the grand range of the Sawatch on the west side, like a gi
gantic wall, with its wilderness of peaks, upward of 13,000, and many 
of them over 14,000 feet. Nestled at the base of the Savvatcb, at. the 
mouth of the Lake Creek gorge, are the beautiful Twin Lakes, separated 
from each other by a belt of morainal deposits only about 200 yards wide. 
To the southeast may be seen distinctly the ranges about the San Luis 
Valley, with Ouray and Uncompahgre Peaks rising far above all the 
rest. To the east we have the South Park full in the foreground, look
ing like an immense meadow. The ridges which run across it in differ
ent directions are softened down by the distance. Pike's Peak, with the 
ranges of mountains on either side, shuts off the vision from the broad 
I)lains beyond; it rises so far above the rest that it becomes a most 
important landmark for a radius of fifty to eighty miles in every direc
tion. To. the northeast and west is the splendid group of peaks of 
which Mount Lincoln is the crowning one; while to the northwest are 
the sources of the Arkansas with the Tennessee Pass a,nd its associated 
ranges of mountains. The Blue River range can be seen dimly beyond. 
Such are the geographical features of this remarkable region, and I de
scribe them from time to time, to convey to the readerthe t·act that the 
variations are kaleidoscopic, and from every important mountain-peak 
a fresh and equally grand view may be obtained. 

As I have before stated, it is my belief that the range of mountains 
on the west side of the South Park is a portion of a grand anticlinal of 
which the Sjltwatch range is the central mass or axis. Therefore the 
general inclination of the great body of the rocks of the Park range is 
eastward, metamorphic as well as sedimentary. ·On the east side of the 
crest the dip of the strata is obvious, and the granitoid nucleus is ex
posed in comparatively few places, except in the gorges, where the erod
ing forces have cut deep down through the sedimentary beds into the 
schists. But on the west side the granites are visible everywhere, 
while the sedimentary rocks are the exception. The action of two forces 
are indicated in this range; one which acted uniformly and slow, ele
vating the vast series of North and South ranges from the plains on the 
east to the Colorado River, and perhaps farther, and a second force 
operating synchronously, but probably spasmodically, tossing the gran
ites as well as the sedimentary group into chaos. The one acted in 
long lines of fracture, forming regular anticlinals with the stratified 
groups, inclining from either side of the central axis in regulai· order ; 
the latter bringing to the surface the igneous rockR, and producing those 
wonderful faults of which we find so many illustrations in tfu.e Park 
range. The general form of this range also reveals its anticlinal char
acter, through the fragments of the sedimentary groups which have 
broken d6wn from the crest on the west side. In the California Gulch, 
and to some extent in other localities, the igneous rocks have been 
poured out over the mountain side covering both granitic and sedi
mentary beds, but the granitic rocks predominate, and a.U others occur 
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only in detached portions that seem to illustrate a series of remarkable 
faults. 

The Arkansas Valley, from its head in Tennessee Pass to the . point 
where the river cuts through Front range and opens out into the 
plains, has been worn out of the granite mass to a great extent. 
The valley is partly a fissure, but is mostly due to erosion. The drain
age was undoubtedly started hy the fis~ures produced by the great up
lift, but, as broad and deep as it is, it is undoubtedly due mostly to 
erosion, and by this illustration we may form some conception of the 
work of this powerful agent in giving form to the surface of this mount
ain-region. From the crest of the Park range across -the Arkansas 
Valley to the crest of the Sawatch the dista,nce will average from ten 
to fifteen miles, in a straight line, and the average elevation above the 
water-level of the Arkansas River must be about 1,500 feet. Now, it is 
probable that three-fourths of this vast space from the Tennessee Pass 
to the Poncho Pass, near .the head of San Luis Valley, a distance of 
one hundred miles, has been worn out by erosion; and the greater por
tion of the material carried down the river and distributed over the 
plains. It is probable, also, that this great space was at no very ancient 
period filled with one vast glacier, which doubtless performed the greater 
part of the grinding up of 'the rocks and the wearing out of the valley. 
The glacier-worn sides of the mountains on either side of the valley extend
ing nearly to the summits, the remarkable morainal deposits in the main 
valley and on the sides of the gorges, point strongly to that conclusion. 
We hope in the succeeding chapter to describe more in detail the phe
nomena of ancient glacial action, which is so admirably shown on both 
sides of the Sa watch range. · 

The remarkably rounded and grassy appearance of these high mount
ain-ranges in many instances is quite surprising, and we ask how so . 
great a thickness of superficial earth could have accumulated so far 
above timber-line~ Besides, this drift-like deposit is covered with 
masses of rock of various sizes, more or less worn, mostly granitic, and 
mingled with the finer materials are numerous bowlders, so that there 
must have been some agent that acted quite generally in grinding down 
the surface. All along the west side of the Park range the granite 
rocks crop out, but from a point opposite Tennessee Pass to Buffalo 
Peak this old glacial deposit covers a. great portion of the surface. 
When the underlying or basis rocks do crop out to any extent the ab
rupt side faces west toward the Arkansas, and the gentler slope is 
toward the east, so that even the granitic nucleus testifies to the anti
clinal character of the range. This is very well shown on. the west 
side of Buffalo Peak, and southward where the granitic rocks rise in 
high, conical peaks, with the abrupt, wall-like face to the west, and 
sometimes even overhanging at the summit~ The heavy snows that fall 
on these mountains, melting in the spriug, thoroughly saturate these 
surface-deposits, and great masses become more or less movable, de
pending upoR the steepness of the slope. The degradation of the under
lying rocks is constantly going on, and the movements of the great 
masses of earth produce results much like those of a glacier. 

About five miles below the mining town of Granite the upper valley 
of the Arkansas begins gradually to expand in width. Terraces have 
been formed on either side, which show the former . existence o.f a lake. 
It is most probable that the lake-waters set high up the Arkansas River, 
even to its source; but the greater portion of the waters were gathered 
into the lower part. By Upper and Lower Arkansas I mean the portions 
above or below the calion. In the lower portion of the Upper Ark an-
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sas I described, in my third annual report, for 1869, a group of light
colored marls, 800 to 1,200 feet in thickness, under the name of Arkan
sas marls. I then regarded them as of Pliocene age, and noted their 
inclination, as 30 to 5o, which would imply that they were deposited be
fore the great Sa watch range had reached its present height. It is plam 
that at a period comparatively modern in date there was a lake here at 
least forty or fifty miles in length, and from five to ten in breadth, 1 

and that in the lower portions ~everal hundred feet in thickness of fine 
sediment were deposited in moderately quiet waters. The numerous lit
tl~ streams that flow from the Sawatch range toward the Arkansas cut 
dTP channels through this modern deposit. The ,quantity of rounded 
bowlders of various sizes in the vicinity of these streams is immense. Even 
after the lake-waters had passed down the Lower Arkansas, through the 
canon, there must have been tremendo·us glacial as well as aqueous forces 
operating from the deep gorges in the mountains, transporting a vast 
amount of drift material into the vallev. Just how much of this broad 
expansion is due to erosion it is difficult to determine, but I am inclined 
to the belief tbat there was originally only the fracture of elevation, 
and that the old lake-basin is mainly due to erosion. On neither side 
of tbe valley do we ~ee any of the older sedimentary rocks. From 
Poncho Pass to the very source of the Arkansas, a distance of 80 miles, 
no rocks but Igneous and Metamorphic can 'be seen upon the east side. 

The Sawatch range is one solid mass of granite, intersected to a 
greater or less extent by dikes. If we follow any of the little streams 
that flow from the range on the east side, up to the sources of Trout 
Creek, for example, just before 'reaching the borders of the South Park, 
we shall find the full series of the sedimentary rocks, from the Silurian, 
resting on the granites, up to the Cretaceous, inclusive, at least, inclining 
in an easterly direction. The tendency of the waters of the Arkansas ' 
River was to gravitate to the extreme eastern side of the valley, from 
the slope given by the anticlinal character of the elevation. The abrupt
ness of the east side of the granite rocks on the east side of the valley, 
from one end to the other, shows the part which they sustained in the 
uplift. From a point about two miles below the mouth of Pine Creek 
the Arkansas River flows through a very narrow, tortuous channel, with 
the granite rocks of a great variety of texture projecting Q.ver the base 
in some instances, and rising in a precipitous wall a thousand feet high. 
Below the mouth of Trout Creek the eastern portion of the anticlinal 
becomes the Front range. I have dwelt so long on this great anticlinal 
because it constitutes the key to the physical structure of a great area, 
and also because it will throw much light on other portions of the Rocky 
Mountain region. It seems to illustrate a statement that I have often 
made, i.n previous reports, in regard to the simplicity of the structure of 
the eastern portion of the Rocky Mountain region. 

In general terms, while the details are extremely complicated, we may 
express the structure of a belt of country known as the Sa watch range, 
eighty miles in length from north to south, and at least forty from east · 
to west, as a single wedge of granite, thrust upward, and the sediment
ary rocks inclining from either side. The illustration of which the 
Sawatch range is the central mass is probably on a grander scale than 
any other in the West, but there are abm]dant examples of smaller size. 
The Black Hills of Dakota, the Laramie ~ange, Big Horn, Wind River, 
and many others are of the same type. I . · · 

Our last movement, July 22, was along the divide from Weston's 
Pass to the base of Bufl'alo Peak. We have described the splendid 
view we obtained of the entire Upper Arkansas Valley, from the Ten-

4 G S 
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nessee Pass to the canon, a distance of eighty miles. Our camp was 
on the north base of the peak, above timber-line, at the very sources of 
some of the little branches of the Platte. The granite rocks cropped 
out all aroumJ us, although the greater portion of the surface was 
covered with grass, and the moist valleys were peculiarly fresh and 
green._ The lower portion of the Upper Arkansas Valley is indeed a 
park, and far more beautiful, though not so large as the South Park; 
but its origin is very different. The South Park is an area of depression, 
that is, it is a basin surrounded by lofty ranges of mountains, underlaid 
with rocks of the sedimentary group, which shows that it has never 
been elevated equally with the surrounding mountain-ranges. The Ar
kansas Park is an area of upheaval and erosion, and nowhere in it are 
any sedimentary rocks exposed older than the modern lake-deposits. 
A few small streams flow into the Arkansas River from the east side, 
but the main drainage is from the west side. Descending into the Vftl
ley on the west side of the Park range, from the base of the Buffalo 
Peaks, we found the traveling very difficult; the sides of the mountains 
covered with debris and very precipitous. The fallen timber adds also 
much to the labor of traveling. The autumnal fires sweep over the 
sides of the mountains, killing the pines, and the winter and spring 
winds lay them down in every direction, forming a perfect net-work. 
Reaching the valley nearly opposite Mount Harvard, we camped for 
two days on the bottom to make a study of this interesting region. By 
following our route of travel in our narrative, we are enabled to note 
down the local details of the geology from point to point, on which any 
general remarks we may make are founded. The maps, which will soon 
be published, will enable the geological reader to follow these routes 
with ease; and, in connection with the sketches and sections, we hope. 
to make our observations clear. 

The point from which we will start now on our march up the Arkan· 
s~s River is at the head of the Arkansas Park, a little below the mouth 
of Pine Creek. The valley here begins to expand out somewhat, and is 
about half a mile in width. There are several abandoned farms on the 
bottom. Lower down in the main park, or valley, are some excellent 

· farms and prOSJ?erous settlements. The decline of the mining interest 
has caused the upper portion of the valley to be almost entirely deserted. 
A few years ago there were many thousands of miners in the valley, and 
every gulch was filled with placer-diggings. Granite bid fair to become a 
city and spread itself over a considerable area on both' sides of the mines. 
Now the buildiltgs are all fast going to decay. A few miners still linger 
.among the old" placers," but the mining period has passed away. 

I have spoken of the finer sediments which were deposited in the 
ancient lake, in the lower portion of the valley to the southward. The 
waters that rushed down from the north lost the greater part of their 
force in the broader, deeper waters of the southern portion. Here the 
fine material which was ground from the granite rocks by water and ice 

· to the northward was carried, and the greater stillness of the waters 
then allowed it'to settle on the bottom more quietly, forming a group 
of marly strata at least 1,200 feet in thickness, which have weathered 
into the peculiar architectural forms which characterize the modern lake
deposits farther north in which the remains of so many extinct verte
brate animals have been found. As we ascend the valley from the 
lower end, these lake-deposits become coarser and show evidences of 
deposition in more turbulent waters, until at the upper end the huge 
rounded bowlders predominate. Near the bridge about five miles below 
Granite are long, lone ri'dges of the coarse drift or detrital matter on 
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the bottom, par:!tllel with the river. The surface is covered with huge 
granite bowlders on both sides of the river; long, high, romided ridges of 
worn bowlders are pileu up as if they had been left bythe melting masses of 
ice. We find the granite rocks in place much worn as we ascend the valley, 
but no signs of grooving. The coarse texture of the granite permits them 
to disintegrate readBy, and they ha\e a tendency to become rounded by a 
process which I have termed exfoliation, or a tendency to peel off in thin 
concentric layers. This is a very common feature in most of the varieties 
of rock in the West, and the great variety of scenic forms, as well as 
much of the loose debris or soil in the mountains, is due to this process. 
Whenever the fires run over the sides of the mountains, burning the 
forests of pine, the most compact granite rocks scale off in this manner, 
and undoubtedly the sun's rays, expanding the surface by the heat, 
produce similar results. Just below the mouth of Pine Creek a high 
vertical point juts out from the east side of the Arkansas, over the river, 
of a harder texture and more compact than the contiguous rocks. The 
jointage, which is nearly vertical, presents strikingly smooth faces and . 
sharp angles. The great variety of texture in the granitic rocks is con
tinually shown, varying from a close fine-grained feldspathic or quartz
itic mass, scarcely affected by atmospheric agents, to a very coarse ag
gregate, readily fa.Uing in pieces. Iron in some forms is a very powerful 
agent also in destroying the cohesion of granites. This hard point seems 
also to have extended across the river and to have resisted in part its 
power, so that falls, or rapids, of 25 feet descent have been formed. Just 
above this point there is a low ridge of granite, which in the wearing 
out of the valley escaped, while on the east side of the Arkansas there 
is an old river-bed: These remnants serve to indicate in some degree 
the nature and extent of the forces that have operated here. They prove 
that the valley is, for the most part at least, one of erosion. There is a 
narrow bottom on the west side of the river, with small gulche~ coming 
from the hills in which are quite extensive placer-diggings. Small log 
huts, or miners' cabins, are scattered here and there among the huge 
granite bowlders, presenting a unique appearance from their diminutive 
size, compared with the bowlders themselves. 

Perhaps the most interesting and novel features of this region are the 
great morainal deposits, the remains of ancient glaciers. These proofs 
of glacial ' action occur everywhere along both the east and west sides 
of the great Sawatch or Mother range. But up the valleys of some of 
the side streams the morainal deposits are more marked and regular 
than in others. The finest illustration ·occurs in the valley of Clear 
Creek, a small stream that flows into the Arkansas River from the 
Sawatch range, about six or seven mills below Lake Creek. This little 
stream rises high up near the crest of the range, in a number of exca
vated amphitheaters, · and flows for se-veral miles through a close canon 
until it opens out into the foot-hills on the east side of the range. The 
valley at once expands to about one-fourth of a mile in width, and at 
the junction of the creek with the main river has become three-fourths 
of a mile in width, with a detrital ridge on either side rising 300 to 
500 feet above the little creek that meanders through it. Thes.e 
detrital . ridges show the loose character of the deposits by their 
rounded forms, being covered over with grass and other vegetation. 
The question would arise, whether the immediate valley of the stream 
was originally filled up with the glacial detritus, or whether the mater
ials composing these ridges were left on the sides of this branch 
of the great Arkansas glacier which must at one time have occupied 
the entire valley. I am inclined to think that the valley through 
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which Clear Creek meanders so beautifully is a modern result, and wa8 
worn out of the great detrital mass by water after the close of the true 
Glacial period . . Between the detrital walls in the valley are mounds or 
ridges of the detritus that has been brought down Clear Creek and 
lodged near its mouth. The last g'acial movement was checked by the 
remnant of the granite mountain tn place at the lower end of the ex
pansion, and as the ice melted the debris was left behind in irregular 
mounds. Rounded masses of granite of immense size, 100 feet in 
diameter lie scattered about the mouth of this creek, now going to 
decay by the process of exfoliation. Between Clear Oreek and Lake 
Creek the slopes are rather smooth, with the granite rocks cropping out 
here and there, but revealing the efl:ects of abrasion in a marked degree. 
The surface is covered mostly with a thick deposit of the detrital mat
ter. The placer-mines are very extensive over this area, and the work
ing of them in several localities has exposed a glimpse of the old chan
nels worn deep into the underlying granites and covered with the 
bowlder-drift. If this thick drift·-deposit could be stripped off it would 
expose a granitic surface worn down by the movements of vast masses 
of ice and snow, rerhaps grooved and scratched, and the entire area 
cut through from the mountains on either side with the old creek-chan
nels. We believe, also, that this space between the main river and the 
base of the range, a width of about six miles, has been worn down from 
an elevation but little, if any, lower than the front portions of the range 
that now remain. All the evidence points to the existence here of 
aqueous forces at a comparatively modern period, of which the present 
is but an insignificant remnant. 

On both sides of the Arkansas up to its very sources the drift phe
nomena are very remarkable, but much more extensive on the west side, 
so that there is a slopefrom the immediate base of the Sawatch range 
to the river; but the terraces and bowlder-deposits are well shown on 
both sides. On the west side the valleys of the mountain-streams are 
now much used for the pasturage of large herds of stock during the 
summer-season, the owners driving them south into . the San Luis Val
ley during the winter. 

By glancing at the map it will be seen that there are a considerable 
number of those little branches which run high up near the crest or 
water-divide of the Sawatch, cutting deep channels or gorges through 
the mountain-sides, and deep valleys after emerging into the slope, 
or foot-bills. The slope, or foot-bill, forms a peculiar belt from four to six 
miles in width between the"" base of the main range and the river, and 
in a general way slopes down to the river . . The difference in elevation 
between the bed of the Ar~ansas and the junction of the slope with the 
mountain-side would vary somewhat, but must be 1,000 to 1,500 feet. 
Viewing this slope from the crest of the Park range on the opposite 
side of the Arkansas we can see clearly the gorges and gorge-like 
walls of the principal strrams at intervals of a few miles apart. Be
tween the main valleys the interval is singularly rolling, consisting of 
rather deep grassy valleys, extending down from the mountain-sides 
to the Arkansas, while between them are rounded ridges, or rounded 
oblong hills, covered over with debris. In many cases the abrupt sides 
are toward the mountains, and the sides and summits are covered 
with immense bowlders, as if the masses of ice had lodged on them, 
and melting had dropped their contents there. This furrowed condi
tion of the surface continues to a greater or less extent up to the sources 
of the Arkansas in the Tennessee Pass. The great morainal ridges 
on the south side of Lake C~:eek are as much as 500 feet to 700 feet high 
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above the lakes or valley. For about fifteen miles the Arkansas flows 
through a gorge-like channel, commencing about four miles above 
Lake Creek, when there is a moderate expansion with quite a broad 
bottom, and · on either side well·defined terraces. The terrace on the east 
.side of the Arkansas rises about 500 feet above the river-bed. In a dry 
gulch the horizontal strata of sandstone crop out, showing that it is 
composed of the modern lake-'deposit. On the west side the first ter
race rises 40 feet, the lower portions of the second or main terrace 250 feet 
rising up, by a slope to the mountains, to the height of 700 feet. One 
_gulch is quite wide, half a mile, as it opens into the valley of the Arkan
sas, with small, terrace-like steps on either side. The east fork of the 
Arkansas also presents a broad, open valley for some distance along its 
junction with. the main stream. Passing up the west branch we find a 
broad, open, meadow-like park, a mile in width, with the granitoid rocks 
cropping out here and there on either side from beneath the great accu-
mulation of detrital deposits. · . 

We can . see, therefore, that this entire valley of the Upper Arkansas 
was at no very remote geological period, a fresh-water lake, probably 
.at the close of the glacial period. I am now inclined to think that this 
period extended back further into the past in the Rocky Mountains than 
geologists have accredited it in other regions. It seems to me that the 
evidence, though not clear as yet, points to the Pliocene era as its begin
ning, at least, and that it extended pretty well toward the present 
period. It was evidently a period in· which powerful forces were in 
-operation, which carved out the surface-forms much as we find them at 
the present time. 

CHAPTER III. 

;S.A. W .A.TCH R.A.NGE-lVIOR.A.INA.L DEPOSITS OF '!'AYLOR'S CREEK-ELK 
MOUNTAINS, ETC. 

We will now ascend the valley of Lake Creek, and wend our way 
-over the great Sawatch range. The valley of Lake Creek is filled with 
the morainal deposits for which this range is so remarkable, It would 
seem that the great glacial force moved here in a direction a little 
.south of east, inasmuch as the great mass of the detrital matter is 
heaped up on the south side. The two lakes are about 350 yards 
apart, with a small stream, perhaps 20 feet wide, flowing from one 
to the other. The interval is made up of worn detrital matter, but 
over it and around both lakes are mounds or oblong ridges of the drift. 
Scattered over the surface are ~asses of granite, coarse in texture, with 
crystals of feldspar, 1 and 2 inches in dimensions, aggregated to-
_gether. The rock has the appearance of a feldspathic breccia. The 
lower lake is about two and . a half miles in length, and one and a 
half miles in width. The upper lake is one mile in length, and half 
.a mile in width. The bases of both these lakes are undoubtedly 
the result of glacial action. The greatest depth found by sound
ing wa~ 76 feet. The accompanying topographical sketch of Mr. 
"Gannett, with the soundings which were made by Messrs. Stevenson 
.and Holmes, will convey a true idea of the form of these . basins. We , 
know by the land contiguous to both these lakes that they have been 
.slowly diminishing in area. Above the Upper Twin Lake there is a half
mile in width of boggy meadow which at no distant period must have 
been covered by the lake. At the head of the valley, or where the 
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gorge begins, there is a sort of natural bridge. The stream bas. 
worn a narrow channel through the rocks. At the summit the gorge 
is about 8 feet wide, and in it a huge bowlder bas lodged. T.he 
stream rushes down its steep, narrow, winding channel with great 
force. On the north side there is a huge bowlder just ready to topple . 
off into the channel, which is 50 feet in diameter. On the sides of 
the channel are several most remarkable rounded cavities worn in 
like pot-holes, 6 to 10 feet in diameter. One of them ·occurs 20 feet 
above the water-level of the creek at the present time. About 100• 
feet above the bridge the stream flows through a narrow gorge not 
over 4 feet wide, and the water ~boots down as in a flume 10 or 15 feet,< 
producing a picturesque effect. In these rocks the jointage is very 
distinctly defined. The dip of the rock is north about 3oo, and the· 
channel has been worn through the rock, so that the north side over
hangs the water, and tpe water and iqe, aided by the jointage, have 
remoYed masses like blocks from a quarry. There are two or three sets: 
of .master-joints which break the mass into a multiplicity of forms. 
Sometimes the broken portions are wedge-shaped. The rocks are a 
coarse, massive granite of a gray color, with 1arge crystals of grayish
white feldspar. The worn rocks, or roches moutonnes, are most admira
bly shown everywhere, and portions crop out in the bottom of the val
ley to indicate the force as well at the extent of the erosion. It is quite 
possible that if all the debTiS COUld be stripped off the gorge and valley,. 
the grooved or scratched surfaces would be apparent. On both sides. 
of the gorge the worn rocks are seen to the height of 1,000 to 1,500 feet 
above the bed of the stream. One immense mountain mass on the north 
side seems to have resisted the eroding forces, so that from base to 
summit, a height of 1,000 feet, it is smooth like enamel. The vast gla
cier which must have filled up the channel must have been obstructed 
in its slow downward movement by this projecting point of the mountain. 
In the side near the base are quite deep, rounded cavities, 2 to 4 feet in 
diameter, produced by the same causes as the pot-boles. About 2 miles 
above the falls there is an extensive dike of trachyte. It occurs in the 
form of a vein, 6 to 10 feet wide, running about northeast and south
west. There are many other dikes in this gorge, of different sizes, 
and I suspect some of them would prove to belong to different ages if' 
more closely studied. The great branch-glacier of Lake Creek must 
have been 1,500 feet or more in thickness. The valley or gorge is 
nearly uniform in width, about one-fourth of a mile, and the glacier must 
have plowed its way along, paring off a great thickness of the gneissic 
rocks on either side and on the bottom, the low, rounded remnants of" 
which can be seen cropping everywhere from the detritus. The sides 
of the gorge for 1,000 to 1,500 feet are worn smoothly, and in some 
places immense blocks of granite have been wrenched from their places. 
and carried down the channel, so that the sides look like a quarry. 
The·most striking feature is the very smooth surface of the sides of the· 
gorge to so great a height, like glass. About six miles above Twin 
Lakes, in a straight line, Lake Creek forks, one branch extending up~ 
northwest, and the other southwest. Both separate again soon into a 
number of smaller branches, which end in amphitheaters near the crest. 

About four miles up the North Fork a remnant of the gneissic rocks, . 
left in the wearing out of the valley, has a dip of 500 NW., with a strike 
southwest and northeast. There are a number of these low ridges . 
rising up in various portions of the valley, showing most clearly that the 
entire gorge has been carved out of the mountain mass. The dip of the 
beds would indicate a fracture for the water and ice to commence their-
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work, and, as the gorge increased in size, the power to excavate would be . 
increased. The crest of the range is covered with trachyte for miles, and 
from that ridge extend down beautiful green valleys above timber-line. 
The sides as well as the circular end of these gorges or valleys are cov
ered with debris composed of the broken fragments of igneous or meta
morphic rocks. All seem to originate in the same manner, and are con
tinued by the same forces. The igneous rocks seem to have flowed out. 
over the gneissic rocks to a considerable extent, at least 500 feet in 
thickness, as is shown in this high mountain-valley, where the sides are 
nearly vertical, and the bottom of the valley here and there reveals the 
granitic rocks upon which the trachytes rest. So, we have in the main 
range the same phenomena repeated that we find in all the southern 
ranges, viz: a granitic nucleus or central mass, with dikes of igneous 
rocks tO' a greater or less extent. The movements that elevated these 
great ranges seem to have generated the heat that reduced the rocks in 
certain portions of the crust to a fluid condition, and they came to the 
surface in almost numberless places. 

We will not now discuss the history of the glacial period of the Rocky 
1\fountains, but simply state, in general terms, that the evidence seems 
to point to a time when the Arkansas Valley was filled with one enor
mous glacier, and that extending from it, on either side of the gulches, 
were branches of greater or less magnitude ; that as the temperature 
changed so that it was gradually reduced, and .the physical conditions 
approached those of ,the present time, the basins of the lakes were 
scooped out, the morainal detritus was deposited, and finally the im
mense granite bowlders were ~cattered over the surface. vVe shall 
endeavor to show in a subsequent chapter that this glacial period was 
one of great length, and that the gradual transition from the extreme 
glacial cold to the present climatic conditions was of great duration, 
and influenced the sculpturing of the surface to a very great extent. 

Our trail over the mountains led up the south branch of L~ke Creek. 
In many instances, these little branches have cut narrow channels into 
the solid rock 30 feet in depth. This must have been done subsequently 
to the melting away of the glaciers. 

About four miles up the valley the debris begins to be made up of 
igneous rocks that have fallen down from the high ridges. Th~re are, 
also, immense masses of volcanic breccia, very compact, composed mostly 
of granitic fragments of various sizes, some worn and others angular. 
We see again the high crests capped with the igneous rocks, which 
originally flowed from fissures in the granite, and, as t.he liquid rock 
was ejected, fragments of the contiguous granitic rocks were worn off 
and inclosed. This fork also branches off to the north toward Red 
Rock Pass, and the usual signs of the wearing out of these vast mount
ain amphitheaters can be seen. The valley, or gorge, here is unusu
ally broad, and yet the abrupt walls on either side show its origin. 
The ridges are all capped with the igneous rocks, and, in some instances, 
they are a brilliant red. The gorge is cut deep down into the granitic 
rock, and, when it is not concealed by detrital matter in the bottom of 
the valley, is worn smooth. 

We ascend the steep sides of the divide between the waters of the 
Pacific and those of the Atlantic, by way of Lake Creek Pass. The 
melting of the snow keeps the sides of tbe mountain, where covered 
with loose earth, in a boggy condition, which impedes traveling-. Upon 
the summit of the pass is a little lake or reservoir for the water from 
the melting snows. On both sides are high walls about a fourth of a 
mile apart, between whicli is located the pass. It is not so Yery muct 
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- Lower than the crests around, being over 12,000 feet above sea-level; and 
2,000 feet above our camp at the forks. But the pass itself is an illus
tration of the slow iWearing away of the crest between the sources of 
the streams. The summit of the pass· is very narrow, and on the top 
and sides are vast quantities of fragments of rocks fallen from the side
walls. There is no doubt in my mind that the crest of the mountain 
was at one time continuous, and far greater than at present, and that a 
mass of granite rock the width of the pass, and 500 to 800 feet high, 
has been re.moved by agencies not now in operation. Yet the slow pro
cess of the breaking down of the sides still goes on summer and winter, 
and the debris forms one of the remarkable features of this region. As 
we descend the west side of the pass, we have before -as in full view 
()fie of the most spacious and regular amphitheaters we have seen, form
ing the source of Morainal Creek. It is in the form of a semicircle, 
with an irregular wall around forming the mountain-crest. On the west 
-side are two mountain-cones rising up 13,000 feet or upward; on the 
east side, a high rounded peak covered over with debris, while the south 
side has been broken down so as not to be more than 300 feet above 
the base of the wall. Vast quantities of the debris, or talus, lie all 
around the base of -the wall, while in the center is a forest of pines. 
We. see, therefore, that although the evidence is clear that these amphi
theaters have been carved out of the massive granite, no forces are now 
in operation to carry away the fragments of rock that are annually 
loosened from the walls by water and ice, but they gather on the slope, 
forming a talus of great magnit:ude. We shall a. ve much to say, as we 
pass from point to point, in regard to mountain sculpture. We believe 
that geologists ha:ve hardly realized as yet the tremendous degradation 
of our high mountain-ranges, which has been carried on during, or since, 
the Tertiary period. · 

We descend to the west side of the mountain to the little creek, and
find ourselves in the midst of the most striking examples of morainal 
ridges yet seen in the West. These extend from a point near timber
line down to the valley of Taylor's Creek, a beautiful stream that occu
pies in part a valley parallel with the Arkansas on the west side of the 
main range. I hav·e spoken previously of the anticlinal structure of 
this region. On the west side of the Sa watch or Mother range ~here is 
an irregular parallel depression, extending northward to the Mount of 
the Holy Cross, and southward far down the Gunnison Valley. Yet the 
drainage is not continuous north and south like that of the Arkansas. 
The drainage tends toward the northwest in the valleys of Roaring 
Fork and Frying-pan Creek, and to the southwest in the valley of Gun
nison and its branches. " 7hile between the waters of the two systems 
the divide'S are quite high and almost impassable, still the inclination 
of the great mass of the rocks is toward the west in general terms~ and 
the anticlinal- structure . well illustrated. · The interval between the 
ridges is much more broken, and bas not been worn out by one con
tinuous 'river like the Arkansas. 

The morainal deposits are best shown on the west side of the 
8awatch range. Along the side of the mountains, rising 800 to 1,000 
feet above the valley of Taylor's Oreek, is a ridge entirely covered . 
with the debris falling' from the summits of the range, and mo
rainal matter. It is most probable that the granite rocks form 
the nucleus, but that the ridge bas been worn down by glacial action 
and C.jvered over with the miscellaneous deposits of morainal drift. The 
ridge is quite rounded in form, covered in many places with pines, and 
e~tcnding up on the sides of the range nearly to timber-line. The second-· 
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terrace, as it may be called, is very irregular, varying from 20 to 80 or 
100 feet above the valley, and is full of irregular depressions like small 
lake-basins, but without any apparent outlet. Fragments of glaciers 
must have remained in this place which melting away, formed reservoirs 
of water, which finally dried up, the morainal matter accumulating all 
around them . . Sometimes these depressions are oblong and tortuous. like 
the old bed of a stream, and continue for a mile or so, and then close up 
in a sort of pocket. The surface is covered all over with worn bowlders 
of granite of various sizes, sometimes 20 or 30 feet in diameter. When 
streams have cut through· it so that sections can be seen, which is not 
common, it appears to be composed of rather fine earth, evidently the 
result of the grinding of the granite rocks by ice, and more or less. 
rounded granitic masses of all sizes from a · small pebble to a mass of 
many tons' weight. The position of the morainal deposits would indi
cate that on the west side of the range also there was, during the glacial 
period, a vast mass of snow and ice filling up the open valley and run
ning up the gorge like valleys on either side. The valley of Taylor's 
Creek, which will average a mile in width, is co:vered over with isolated 
morainal mounds or ridges, never more than 50 feet high. The enor
mous accumulation of the morainal matter on the west side of the range 
would seem to show that the great body of the glacier was there, though 
extendiug far westward are abundant signs of glacial action. 

We shall speak of this subject again in describing the Mount of the 
Holy Cross and its surroundings. Far to the south, looking down the 
broad, open valley of the Gunnison River, we can see the modern lake
deposit's much eroded near the junction with the Grand River. Still 
farther southward is. the Uncompaghre range dimly seen on the horizon. 
To the west is a portion of the Elk range, with the wonderful mass of 
red rock and the great group of sharp peaks, which show a remarkable 
chaos of strata. To the north west are the sources of the Gunnison, with 
the rounded granite mountains which have been so distinctly glaciated. 
Here and there the stratified rocks may be seen resting on the granites, 
and inclining at different angles. To the north is a wilderness of peaks, 
which form the Sawatch range; some capped with igneous rocks, others 
projecting their ragged, sharp, granitic points or crests high up among 
the snows, 14,000 feet and upward. The quite ·irregular ranges of 
mountains on the west side of the Gunnison show most clearly that they 
are subordinate portions of the great anticlinal we have been describing. 
The abrupt side or face is toward the east, while on the west side the 
slopes are usually gentle, and whenever the sedimentary beds occur they 
incline toward the west. The basis rock of the Gunnison Valley, under
neath the great thickness of morainal detritus, is granitic, resembling 
very closely the granite rocks of Sa:it Lake Valley, Utah. The gray 
granitic rocks are full of black, apparently rounded masses, as seen in
Cottonwood Canon, which indicates th~t t_hey were originally conglom
erates, so changed by metamorphosis that only indistinct trace~ of the 
im~l'llded bowlders are now visible. • 

The irregular range west of the Sawatch is undoubtedly, as I have 
1->efore stated, a subordinate portion of the anticlinal on the west side. 
Fragments of the great mass of sedimentary rocks can be found at differ
ent elevations, especially on the west side, though the granite rocks pre
domi~ate. About four miles up one of the small side-va1Ieys of Taylor's 
Creek, to the west, we find low down in the bottom a patch of massive 
dark-blue carboniferous limestone with corals and stems of crinoids. 
Some of the layers are made up of fragments of organic forms. The 
whole is about 50 feet in thickness, inclining west 120. It is simply a 
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remnant of the great mass that once extended over the country from 
. the plains across the South Park, the Park range, Sawatch, &c., inter

rupted, perhaps, here and there. \Ve have already observed that the 
Carboniferous as well as Silurian beds are omitted for one hundred 
and fifty miles along the east margin of the mountains nol_'th of Colorado 
Springs, while.Jar north and far south the same rocks are well developed 
in similar localities. So we may make the general statement that these 
beds covered all this great area prior to the elevation of the ranges. 

As we proceed westward from Taylor's River; we enter a regiOn in 
which the rocks have been thrown into a greater state of chaos, than I 
have ever observed anywhere in the West. There is no doubt that the 
original inclination was toward the west from the Sawatch range, but. 
the great number of dikes that intersect the crust in many places, have 
tipped the stratified rocks in every direction, elevated them to the sum
mits of the peaks, and, in many instances, completely 1·eversed their 
position, so that we have the oldest rocks overlying those of more mod
ern date. It is not uncommon to see ridges of quartzite, or limestone, 
standing vertical, and, in some instances, inclining several degrees past 
a vertical. To solve all these problems well would require that every 
portion of the country should be studied foot by foot, and hundreds of 
detailed sections prepared. · Our plans would not admit of this detail, 
and, therefore, much must remain obscure until we can gain the time 
to make special studies of the more difficult localities. Besides, we 

, need better maps, which are now in an advanced state of preparation. 
It is plain, however, that the sedimentary beds are essentially the 

same as those of the Park range, and that they have been subjected 
to greater overturnings than those of ·that range. There is at the 
base, and resting on the granites, a great thickness, perhaps in the 
~ggregate 2,000 feet, of quartzites and limestone in alternate strata. 
Above these is a great thickness of limestones of a more modern aspect, 
with well-known Carboniferous fossils in them, and in some localities 
very abundant and well preserved. Above these comes a vast group 
of red sandstones assuming a great variety of textures, as well as 
shades. of color4 at different point~. A?o~e c.ome i~ re~ular order. the 
JurassiC and Creta·ceous groups. In this district of chaotic overturmngs 
we saw no rocks of more modern age than the Cretaceous, though it is 
quite probable that a more extended exploration would have discovered 
them. The main streams that flow toward the west have cut deep 
gorges directly through the uplifted ridges, as well as dikes, while the 
side branches have formed in many instances parallel valleys. In all 
cases the amount of detrital matter is very great. Huge masses of 
granite are strewn over the surface, sometimes in the valleys and some
times on the sides of the hills or mountains. The peak named on the 
map as Italian Peak, 13,255 feet in height, is an example of the varie
gated colors of the rocks, due to the flowing upward through the fissures 
of the melted rocks, accompanied with a force that tilted the sedimen
tary strata in all directions. 

Leaving the valley of the Gunniso{l, we took a southwest course, up 
a nearly dry, rather broad, grassy valley, to the divide, and descended 
again to West Taylor Creek. These little side-valleys occasionally 
close up for a sbort distance in a sort of gulch or canon, then suddenly 
expand out into an open oval one, covered with thick grass like a · 
meadow. This is a very common form in these mountain-districts, es
pecially where the granites prevail. Soon after passing the divide we 
find the sedimentary rocks cropping out everywhere. In the valleys 
there is a great amount of the superficial drift, forming rounded hills or 
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long ridges, tbe surface being covered over with fi'agments of limestone, 
sandstone, and pudding-stone. About four miles below the divide the 
little stream cuts through a high ridge. On the south side the ridge is 
composed largely of laminated trachyte, inclining to the northwest at 
an angle of 6oo. vVhile on the .north side the rock is more compact, 
hard, and full of masses of quartz; as if the old granite had been turned 
to a somber gray by the heat of the igneous rocks; tbis mass, which is 
very conspicuous and rises 800 feet or more above the little stream, ap
pears very distinctly stratified, and inclines 600 northeast, while the 
limestone-beds dip northwest 300 to 6oo. This is a most complicated 
piece of geological work, which would require more time than any of 
the party could devote to it to work it out in detail, though the report 
of Dr. Peale is more complete. ~vVe believe that the igneous rocks have 
been pushed up from beneath the overlying quartzites and limestones 
in the form of dikes, along a line trending about northeast and south
west. The peculiar bedding of the trachyte is so regular that it gives 
them strikingly the appearance of stratified rocks. There are several 
t:idges nearly p~rallel which present somewhat the form of an anticlinal, 
the felstone porphyries being lifted up so that they present their basset 
edges opposite the outcropping edges of the limeston~ and quartzites ; 
thus one side of .the anticlinal is composed of igneous rocks, and the 
opposite side of sedimentary. Between the porphyritic rocks and the 
limestones there is quite a wide interval, 400 or 500 feet, worn out by the 
action of water, and covered with debris, but underneath are the up
turned edges of quartzites, pudding-stones, and sandstones. The strike 
of the limestones is about southeast, with a dip northwest 600. The 
limestones are 150 feet thick, and filled with corals, Productus, and other 
forms, which indicate (]arboniferous age; the whole standing up like a 
massive wall 300 feet high. On the outer side of the wall comes 400 or 
500 feet of soft sand, reddish-yellow and brown, witll some harder lay
ers of sandstone, inclining at the same angle, but worn dow:g low, and 
covered with grass. Then comes another bed of trachyte, with ·the 
layers forming a synclinal with the Carboniferous limestones. Between 
the two trachytic ridges deep side-gorges are worn do~n to the stream 
that has cut its channel through all the riUges at right .angles. .About 
two miles farther, near the junction of the little stream that flows from 
the foot of Italian Peak, on the east side, the reddish sandstones occur 
with layers of a coarse conglomerate, made up of well-worn pebbles of 
limestoile and quartzites, much like the conglomerate seen near Mount 
Garfield, in Montana. I .think there is here an example of a great faultr 
where the old Silurian quartzites and limestones have been lifted by a 
force acting vertically, so that the strata are horizontal, while the 
younger beds, Carboniferous and Triassic, are inclined from the west 
side at an angle 600 to 800, The valley is full of detrital matter, and at 
one point the stream cuts through a sort of moraine, showing a section 
of 60 feet on either side composed of gravel and huge bowlders much 
worn, while high up on the sides of the hills bordering the valley this 
drift conceals to a great extent the basis-rocks. The rather rounded 
wooded ridge on the west side of the .branch is covered with the debris 
of the trachyte, which shows that the dikes penetrated the crust 
everywhere. The sedimentary rocks crop out here and there, so that 
we· can infer their existence. Sometimes only t4e quartzites are left, 
and the igneous material has been poured over them; again, on the 
Carboniferous limestones, or the red sandstont>s of the Triassic, or even 
the black clays of the Cretaceous. All these formations crop out from. 
beneath the trachytes in the vicinity. 
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We passed up the valley of a small stream that flows south ward from 
Italian Peak. This peak is literally filled with dikes, which have so 
changed the contiguous rocks that they present a great variety of struc
ture and color, and hence the name. Indeed, the peak itself is the 
result of pressure of the igneous matter from beneath. On the north
east side the gre.at mass has been pushed up 1,500 feet, so that on 
the south side the unchanged quartzites, rusty brown and gray, stand 
vertical, and in. some instances 35° past a vertical. The stratified 
quartzites are full of seams of crystalline quartz with what appears 
to be silver ore. The upthrust of the igneous rock has produced great 
chaos in the beds. Above this locality on the peak there is a fault in 
which the entire group of Silurian strata is thrown off from the dike so 
that one portion is separated from another and is lifted 11p vertically 
1,000 feet above the original point of junction. In tllis district of igneous 
uplifts the faults are very numerons and striking. Thrust in between 
the strata are irregular layers of the trachyte, varying from a foot to 
.several feet in thickness, and extending horizontally sometimes several 
hundred feet, thinning out at each end. One of these intrusions ex
panded to a thickness of 40 feet on the east side of the peak. From 
t.his peak we have a most remarkably extended view on every side. To 
the south is the East Fork of the Gunnison wit.h the red and yellow beds 
in the foreground, and far distant the older rocks are thrown up at 
various elevations, apparently local uplifts. To the west is a vast group 
-of sharp, jagged peaks and crests, saw· like, with stratified cone-shaped 
pyramids; some red, others dark ashen-brown, or maroon-color. All 
the rocks, as far as the eye can reach, appear to be stratified, though 
inclining in various directions. The general level of the summits of the 
peaks is upward of 13,000 and perhaps 14,000 feet. To the ea-st we see with 
great distinctness the valley of Upper Gunnison with the Sawatch range 
beyond, and on the west of' the range the ridges of stratified rocks in
clining from it. These extended views from the summits of the highest 
peaks enable us to generalize to some extent the local details that we 
have already worked out. We see thousands of feet in thickness of 
.stratified rocks, tilted in eve!y direction by a great number of local up
thrusts of the igneous rocks, so that we see strata of different ages some
times on the summits of the highest peaks, over 14,000 feet abo-ve the 
sea. And again, in the lowest valleys we have a thick group of Silurian 
strata, quartzites and limestones, then above them a group of Carbon
iferous beds, then the red or Triassic, and in some instances the Cre
taceous; but the latter are seldom seen on the high mountain-ranges. 
As near as we could estimate, there are- near this peak 2,000 feet or more 
of Silurian quartzites and impure limestones; 1,500 to 2,0u0 feet of lime
stones and shales of Carboniferous age. 

From the Italian Peak we descended the valley of the little stream 
that flows from its 8outh base and runs southward into a branch of the 
Gunnison. On the west side of the valley, or gorge, a wall of quartz
ites rises up nearly vertical 2,000 feet. This valley presents an example 
of a synclinal in which the shales are most chaotically crushed together. 
The quartzites incline from each side of the valley or gorge. Dikes 
of trachyte pass across the strata from east to west, sometimes disturb
ing the beds so that they incline north and south, and again the dikes 
are seen without any disturbance of the contiguous rocks. Quite abun
dant fossils were found in the Carboniferous limestones; among them 
Athyrus subtilit'a, Productus, corals, crinoids, &c. 

A.s we continue toward the west the red or Triassic beds in full devel
opment cover the surface as far as the eye can reach, interrupted only 



---------------------------------- ---

Gothic Mountain, Elk Range. 

Pig. 1:3. 

Italian :Mouutain. 





HAYDEN.] GEOLOGY-MORAINAL DEPOSITS. 61 

in restricted localities by the ouitflow of igneous matter. Between East 
Fork and the next branch a long ridge runs nearly west down toward 
the Gunnison 1,200 to 1,500 feet above the stream. On the north side 
of the valley of the east branch the dip is variable from 10° to 30°, 
and trending toward the west and northwest. There is really here 
a broad slope extending from Italian Peak to Teocolli, where the little 
streams have carved out deep gorges through the red sandsto~es and 
pudding-stones. The aggregate thickness here cannot be less than 
2,500 feet, and it may be much more. The valleys or gorges have all 
been formed by erosion, and from margin to margin they are usually 
about ,a mile in width, sloping do~n more or less abruptly to the bottom, 
where the immediate valley varies from 100 yards to one-fourth of a mile 
in width. 

The texture of these red beds is very variable. Conglomerates vary
ing from a fine pudding-stone to a coarse aggregate occur all through 1 
the mass, but are not continuous. The entire group indicates deposition 
in disturbed waters. In tracing a bed horizontally sometimes it will 
thicken to a massive fine sandstone, then gradually thin out, and ·in its 
place soft, yielding · shales appear. Sometimes a bed will be a coarse 
conglomerate, and in a short distance . it will change into a fine sand
stone or even soft sand loosely held together. The irregular laminre' of 
deposition and wave-marks are shown everywhere also, and the signs 
of quiet waters are local and of comparativel;y short duration. The map', 
when completed, will show a water-divide between the branches of the 
Gunnison and. those of the Blue, trending about northwest and south
east, with Italian Peak at the southeast end, with Castle, Maroon, and 
Black Pyramid along the line, and ending in Sopri§i Peak. The 
numerous little branches will be seen extending down from this crest; 
uniting to form the larger streams on either side. All the~e little 
branches rise in broad amphitheaters which have been produced 
for the most part by erosion or the slow process of wearing out in a 
more or less circular or semicircular: form by water and ice. 
These amphitheaters are numberless and occur on both sides of 
the crest. In many places the wearing out of the amphitheaters 
on both sides has been such as to remove hundreds of feet of the crest, 
thus forming a pass of greater or less elevation. In these amphithea
ters vast bodies of snow accumulate ·during the winter, a portion of 
which, in many instances, remains all the season. In the spring the 
process of thawing and freezing commences, and the slow breaking down 
of the amphitheater walls is continued. Thousands of little streams are 
formed by the melting of the snow, and the water flows down to join 
the main streams. 

All these great ranges of mountains are full of fissures, which, running 
in various directions, break up the entire mass. We can :find these 
openings full of ice at almost any season of the year, and the well-known 
power of ice by expansion need not be stated here. This action will 
account for the vast .quantities of debris all over the sides and sum
mits of our mountain-ranges. The more prominent the range of 
mountains the more conspicuous is this feature, and the debris 
becomes most noticeable among all . the great ranges of Colorado, 
as well as :Montana. The Sa watch, Park, and Elk ranges are. excellent 
illustrations of what I have attempted to describe above. From the 

, crest or divide between the branches of the Gunnison and .the Blue 
Rivers, the little branches have carved out deep valleys or gorges, nar

. row or wide, depending much upon the texture of the rocks through 
which the stream bas cut its way. Many of these valleys are covered 
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with thick grass far up on the sides, and even on the ridges between the 
streams, so that as a grazing region it must be excellent. At a period 
not far distant, this portion of Colorado must be settled to some extent 
by a pastoral people. 

We find, therefore, that from · this crest or 'divide two great plateaus 
descenj. in opposite directions, forming, in the aggregate, a huge anti
clinal, cut deeply by the numerous streams that rise on the divide. This 
inclination,on the one sidetothesouthorsouthwest, and on theothertotlie 
north or northwest, is interrupted here and there by dikes of more mod
ern origin probably than the granite nucleus of the crest. Sometimes 
these dikes disturb the sedimentary beds, reversing their dip or produc
ing great faults, and again they penetrate some fissures without chang
ing their position. In the red sandstones that wall in the valley of the 
little branch just east of Teocalli Creek is a very interesting dike of the 
gray igneous granite, with a strike about northeast and southwest. It 
passes across a little fork just at its junction with the main branch, and is 
most distinctly seen at the summit of the wall on the west side. The ig
neous matter seems to have flowed up through the fissure without disturb
ing the contiguous strata of Triassic sandstone, which are nearly horizon
tal, and therefore there could not have been a great display of force. It is 
probable that the origin of this dike is synchronous with the main 
nucleus, for the materials are apparently _the same. As the little mount
ain-stream flows across the dike its greater hardness has formed a beau
tiful cascade. vYe might dwell long on the great varieties of beautiful 
forms which the crystal mountain-water assumes as it flows down the 
rugged gorges. A dike about 50 feet wide passing across the channel, 
the greater local hardness of the sedimentary rocks, or a reverse uplift, 

·will produce cascades of remarkable beauty. . 
Mr. Jackson, the photographer of the survey, has preserved a number 

of scenes from this region, and in each one of these almost numberless 
gorges that extend from the mountain-crest far down to the Green and 
Colorado Rivers, two hundred miles or more, there could be found 
many of these charming water-falls. Scenes of great beauty meet the 
eye at every step, and yet the area is so large that we must have left 
unseen by any member of the party views of even greater beauty and 
value;- It is probable, however, that our determinations of the geologi
cal structure of the country passed over are substantially correct. 

A great portion of the surface is covered with a thick forest of pines. 
In the autumn the fires not unfrequently sweep through these forests, 
destroying their vitality, and soon the winds prostrate them .in every 
direction, forming a net-work over which it seems almost impossible for 
our animals to pass. These difficulties are met with in the mountainous 
portions of the West ; and in Montana, 1871 and 1872, our work was 
very much impeded, and in maby cases arrested, by the intricate masses 
of fallen timber. The Elk 1\iountains are not more difficult of explora
tion on that account than the Sa watch range. In our description of the 
Mountain of the Holy Cross we shall allude to this fallen timber again. 
It is difficult for any one not familiar with this country to comprehend 
how important an element of ~inderance this is in making a detailed 
exploration of the country. Very frequently we are obliged to cut our 
path through the logs for great distances, making only a few miles a day. 

At the head of Teocalli Creek is a high mountain-peak which we 
named Whiterock, from the fact that a seam of white or light gray 
igneous rock, 60 feet wide, passes through . the middle of the summit 
vertically. The material is quite soft, disintegrating into moderately 
coarse sand. The rocks composing the mountain are quite varied in 
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texture, though all evidently of igneous origin. The jointage is in many 
cases vertical, separating the mass into blocks varying in size from a 
few inches to 2 or 3 feet cube. This vertical jointage gives a sort 
of columnar appearance to the sides of ,the peak in the distance. 
The sides are also deeply furrowed. There are three sets of master
joints, with a multitude of smaller ones. The consequence is that the 
sides of the mountain and the several amphitheaters are covered with 
immense quantities of debris. The whole mass is filled with water 
and ice during the winter, and in the spring, as the ice and s:now melt, 
it moves down the declivities slowly, like a glacier. Sometimes cavities 
or reservoirs are made, and the melted snows form beautiful little lakes. 

From the summit of Whiterock Mountain, which rises 13,563 feet 
above sea-level, the eye sweeps over a scene of apparent chaos on every 
side. There is a wilderness of high peaks with deep gorges extending 
out in every direction, 2,000 to 3,000 feet deep. The entire range is 
composed of what may be called upthrusts of igneous granite; that is, 
the granite is thrown up most irregularly, at various elevations, from 
beneath the overlying sedimentary beds; sometimes carrying portions 
to the summits, or tilting them from the sides at various angles, or leav
ing them 2,0GO or 3,000 feet below. While there are numerous points 
of upthrow in this region, there seem to be a number of foci of greatest 
power. The Snow Mass group and Whiterock Peak may be regarded 
as illustrations of tremendous upward force. From the summit of White
rock Peak the deep gorges with nearly vertical walls for 2,000 or 3,000 
feet in depth, showing sections of the .rocks as perfect as if cut down by 
human agency, can be seen on every side. \Veean see the junction of 
the stratified sedimentary beds with the granitic core. The variety of 
coloring to these groups is due to the different degrees of heat to which 
they have been subjected. The lowest group of sedimentary beds, 
although exhibiting all the st~ges of metamorphism, is usually of a 
yellowish-brown color, and made up of quartzites and impure lime
stones. I regard them as of Silurian age, and most probably Lower 
Silurian; 500 to 800 feet are shown in this vicinity, but the aggregate 
thickness must be much greater. Then above this group there is a 
series of maroon or deep purplish-brown sandstones, quartzites, and con
glomerates. These vary much in color, from a light brick-red to a 
purplish-brown or maroon color. They reach a thickness of at least 
1,500 feet, and probably more. This group is probably of carbonif
erous age. It may be found capping the highest peaks of Elk 1\foun
tains, over 14,000 feet above sea-level, and is weathered into unique 
forms of cones, pyramids, &c. The third series is a bright brick
red, and is probably of Triassic age. No one has, as yet, found 
any organic remains in any of these beds; and therefore we can only 
express a belief in regard to their age, strengthened by observations in 
adjacent portions of the district. From the summit of Whiterock 
Mountain the view on every side is most remarkable, presenting the 
aspect of chaos, as if the entire group of stratified rocks, which origi· 
nally covered the area now occupied by the Elk Mountains, had rested 
on a vast pasty mass of the granite, but which, by forces generated . in 
this pasty mass, had been lifted up and tossed, as it were, in every direc
tion. The faults are very numerous and of huge dimensions. Some
times a group of strata is broken off, so that one portion is from 100 
feet to 2,000 feet above the other portion. Sometimes 1,000 to 2,000 
feet will be elevated by a force acting very nearly vertically, so that 
some of the loftiest peaks, as Maroon Peak, 14,000 feet; Bh:wk Pyramid, 
13,000, and many others nearly as high, are composed entirely of strati-
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fied rocks inclining at small -angles. Again, the beds are tipped off 
from the granite core at all angles froin 100 ·to a vertical, and not unfre
quently past a vertical, and there are in the Elk range the most won
derful instances of the .complete overturning of immense groups of beds, 
so that for several miles there is a double series, from the Silurian up to 
the Cretaceous, inclusive, and then rising upward in inverse order, as is 
shown at tbe head of East River and near Snow Mass Peak. 

Again, the two forces, one vertical and the other tangential, seem to · 
have acted at the same time, throwing 1,000 feet or more of older 
strata directly over rocks of more recent age. The complications are 
so great in the Elk Mountains that we could only make a preliminary 
survey, and a special study must be made of this entire range. This 
we propose to do the coming season. 

By looking at the map of Elk Mountains it will be seen that several 
streams have their sources in the Whiterock Peak. The little branch 
that rises at the north side and flows around to the southward has 
already excavated its amphitheater back nearly a mile, while the granite 
here is rounded or smoothed as if by the movements of masses of ice, 
though much of the erosion must have been performed by the movements 
of vast masses of loose earth and debris. From the . real base of the 
mountain one can follow up this gulch ·for several miles, rising, as it 
were, step by step, on a series of irregular terraces, which are the result 
of these accumulations of debris. In this instance, the difference of 
·elevation of the real base of the peak and the immediate foot of the 
crest is at least 2,000 feet, and the width from a fourth to a half a mile, 
so that one can arrive at a moderate estimate of the tremendous work of 
erosion which has been performed here. At the head of this amphitheater 
the crest is so narrow that it was with extreme difficulty that we could 
creep along it, and we could look down on every side into similar exca
vations. These mountain-ranges, of which the high peaks now form 
the conspicuous features, were originally of considerable width,. varying 
from half a mile to several miles, but now the crest or divide may be 
represented on the map as a zigzagline; the sources of the little streams 
running not unfrequently from them, having already removed this crest 
for a little distance, thus forming a kind of low pass. The sides or 
walls of these gulches are usually very steep, in many cases vertical, 
but when the upper portions are composed of the easily disintegrating 
sandstone, the vegetation, of a most vivid green color, has crept high up 
on the sides, and the upper border is composed of a series of tongue-1i~e 
points, whieh give to the picture a unique appearance. It would appear 
as if the grass had struggled ineffectually to scale the sides of the gulch 
to the very crest. In some instances these little tongues or points do 
extend 20 to 50 feet above the main mass below. The melting of the 
snow forms little furrows down the steep sides, and between them are 
the sharp points or tongues of vivid green vegetation. 

Ascending the valley of East Creek near its source, we p~ss over the 
sands and clays of the Cretaceous group, containing a few characteristic 
fossils, as the Baculites ovatus, and several specieS' of Inoceramus. As 
we proceed west and northwest the Cretaceous rocks increase in thick
ness and extent. The valley of the East Fork, as we see it near Gothic 
Peak, is a kind of monoclinal, the rocks apparently . inclining in the 
same direction, the west side being abrupt, while the east side has a 
steep slope. Gothic l\iountain is composed of · a vast mass of igneous 
granite projected up through the superincumbent beds of stratified rocks, 
perhaps raising them to a greater or less extent, but apparently not 
changing the horizontal portion of the Cretaceous beds, whi.ch are all 
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the sedimentary rocks that are visible around the base. There are the 
black sbaly clays which occur above the Dakota group, and whenever 
they are in contact with the granite core, they are metamorphosed into 
slates. . Debris covered with vegetatiqn conceals the slates below the 
igneous core for the most part, but on the steep sides a considerab~e area 
is exposed here and there, and, so far as -we can see, the disturbance bas 
not been great. Just on the opposite side of the stream a bed of blue 
limestone rises up from beneath the black shales filled with Inocermnus, 
probably of the age of No. 3. This limestone is partially changed by 
beat. A little below the Gothic ~fountain the stream cuts a gorge 
through this limestone, with walls 30 to 50 feet on either side, quite 
compact, and resembling mason-work. The black clays of the Creta
ceous extend up Gothic Peak more than balf-waJ; above the bed of 
the stream, 1,000 feet or more. : Near the top of the shales there is a 
band of trachyte which extends through the peak, along the side of 
the ridge, to the sources of East Fork, several miles above the peak. It 
is undoubtedly a dike separated from the main mass of the peak by a 
band of shales. As it appears to one ascending the valley, it seems like 
a rocky stratum of irregular thickness interstratified wit.h the black 
shales. The valley is in part one of erosion. From margin to margin 
it varies from one to two miles in width. At the upper end the 'stream 
separates, one branch extending . up into the ridge on the east side, and 
the other cutting its way through the cross-ridge that separates the 
East Fork Valley from the branches of Rock Creek. The west branch 
cuts through the cross-ridge bf which Bellevue Peak is the prominent 
point. At the summit of the divide, which is full 800 feet below the 
summit of the ridge, there is a beaU:tifnl green lake fed by the melting 
of the snows; and it would be easy to believe that in seasons of high 
water the little lake drained both ridges into Rock Creek north, and 
into East River south. This might be given as a well-marked example 
of a two-ocean lake if it were situated on the main Rocky l\iountain 
divide. On the east side of the source of East River are the red beds 
in their full development, and on the summi.t the quartzites, yellow, 
drab, and brown, varying in intensity, depending upon the amount of 
heat to which they have been subjected. The cross·ridge which sepa
rates the drainage of East River from Rock Creek trends about east and 
west. We pas~ ·over this ridge and descend into a. deep gorge-like 
valley, with its side-gulches cutting deep through the ridges. This 
cross-ridge shows a complete subversa.l of the sedimentary group from 
the quartzites to the Cretaceous inclusive. Bellevue Peak is made up 
of two sets of Cretaceous beds, the upper series being reversed, so that 
t.he lowest portioH caps the summit of the peak. This peak is literally 
riddled with dikes that have changed the shales into slates. This c~·oss
ridge is a part of a long ridge of overturned strata with a trend west to 
north ten to fifteen miles in length, extending to Sno~ Mass ~Ioun tain. 
Dikes of trachyte project from the sides of the ridges at different eleva
tions, varying from a few feet to over 100 feet or more, and resembling 
in t.he distance massive beds of gray sandstone i:nterstratifi.ed with the 
&bales and clays of the sedimentary group. Here and there these dikes 
are nearly vertical, or incline at a high angle in the side of the ridge. 

From Bellvue Peak we followed a trail on the east side of Rock Creek 
Gulch, just below the summit of the ridge. The sid~s and bottom of 
the valley were composed of the Cretaceous clays with the beds of lime
stone containing characteristic fossils. As we ascend the ridge we find 
the entire Dakota group overlaid by the Triassic, passing up into red 
beds, showing most clearly that for ten to fifteen miles the great mass 
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or aggregate of the sedimentary strata has been completely overturned. 
A careful, detailed study of this interesting locality would show very 
many instances of this overturning of the beds as well as faults of the 

.. most remarkable character. From Bellevue Peak we started for the Snow 
Mass range in a northwest direction. The dikes in the Cretaceous strata 
were very numerous. The igneous matter seems to have been forced 
up through fissures in the rocks which were produced by the uplift. On 
the west side of our trail the little stream which has worn out the deep 
canon and forms the south branch of Rock Creek presents in the walls 
a wonderful display of the beds inclining about southwest 50 to 100. 
The strata here indicate in a marked degree two primary movements, 
the vertical and tangential. The summits of the ridges on the west side 
of the high mountain-ridges, at least 13,000 feet above sea-level, are 
capped with the black clays and quartzitic sandstones of the Cretaceous 
group, while underneath are the variegated sandstones and quartzites, 
more or less changed by heat.. These rocks present every degree of 
change to the most compact quartzites or slates. The whole must have 
rested· upon a viscous inass, and by strange manifestations of the force the 
superincumbent strata have been tipped in every direction, and through 
the fractures thus formed was squeezed, as it were, the melted granite, 
forming the numerous dikes which occur everywhere and of every pos
sible form and size. Sometimes an aggregate mass of several hundred 
feet of well-defined strata is bent in graceful curves. These examples 
of :flexure are very numerous, and vary from a slight bend to an arc of 
a circle. The gorges which are cut deep down into the sides of these 
ridges display the :flexure as well as the faults and dikes in a remark· 
ably clear manner. The variegated color of the beds adds greatly to 
the picturesque beauty of the scenery. 

The Snow Mass range presents one qf the most marked examples of 
the complete subversion of the strata by the elevation of the great group 
of granite peaks which form the core of that range. Our camp was 
made in the valley of Rock Creek, on the south side of the range. The 
high ridge which extends down from the southwest side is composed of 
the double set of strata. The lower group, which holds nearly its normal 
position, inclines at a small angle, while turned completely over on this · 
set or group is the same series in reverse order, like the overlaying of 
sheets of paper or cloth. The Cretaceous shales are at least 60° past a 
vertical, while the Jurassic, Triassic, and older .beds incline at various 
angles, varying from uoo to 400 past a vertical. The great group of 
peaks which formed the center of the movement rises nearly 14,000 feet 
above the level of the sea, and is composed of massive granite. The 
jointing of this granite is very marked. One of the masterjoints is 
verti,cal with a direction about east and west. The joints are not all as 
regular as the vertical, but they are so well defined that the mountain 
is much broken up, and easily yields to the influence of air and moisture. 
The sides and base of the range are covered with an immense quantity 
of debris, the masses of rock varying in size· from a few inches to 20 or 30 
feet in diameter. ln-some instances the sides of the mountain seem 

' to be made of massive layers that break oft' in folio, as if the granite had 
cooled in concentric layers. The entire range is in this way slowly but 
constantly falling down, so that from base to summit the talus is quite 
remarkable in q\}antity. At the base~~on the south side, there is a 
beautiful lake about 300 yards long and 150 wide, on which an abun
dance of water-birds were swimming and feeding. This is named on the 
map Elk Lake. The summit of the mountain is massive igneous granite, 
remarkably compact. From the top of Snow Mass Peak the view is 

• 
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very extended and grand. -To the south we can see the country we 
have just passed over from the Sa watch-range. In the foreground the 
series of sedimentary beds on both sides of Rock Creek, which have been 
subverted by the uplift of the Snow Mass group, the great sedimentary 
covering laid off from the granite as the covering of a bed is drawn over 
from the pillows. At the southeast the lower beds, or those that run 
next to the granites, are nearly vertical in position, but the newer or 
higher ones geologically are tipped far past a vertical. FaTther still to 
the south, across the gorge, is a ridge covered with snow, from the sides 
of which ocher and-maroon strata incline at various angles, on one side 
a0out east, and on the other west, while the nucleus is a mass of igneous 
granite. To the eastward, extending a great distance, the red beds can 
be seen inclining at various angles for the most part from the central 
mass, but full of dikes. It would s·eem that the cones and pyramids 
formed remarkable cross-sections, showing fissures of various widths, 
through which the igneous matter came to the surface. Twenty or thirty 
of these dikes of all sizes are in sight on the east side of Snow Mass Peak. 
These dikes present a great variety of forms. Sometimes the igneous ma
terial has flowed up thro'tlgh vertical fissures, as in the maroon ridge to the 
southeast. In the same ridge the igneous matter has come to the surface 
and overflowed, so that the ridge is capped with the granite. To the north
east there is a red ridge, with a wide vertical dike through which the igne
ous matter has come up from the central mass and overflowed, forming a 
cap to the ridge. At another locality to the northeast we can see· dis
tinctly the ocher beds, or the lowest sedimentary group, probably Silurian, 
resting on the granite, inclining too to 150, and on these a great thick· 
ness of red beds, and on top of the latter masses of irregular thickness 
varying from 100 to 400 feet of the eruptive granite, and at either end 
the red beds again, resting upon the eruptive mass. In this case the 
eruptive material must have been pushed up through a fissure in the 
lower strata, and toward the summit lifted up the upper red beds, so 
that it now appe:;trs like an interstratified mass. For twenty or thirty . 
miles from Snow lVIass Peak to the northward between east and west, 
the red or maroon beds rise in high, long ridges, with immense valleys 
and gorges between. To the northwest are-portions of the Snow Mass 
group and Sopris Peak, all, parts of the great central granitic mass or 
nucleus. Far in the distance, westward, thirty miles or more, is the 
valley or canon of the Grand River, with stratified beds of a light red 
on either side. In the amphit,heater on all sides of this granitic nucleus 
are quite remarkable glaciated rocks, with great numbers of beautiful 
green lakes, which form the sources of numerous branches of the rivers. 
These are reservoirs for the reception of the waters of the melted snows 
which lie in glacier-like masses on the sides of the mountains .. The 
same proofs of the wearing away of these central masses is shown in 
this range which we have so often observed in the preceding chapters. 

· The crest is a thin, sharp ridge, in many places so narrow that it is with 
difficulty one can creep along it. It is remarkably zigzag in its strike, 
enormous amphitheaters having been excavated on both sides, in many 
instances having broken through the crest, either from o.ne side or the · 
other. 

On the east side of Snow l\:fass group there is a fine, large amphithe
ater in which are several small lakes with vast quantities of broken 
rock, and just above them, on the . side of the crest, a vast . glacier-like 
mass of snow and ice, from which, at this season of the year, (August,) 
water is flowing rapidly. \Ve might suppose that in old glacial times 
each one of these amphitheaters was the abode of a glacier which each 
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year slowly moved downward, carrying with it great quantities of earth 
and. fragments of rock far below. The time for this action in its full 
force is now past, and the work of excavation could not have been per
formed, as we see it has been done in past ages, with the forces now in 
operation. . 

Between the two main peaks, each of which is nearly 14,000 feet high, 
the crest curves so as to form a full semicircle, and has been worn away 
so that it is .now 500 to 800 feet lower than these peaks, though it must 
have been originally of the same height at least. We may see that it is 
most probable that much of the originalform of these mountain-ranges has 
been lost, and that their present shape is the result of atmospheric 
forces acting through ages-from~the time of the uplift to the present day. 
It is .also evident that these eroding agencies operated with far more 
power in the past than at present, and that it is most probable this force 
ha~ been decreasing slowly to the present time. The Blue River ran.ge 
is a fine illustration of the same process of excavation. The Snow l\iass 
Peak is really a long, sharp ridge with two points, the northwest point 
being about 300 feet higher than the southeast one, while between the two 
the crest has been worn away so that it is 600 to 800 feet lower than the 
two ends. The shape seems to be given by the flexures of the 
jointing. The sides are deeply furrowed, down which it is probable 
that masses of snow and ice have slidden for ages. On the ~outh 
side these furrows are very deep and regular, and at about ·the same 
distance apart, so that the curved form appears like a series of waves, 
extending from the summit down into the amphitheater. There can be 
no doubt but that they have been worn down by the combined actio.n 
of water and ice. The square masses of granite stand up on these crests 
or ridges like druidical columns. · The remarkably broken condition of 
the rocks composing the entire nucleus of these mountains would indicate 
immense wear, and that all these peaks which are now very lofty were 
once much higher than at the present time. On the south side of Snow 
J\fass, near its base, there are vast masses of igneous rocks that appear 
to be of more modern age. Much of the basalt being porom; like 
slag. It is most probable that the igneous rocks are of different ages, 
and while none of them in their. present form may be older than the 
Cretaceous period, there may have been eruptions of greater or less ex
tent all the way up to the present period. In . tracing the channel of 
Rock Creek up from our camp, we find the black Cretaceous clays dip
ping past a vertical 500 to 6oo. The channel of the little stream reveals 
a complete section of the beds in their order, as well as their position. 
We find two distinct sets of beds, the upper reversed, so that at the 
upper falls we find the quartzites of the Dakota group on the black 
clays of No. 2, and the latter over the limestones that usually charac
terize No. 3. Near the lower part I obtained quite a collection of well
marked Oretaceous fossils, among them Baculites, Inoceramus, and many 
small shells. In the gray liinest,one are numbers of a high, round Inoce
ramus identical with the species found on the east slope of the Rocky 
:Mountains. In No. 2 I found Ammonites, Ostrea congesta, and a small 
shell with scalloped edges like 0. larva. These shales and clays are more 
or less metamorphosed at uifferent localities. 

In the little streams that flow from the high mountains are nu
merous beautiful cascades. There is in most instances a reason 
why the water should be interrupted; and there are two excellent 
examples in this stream above our camp toward its sources. The 
upper falls are produced by the water flowing over the hard 
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quartzites of the Dakota group, and thus the wearing out. of the 
channel was interrupted by the great hardness of tlw rocky bed. 
The lower falls were formed by a dike, which commences on the left 
branch, runs parallel with the strata for 20 or 30 feet, forming t;he top 
of the falls, then drop down diagonally across th.e layers of shale about 
10 feet, and on the opposite side rises again and is lost in the debris. 
At first the trachyte is above a hard layer of calcareous sandstone 
about 2 feet thick, but it passes through that into the softer clays 
below,· where its thickness is increased from 2 to 4 feet. Both the 
upper· and lower sides of the dike-layers the Cretaceous shales are 
changed into slates and are adherent. As we follow up the channel of 
the str.eam to a high hill overlooking· the gorge, we see that the entire 
mass on both sides, and extending for miles, bas been tbrown over to 
the west and southwest, and tllat the occasional sagging or bending 
down of the mass produces a drainage-channel through which the little 
streams find their way. In the case of Rock Creek, the curYe down
ward or sag is 600 to 1,000 feet. At another locality near this creek 
there is a dike 4 feet in width, nearly vertical, or running across the 
strata at right angles. vVe see·, therefore, that the igneous matter was 
pressed up through every fissure of any form through which it could 
gain access to the surface, or relieve the pressure from beneath. Some
times it is squeezed out. between the layers or strata across them diag
onally, or at right angles, in whatever direction the original fissure · 
might take. As we descend Rock Creek the channel reveals the lower 
set of beds from the Cretaceous shales of No. 4, downward to the gran
ites, with the various changes which they undergo. The shales, mud 
sandstones, and clays, of No.4 and No. 2, as well as the gray limestones 
of No. 3, are frequently much changetl. The black quartzites on Rock 
Creek, and the blue limestones, with all the intermediate steps of change, 
are most clearly shown. The gorge or channel is inclosed within nar
row walls, which soon increase in height from 1,200 to 1,500 feet, inclining 
at a moderate angle, 5° to 10o, about northwest, or nearly opposite to the 
dip from Snow Mass range. Gothic Mountain, 12,315, and Crested Butte, 
11,838 feet high, may be regarded as immense dikes, the melted mat
ter pushed up through the superincumbent strata, but in such a way 
as not to disturb to any great extent the great thickness of yie-lding 
Cretaceous shales and clays, so ·that they surround the base of the 
mountains like terraces, apparently in a nearly horizontal position. 
Gothic Mountain presents an illustration not only of the v.ertical up
thrust by which the central mass was brought to the surface, but' also 
shows an irregular la_yer of t}?.e trachyte squeezed out between the strata 
of shale. · 

\Ve have not been able in this chapter to present more than a glimpse 
of the remarkable geological features of the Elk Mountain range. It is 
the purpose of the survey to make a careful examination of this entire 
region as a special study, and therefore only a preliminary notice of it 
can be given in this report. 'V'e have frequently spoken of the chaos 
into which the beds seem to have been thrown by the numerous centers 
of uplift, and so it seems at the first glance; but our map will show that · 
the massive -peaks are located along a regular line which indicates ~ 
true axis of uplift, trending north west and southeast. Studied in de
tail, the geologist will find faults and dikes without number, strata in
clining in every direction and at all angles, and very often entirely sub
verted, yet the aggregate dip and strike may be reduced to a system, as 
we see it on the map, from Italian Peak to Sopris Peak. 

.• 
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OH.P .... PTER IY. 

FROl\1 ELK MOUNTAINS TO l\HDDLE PARK. 

After a preliminary exploration of the Elk range was completed, the 
party returned by way of Twin Lakes around the Arkansas Valley and 
across the divide by way of the Tennessee Pass. · 

As we pass up the valley and examine the comparatively smoothter
races that are well shown on both side§, as well as the wooded foot-hills, 
we form no conception of the deep gorges or canons which are found 
between the mountain-crests. Above the entrance of Lake Creek into 
the Arkansas, the valley is quite wide, though the immediate bottom is 
narrow, but the evidence of erosion in the subsequent deposits of de
trital matter is very marked. Just .opposite :Massive Mountain the 
river-bottom is about a mile in width; then a terrace rises 40 feet above, 
and a second terrace of 500 feet, composed of horizontal strata of sand, 
clays, sandstones, and conglomerates, a kind of modern lake-deposit. 
The distance between the immediate base of the Park r ange on the 
east side of the Arkansas and the Sawatch on t,he west side is about 
ten miles in a straight line. A coarse bowlder-drift or detritus covers 
the foot-hills-to a considerable depth, while beneath are the worn surfaces 
of the granite rocks, which have most probably been ground down from 
their lofty heights by the old glaciers that once ~lled the valley. 

The evidence shows that the waters of the Post-pliocene lake were 
1,200 to 1,500 feet above the present river-bed. In the mountains to 
the west of the pass some valual;>le silver-mines have been discovered, 
and the Homestake district laid out. Very little is known of them as yet, 
except that about seventy tons of ore have been taken out and trans
ported to a smelting-furnace near Denv(;l.r. The yield is reported to be 
from $100 to $200 of silver per ton of ore. The Tennessee Pass forms 
the water-divide between the sources of the Arkansas and some of the 
south branches of the Blue River, as the Roaring Fork. The height of 
the pass is 10,223 feet above sea-level. · 

The country on both sides of the divide is covered quite thickly with 
pines, with here and there openings like meadows. The pine-forests are 
destroyed more or less every year by fires, which sweep over large areas. 
Unless the autumnal fires can be checked, the pine-forests of all these 
mountain-districts must disappear. · 

At the present time the various branches of the Arkansas are choked 
up with ties which are to be floated down the main river toward Pueblo 
for .the use of the Atchison, Topeka ·and Santa Fe Railroad. 

Remnants of the sedimentary rocks appear here and there about the 
divide., but the basis rocks are s.o covered with debris or detritus that it 
is hardly possible to determine them. It is most probable the gtanitio 
rocks prevail. As we descend the west side of the pass in the narrow 
gulch of Eagle Creek the gneisses, with well-defined bedding, are seen on 
both sides for two miles, when patches of stratified quartzites occur, 
resting on th~ upturned edges of the gneisses. · 

About ten miles below the Tennessee Pass, on Eagle River, on the 
sides of the gulch, we have .gneiss, with dikes of trachyte; white quartzite 
stratified, 30 feet~ reddish quartzite, full of seams of white quartz and 
much changed by dikes. The quartzite passes up into a quartzose 
sandstone, rather coarse, 100 feet; yellow-brown arenaceous mud, lime 
stone alternating with seams of shale and quartzite; coarse and fine 
sandstone of various textures, with layers of limestone interstratified, 
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with partings of shale. The layers of limestone vary from 4 inches to 
4 feet in thickness. As we ascend the sandstone predomin~tes, and 
becomes coarser until layers of rotten coarse sandstone alternate with 
beds of pudding-stone and conglomerates. Some of the sandstones are 
quite coarse in texture, and might be called pudding-stones. Indeed, the 
whole section is a repetition of the one near Horseshoe l\fountain. 

The stratified beds are here over 1,000 feet in thickness above the. 
bed of Eagle ~iver. It would seem, therefore, that we have here on the 

, west slope a series of quartzites and impure limestone, like those resting 
on the granites in the Park range, and most probably of the age of the 
Lower Silurian; above them a thick group of Carboniferous beds with num
erous fossils, as Spirijer, Productus, and a trilobite, probably a Phillysia. 
These fossils are found quite abundantly as soon as the more modern 
beds occur. To the eye of the field-geologist this lower group of beds 
presents a much more ancient aspect, where it is seen, than the Carbon
iferous, although there are no remarkable instances of inconformability 
that have come to my notice. I think I can always detect the line of 
demarkation between the older group and the Carboniferous series in 
all cases without the aid of fossils or other proofs, merely by the differ
ence in the general external appearance. As we pass lower down the 
valley of Eagle River, we find high bluff-walls on both sides of the 
river, with several hundred feet of rather loose arenaceous beds with 
bard layers of sandstone and quartzite alternating, of yellow .and brown 
color, evidently extending the Carboniferous group 800 to 1,000 feet 
abo-ve the reddish-brown sandstone. This upper group of beds rises to 
the summit of the ridges as we ascend the river, and probably forms the 
upper portion of the Carboniferous series. The color of the rocks in this 
region cannot be depended upon as of any value in tracing groups of 
strata over large areas. 

The same white quartzites which we have mentioned above as resting 
upon the gneiss a little farther below hold the same position, but 
are quite red. They may be white, gray, red, rusty-yellow, or brown, 
within comparativel~r short distances. 

In the canon of Eagle River the order of superposition is well shown. 
The canon is undoubtedly one of erosion for the mqst part, though, like 
that of the Arkansas River, it is also monoclinal. At the present time 
the indications of any original fracture or fissures are only suspected 
by the inclination of the stratified beds on either side of the river. The 
dip is to the east and northeast from the great Sa watch range, of whjch 
the Mountain of the Holy pross is the northern end. The erosion has 
been so great that the sides of the canon for miles are nearly vertical, 
although the l~ft or east side is much more abrupt. 

Sometimes the quartzites that rest on gneiss will wall in the valley 
at the river's margin; again they will cap the summit of the ridges 
1,000 feet or more above the bed of the river. · 

Both sides are penetrated with dikes to a greater or less extent. At 
one locality, above the Silurian limestone, is a bed of trachyte, apparently 
interstratified, with a bluff-front of 50 feet, with marked vert.ical and 
horizontal jointing. So far as I could discover, it does not extend 
horizontally more than 100 yards. Sometimes the igneous material 
risP;s up through vertical fissures without much disturbance of the con
tiguous beds, and again it throws it into. chaos, . so that while the ge:n
eral or ag-gregate inclination is north or northeast, the local dip is liable 
to be in any direction or at any angle, depending upon the force exerted 
by the igneous outflow. As we strike the main branches of Eagle 
River and they unite, the main river flexes slightly toward the west, 
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and the monoclinal character of the calion becomes more apparent. 
Fragments of the quartz.ites may be seen on the west side, high up on 
the granites inclining northeast ; while on the right gr east side they 
incline in the same direction and dip beneath a vast thickness of varie
gateq sandstone and shales. At first the high mountain-ridges, 1,200 
to 2,000 feet above the bed of Eagle River, are granite or simply capped 
with patches of the quartzite. As we descend the Bagle River an 
increasing thickness of the sedimentary beds is observed on that 
side, forming a steep slope, while on the right or east side the abrupt 
edges of the variegated sandstone and shale rise at least 2,000 feet, 
forming the high rounded ridge between the Holy -Cross and· Blue 
River groups. Opposite the junction of Roches lVIoutonnes Creek with 
E agle River there is a very high, nearly vertica_I, bluff, showing a re
markable section of t lle variegated beds, vYhich are probably of ()arbon
iferous age. 

vVe have already noticed. the quartzites resting on the granites, and 
above the quartzites are impure arenaceous limestones. As we descend 
Eagle River, these roeks, whieh have a more ancient aspect, and whieh 
I regard as of Lower Silurian age, pass beneath the bed of the river, at 
the entrance of Roches Moutonnes Creek, and we have on the east or 
right side of the river the series of strata whieh may be deseribed briefly 
as follows, in ascending order: 

1st. A group of rather light-red sandstone, varying in shades of 
color, oftentimes in massive layers varying from a few inehes 'to 30 feet 
thiek, with partings of . arenaceous shale, varying from a few inches to 
6 feet in thickness. The two upperlayers of sandstone are fine-grained, 
and break into quite regular vertical columns. l'he lower bed is about 
12 feet thick. The layers or strata are all irregular in thiekness in the 

· hori~ontal extension, sometimes tllinning out to a few inehes, and then 
increasing to several feet. In texture the rock presentR every shade 
from a tine-grained sandstone to a coarse conglomerate, and these 
changes may occur in the same stratum within a few feet. Tllere are 
twenty-two layers of sandstone in this group, varying from 2 to 30 feet 
in thickness, and the aggregate thickness is about 500 feet. Some shade 
of red is the prevailing eolor. 

2d. Then comes a series of similar beds, evidently portions of the 
same group, but in this locality marked by differenee in color, being 
mostly yellowish-gray or brown, sometimes with a reddish tinge. The 
first bed is about 6 feet thiek with the same vertical columnar fracture, 
which at a distance gives to the roek the appearance of basalt. This 
group comprises twenty-four beds of sandstone, varying from 2 to 
46 feet in thickness, with shaly partings varying from a few inches 
to 4 feet. This upper group is much finer in texture than the lower 
group, yet all the layers indieate the deposition of the sediments in 

·shallow as well as moving waters, by the oblique laminm and the irreg
ular thickness from point to point. The shaly partings are in many 
cases very mieaceous, and might be termed mieaceous shales; while the 
coarser sandstones, or pudding-stones, are ~ade up of pebbles of quartz 
mostl.r, and so far I could detect no fragments of the sedimentary rocks. 
The shales are also variable in color from yellowish-brown to a light gray, 
then changed into what may be called mud-sandstone, in groups vary
ing from 50 to 200 feet in thi.ekness. Sometimes the mud-shales are 
separated by a few feet of coai·se sandstone or quartzite. The difference 
in the texture of these layers may be detected ·at a distanee by the 
style of weathering; the sandstones fracture with a square vertical 
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Fig. 16. 

Section 01 uptmned strata, Snow Mass Range. (See page 66.) 

a, C1 etaceons. b, Jurassic. c, Triassic . d, Caru. e, Granite. 

Fig. 17. 

View on Roches Moutonnes Creek. (See page 73.) 
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face, while the quartzites weathered in rounded forms, the thin layers 
dropping off concentrically. 

'Ihe composition of those rocks would indicate that the gneis~:c or 
granite rocks were ,;ery largely drawn upon for the'· materials. The two 
groups described above will aggregate at this locality about 1,200 or 
1,500 feet in thickness; but as we descend the river we can see on the 
summits of the mountain-ridge a great additional thickness, so that the 
whole must sum up nt least 3,000 or 4,000 feet. The character and 
texture varies much in different localities, but the description given 
above will app1y to a great thickness of beds which extend over a 
greater or less area west of the Sawatch range to the Colorado Hiver. 

Our trip down the E~gle Hiver had for its principal object the dis
covery of some way of access to the mountain of the Holy Cross. A 
little stream joins the Eagle Hiver from the west side, "rhich rises among 
the group of mountain-peaks of which the Holy Cross is most conspic
uous. The valley of this stream varies from one-eighth to one-fourth of 
a mile in width, and is about eight or ten miles in length, and so cov
ered with the rounded glaciated forms of granite that it was impossible 
to ascend it with our pack-trains. vVe were obliged to descend the 
river about three miles and then climb the steep mountain-side over a 
net-work of fallen timber. The obst.ructions to traveling were very 
great. We often labored for a day or two to find some path to approach 
tlte mountain-peak, and were obliged to cut our ·way through the fallen 
timber, and ·finally succeeded· in gettillg within about five miles of the 
base of the peak. 

The most remarkable feature of- this wonderful region is the proof of 
a great anci~nt glacier which must have fi,lled up the valley from mouth 
to source. The bottom, extending high up on either side, is covered 
with the rounded granite masses, varying in size from a few feet to sev
eral hundred feet length; so that, looking down upon them from a high 
point, they resemble a huge flock of sheep, and from this fact they have 
received from the Alpine geologists of Europe the appel1ation ·of 
"Roches Moutonnes." It is most probable the valley itself has been 
worn out of the granite mass. The mountains on either side rise to the 
height of 2,000 to 3~000 feet above the valley, and the glacial markings 
are visible 1,200 to 1,500 feet. The morainal depo~dts on the north west 
side reach a height of 1,200 feet ftbove the stream . and form a sort of 
irregular terrace, which, when cut through by the little side-streams, 
show that it is made up of gravel and bowlders much worn. In some 
instances there are t.well-worn cavities in the sides of the mountains, 
showing ho~ 'the running water, in connection with a mass of rock, 
formed the cavity much as a '' ·pot-hole" is made in our streams at the 
present time. 

Many of the ''sheep-backs" are still covered with a ernst like enamel, 
but usualJy this has peeled off. There is no doubt that aU. these rounded 
granite masses were originally covered with what may be calle4 a glacial 
crust which has scaled off, so that only remnants remain at the present 
time. The rounded masses of granite are mostly oblong in form, or lie in 
parallel lines, as if the little stream bad originally occupied a dozen or 
more channels parallel to each other. 
• The amphitheaters on the west side of the mountain are quite numer
ous, at least a half~dozen in number, giving bi'rth to as many streams t,hat 
flow down the mountain-side. These unite in the valley, and form a 
good-sized stream, 150 feet wide and 2 feet in depth. 

At the upper end there is p, boggy meadow covered with high, coarse 
grass. This meadow is .about one-fourth of a mile in length and about 
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the same distance in width. This must have been originally the bed of 
a glacial lake, scooped out by glacial action as a sort of reservoir for the 
sediment swept down from the mountain-sides. The sheep-backs com
mence at the lower end of this basin and continue for about ten miles, 
presenting undoubtedly the most remarkable illustration of this partic-
ular kind of glacial action ever seen ori. this continent. . 

The main mass of the peak, like the whole of the Sawatch range, is 
composed of granite gneiss. The summit of the Holy Cross is covered 
with fragments of banded gneiss. The amphitheaters on all sides have 
been gradually excavated, as heretofore described, and the more or less 
vertical sides show the intermediate steps very clearly. The character
istic feature of the Mount of the Holy Cross is the vertical face, nearly 
3,000 feet on the side, with a cross of snow which may be seen at a 
distance of fifty tb eighty miles from other mountain-peaks. This is 
formed by a vertical :fissure about 1,500 feet high, with a sort of 
horizontal step, produced by the breaking down of the side of the 
mountain, on which the snow is lodged. and remains more or less all 
the year. Late in the $Ummer the cross is very much diminished in size 
by the melting of the snow -which has accumulated in the fis'Sures. A 
beautiful green lake lies at the base of the peak, almost up to timber
line, which forms a reservoir for the waters from the melting snows of 
the high peaks. From this, one of the main branches of the Hoches 
11-1outorines Creek flows down the mountain-side, forming several charm
ing cascades on its way. The worn rocks or'' sheep-backs" in the valley 
of the creek display most remarkable examples of the curious markings 
on the surface of gneiss produced by. the separation of the different 
constituents of the rocks. 

The red feldspar sometimes ·makes bands or seams crossing each othe.r 
like mosaic work. Then there are patches of all sizes and shapes, in 
which the particles of mica are so fine that they appear like rounded 
masses inclosed in a coarse feldspatbic matrix. 

Many of the rocks look as if they were covered with a confused mass 
of hieroglyphics. · These peculiar markings in the structure of gneiss 
are not uncommon, but they are shown on such a scale in this locality 
as to attract attention. -

We have already described the canon of Eagle Ri\er as monoclinal 
in part. It runs nearly parallel with the upheaved ridges, but as it 
descends passes into the sedimentary oeds from the granites to the Cre
taceous clays of No. 4. At first the canon cuts deep into the granites, 
1,000 to 1,500 feet~ with vertical sides; soon the quartzites come in rest
ing on the granites, and then cherty limestones of the thickness of 
1,000 to 1,500 feet, which are undoubtedly a part of the same group seen 
in the Park range, on the west side of the South Park, and regarded as 
of Lower Silurian age. The channel cuts through an enormous thickness 
of variegated beds, not only in color but texture ; a most remarkable 
group, with an aggregate thickness of 3,000 to 4,000 feet. That this 
group is of Carboniferous age, the few fossils that could be detected in 
different localities seemed to testify. -

As we descended this stream toward the main Blue River, the high 
sloping ridges are seen on the left or south side, the dip well exposed 
in , the channels of the streams that have cut deep down from the 
mountain-crests. Great quantities of worn bowlders and loose detritus 
cover these ridges, growing more abundant toward the base or near the 
river. On the north or right side the outcropping edges of the sand
stones and indurated clays and shales are seen, the texture determinillg 
the abruptness of the sides of the. canon. • , . 



Fig. 18. 

Mountain of the Holy Cross. 
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There are great numbers of side.canons formed by the little streams 
that have their origin high up in the Blue River range. 

We find here two forms of river-channels or canons; one nearly 
parallel with the lines of fracture, monoclinal, as I ha-ve called them for 
want of a better term, and the other at right angles to the ridg~s and 
carved out of the solid mass. In the first class the drainage must have 
commenced in a fracture, but erosion has been the main agency in the 
formation of the canon; in the latter, the channel is in most instances 
entirely due to erosion, the strata corresponding in position to a greater 
or less extent on both sides. Between the northwest end of the Sa watch 
range and the Blue River range there is an immense mass of ~edjmen~ 
tary strata crushed in between the two great axes of uplift as it were, 
forming a sort of synclinal. The beds incline with tolerabJe regularity 
from the Sa watch toward the northeast, though the dip varies from 100 
to 50° or 600. Sometimes the dip, close up to the margin of the mount
ain-summits, is nearly vertical, but in a few instances great masses of 
strata seem to have been carried up on the underlying granite, produc
ing extensive faults, as seen in the Park range. But the elevation of 
the Blue River range seems to have been somewhat peculiar, the force 
having ·acted nearly vertically, so that on the west side of the range the 
sandstones jut up against the sides with but a slight dip. Following 
up one of the branches of Eagle River, which rises high up in the west 
side of the range and carves a channel across the uplift, we find the in
clination from Eagle River extending eastward for about six miles, 
where there is a sort of sag or depression and a reversed dip from the 
Blue River range. · 

• From Eagle River Valley we made a side-trip to the Blue River 
range, ascending the highest peak, 1\Iount Powell, by way of one of the 
little streams that rise on the west side. There is no name for this little 
stream, but it reveals in the sides of its canon a thick group of the 
brick-red sandstones. The canon is carved out of the solid mass, from 
the amphitheater high up on the west side of the range, down for sev
eral miles through the sandstones at right angles to the inclination of , 
the strat~. The sides of the canon are 1,200 to 1,800 feet high on either 
side, and rise in abrupt steps, depending upon the texture of the differ
ent layers of sandstone. The valley varies from one-eighth to one
fourth of a mile in width, and rising up in various places in the bottom 
are the worn edges of the sandstones. At one place they appear above 
the surface completely across the valley, showing most conclusively 
that this gulch or canon is entirely one of erosion. 

On the west side of the Blue River range the sandstones lap on to 
the granite nucleus, so that the usual valley of separation is wanting ; 
or, in other words, the ridge of sandstone lies so close to the mountain
side as to be continuous with it. As far as one can see from the summit 
of Mount Powell, north and south, these sedimentary beds hug the 
west side of the range with a very moderate dip, not usually over 10°. 
There are numerous streams that flow from the west side of the range 
and cut deep · channels, which expand or contract, depending upon the 
t_exture of the rocks through which the erosive ag<mt has wrought its 
way. 

Everywhere there are more or less proofs of old glacial action. The 
moraines are common, but not on such a scale as we have already de: 
scribed, on either side of the Sawatch range. In the amphitheaters, as 
well as in the upper portion of the valleys where the granites are ex
posed, we find the same rounded glaciated masses which were so con
spicuously shown near the Mountain of the Holy Cross. , 
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The effects of erosion, as shown in the Blue River range, are on 
equally as grand ·a scale as in other localities previously described. 
Even the imagination fails to grasp the tremendous influence this agency 
has exerted in past times, judging from the ·scenery both of mountain 
and plain. · 

From the summit of l\1:ount Powell one can follow with the eye the 
sharp·, zigzag crest of the Blue River range, with the numerous huge 
amphitheaters on each side, which have been worn a long distance 
from the base of the mountain. Very frequently the partition-wall is 
broken through, forming a low bend or sag in the crest-line, and here 
and there a huge shaft of granite rises up 1,000 feet or more above the 
crest. 

The Blue range, as seen from the summit, is one of the ruggedest in 
Colorado, composed of a mass of sharp-pointed peaks, crests, and obelisks. 
Great masses of snow, like glaciers, lie on the almost vertical sides per
petually, though they abruptly descend 450 or 500. 

Huge fissures may be seen in these great masses of snow and ice, that 
may indicate slow movements downward. At any rate, we may call 
them remnants of the old glaciers that once existed here in abundance 
and have left their traces on the surface everywhere. Numbers of little 
gem-like lakes are seen high up in the amphitheaters, sometimes even 
~bove timber-line, reservoirs for the water that melts from these old gla
cier-remnants. 

A fact worthy of note here is the vast quantities of dead grasshoppers 
that are found on these masses of snow. The quantity may be estimated 
by bushels, and the bears frequent these high places in search of them 
for food. At certain seasons of the year the air is filled with grasshop- • 
pers, apparently flying in every direction, to a height far beyond our 
vision. It is probable that they become chilled in flying over these 
high mountain-peaks, and, dropping down on the snow, perish. 

The Blue River range juts up against the south rim of the Middle 
Park, extending southward along the west side of the upper portion of 

' Blue River. On the east side of Blue River, there is a long, rather high 
ridge, extending into the park, composed largely of Cretaceous shales 
with dikes of basalt in great numbers. The basalt occurs on the sum
mit and crops out of the sides in many places. 

Far in the distance to the northeast is the Front or Colorado range, 
with Long's Peak, and the intermediate group of high peaks. To the 
east, Torrey's and Gray's peaks are well shown, and to the southeast 
are the peaks around the Middle Park. To the south is the Sawatch 
range with the Holy Cross in the foreground, and west of south, Snow 
:Mass, Sopris, and other hii?b peaks can be distinctly seen. 

The intermediate space is filled up with the sedimentary beds, of which 
the red beds cover by far the larg.est area. The Blue River range trends 
about ri.orth and south, extending up so as to form the northern portion 
of the Park range. Looking to the west we can seethe great mass of sedi
mentary beds inclining from the west side of the Blue River range and 
from the east side of the Holy Cross, and its assoCiated peaks forming 
about midway a curious synclinal. . 

The two forces have crushed the beds together. The sedimentary 
group here forms a belt from fifteen to twenty miles in width, expanding 
to a greater breadth to the west and northwest. To the northwest from 
:l\fount Powell we can look into Egeria Park, a sort of elevated plateau 
or meadow, a beautiful park, though small, about five miles in diameter 
and nearly circular in shape. North of the middle park but uot very 
distinctly visible from :Mount Powell, is the North Park. To the west, 

.. 
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j ust on the verge of the horizon, is .a high range ealled the Elk Head 
Mountains. Long, high ridges rising to the limit of perpetual suow may 

. be seen far to the west, apparently composed of stratified rocks. 
Through t,hese ridges the little streams have cut deep gorges as they 
flow westward to the Colorado River. These gorges must present most 
excellent sections of strata to the geologist. 

Here and there we can see the whitish marls and sands of the modern 
lake-deposits oritbe upturned edges of the variegated beds. In the deep 
basin of the Middle Park these Pliocene or Post-pliocene deposits are 
quite conspicuous. The rocks which compose the great mass of the Blue 
range may . be called granites. ~uch of the rock is banded and strati
fied, but the older portions are massive and solid, that is, the lines of 
bedding are wanting. 

From Mount Powell we descended the west side of the mountain 
again, and returned to Eagle River. The evidence of the former ex
istence of a large glacier extending up into the mountains in various 
directions and filling up the v~lley of the little stream is quite. clear. 
The valley is oval in shape, and about four miles from the base of the 
mountain closes up into a narrow channel, in which are a number of 
morainal ridges. Aboye the ridges is a small lake one-fourth of a mile 
wide, which was undoubtedly formed by the glacier. The high ridges 
on both sides are covered thickly with rounded bowlders. Interstrati
fied with the red sandstones are some thin layers of limestone, in which 
are numerous fossils, Crinoids, Corals, Productus, &c., with other forms 
which are unmistakably of Carboniferous age. 

The dip is very slight, hardly more than 3° for se-v-eral miles. The 
fallen timber is a great obstruction to traveling. In the autumn the sur· 
face becomes as dry as tinder, and the fires run over .the country, 
destroying the life of the pines as they stand. The winter and spring 
winds prostrate them in every direction, so that they sometimes form· 
a net-work 5 or 6 feet high for many miles. · 

As we descend Eagle River below the mouth of Roches Moutonnes 
Creek, the valley closes up for several miles, but expands out again to 
half a mile in width, with soft beds on both sides. High on the mount
ain.- slopes are thick groves of poplar or quaking asp. A group of beds 
comes in on this stream about ten miles below the Roches Moutonnes 
Creek, 1,200 to 1,500 feet in thickness, which appears to be separate from 
the regular formations, apparently a partially fresh-water deposit, for in 
some thin layers of impure limestone were numerous small shells like 
Planorbis~ and Physa, and the lower 400 feet are composed of very thinly 
laminated shales, while the upper portions are very gypsiferous, and 
might be called gypsiferous clays and marls. 

This group appears very abruptly, and continues down the river for a 
few miles, and then disappears as if it formed a sort of basin in the va
riegated group. vVhatever may have been the origin of this curious gyp
siferous group, it seems to be local, and· to lie in the Carboniferous or 
between the Carboniferous and the Triassic. · 

vVe traveled along the valley so rapidly that I could only examine 
the immediate channel of the river; and I lwre . present these hasty 
observations to call attention to the group. The whole distr ict will be 
studied in detail during the summer of 1874. 

Above the g,ypsiferous group is a series of the brick-red beds, 500 feet 
or more, and stirt above a series of variegated beds 400 to 500 feet thick. 
In the lower portion of the gypsiferous group, in a bed of limestone, 
I found a species of Prodttctus and a 8pirifer, all Carboniferous forms. 

Above the gypsiferous group, and just below the brick-red beds, I 

• 
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found, still lower down the river, in a bed of blue limestone, an Orbicu
lq,, plainly a ·carboniferous specimen. 

The evidence seems clear that all the rocks on Eagle River are of' 
Carboniferous age. As we continue down the Eagle River to the north
west, toward its junction with the Grand, there is a very curious twist 
in the bed, which can hardly be described except by an illustration. . 

Hitherto the great mass of the strata has been inalining from the 
range of the Holy Cross, but here we seem to have met the force which 
acted from the direction- of the Blue River range, by which the dip is 
suddenly changed by a remarkable ca.use from a northeast to a north
west direction, and while some portions of the group incline at an angle 
of not more than 2oo, others stand nearly vertical, and in some in
stances have passed a vertical. We have here exposed in Eagle River 
a series of curiously-variegated beds, at least 4,000 feet in thickness, 
of Carboniferous age; above them 1,200 to 1,500 feet of brick-red sand
stones and clays, probably Triassic, and above them 200 feet or more 
of Jurassic age ; then overlaid by a heavy bed of quartzite, 150 feet 
thick, undoubtedly No .. 1, or Dakota group. Above the last are the 
black plastic clays of No. 2, in a nearly horizontal position. Overlying 
the clays is a bed of dark limestone filled with fossils, as Inoceramus, 
Ostrea congesta, and other forms of mollusks, with abundant fish-remains, 
but so broken that scarcely a good specimen could be found. 

At this point we left Eagle River and struck across the country north
northeast through a synclinal depression, or a sort of basin, from five to 
eight miles in diameter, with the quartzites of the Dakota group rising 
up with a gentle slope on all sides, while the high divide on the north 
side of Eagle River is elevated by the dikes of basalt so as to form a 
rim connecting the east and west sides of the basin. Eagle River, be
low the point where we left it, just before it joins the main stream, cuts 
'through No: 1 an.d a great thickness of the brick-red beds, which are 
elevated so as to show a general dip east and northeast, while on the 
opposite side of the synclinal the dip is south and southwest. 

The quartzite bed of the Dakota group gives character to the slopes 
as well as to the topography of .this immediate region. The strata in
clining to the north and northeast bas been elevated by the Holy Cross 
range, while the almost vertical- beds on the opposite side of the syn
clinal have been lifted to their present chaotic position by two forces; 
one acting from the Blue River range, and the other arising from the 
outflow of igneous matter in the form of dikes. We may state, in gen
eral terms, that in the Middle Park and its surroundings the complica
tions in the positions of the strata of the various formations have been 
produced by igneous eruptions. The terraces along Eagle River ought 
to receive a passing notice. There are usually two of them. Varying 
from 10 feet to 50 or 100 feet above the river, usually covered with 
rounded bowlders,- there is a good thickness of the drift on them, bJt 
the underlying strata of the original formations are everywhere exposed, 
showing that the valley .is for the most. part one of erosion. 

Not unfrequently the river cuts a narrow channel across the upturned 
edges of the basis rocks, which, in this way, may be traced across the 
valley from bluff to bluff. The height of the divide overlooking Eagle 
River is 1,450 feet above the river-bed, and this may be taken as the 
aggregate thickness of the entire Cretaceous group in. this basin. All 
the divisions appear to be represented; and what we usually regarded 
as No. 5 I estimated as 400 to 500 feet thick, composed of brown arena
ceous-shales, with irregular beds of sandstone, varying frpm a few feet 
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to 100 or 150 feet. In No. 5 arc a great abundance of fossils of the 
genera Inoceramus, Baoolites, Ammonites, &c. 

The surface of the entire countrs is exceedingly rugged, and the high 
ridges, underlaid with No.5 or lfo. 1, contrast curiously by the lux
uriance of vegetation with the barren, sage-covered surface of the black 
plastic clays of Nos. 2 and 4. The high ridges of the divide are 
covered with vesicular basalt, much of which is spongy, like lava. 1.'he 
dikes have a trend about 20° south of east, and as they are very numer
ous and are nearly parallel, resemble waves of the sea as they extend 
along the surface in more or less elevated ridges. These basaltic 
ridges are sometimes continuous for several miles, but they usually 
break up into fragments, y~t still preserving about the same trend. As 
we travel from Eagle River to the valley of the Blue, the surface is 
covered to a greater or less extent with loose fragments of modern 
basalt, varying much in texture and color. The country reminded me 
very much of .portions of the Yellowstone Valley in Montana. As we 
descend in to the valley of the Blue, below the junction of the Grand, 
we can see that the high rirlges on either side are capped with basalt, 
but underneath are the black clays of the Cretaceous. 

A great thickness of the sedimentary beds cover the country, but 
they are literally riddled with dikes, and the strata are thrown into 
complete chaos. On the north side of the Blue River, about fifteen 
miles below the junction of the Grand, are several long mesa-like ridges 
that rise 1,000 to 2,000 feet above the river-bottom, and apparently 
incline from an extension of the Blue River range along the west side 
of Middle Park. 

These mesas present a structure too complicated for our limited time, 
but the entire mass seems to have been lifted up nearly vertically, pro
ducing great faults, so that on the south side the variegated beds which 
lie beneath the Cretaceous group were tipped up at the base in a verti
cal position, and sometimes 150 to 200 past a vertical. 

These .mesas, capped with basalt, slope southwest 50 to 15°. In the 
sides of these mesas several beds of basalt are shown, varying from 4 
to 40 feet in thickness, with a layer of volcanic tuff intervening. 
· To work out the complicated structure of this most interesting region 

would require the diligent labor of a season, and I can in this report 
.::>nly notice it in general terms. There are, ho.wever, most abundant 
illustrations of the action of the. two forces, one of which, long contin
ued and upiform, produced the anticlinals which are continually inter
rupted or thrown into confusion by the eruption of volcanic matter. 
Along the Grand and Blue Rivers, on the west of the Middle Park, are 
three quite important canons, the Lower, Middle, and Upper. The Lower 
Canon is formed by the passage of the Blue River at right-tmgle.sthrough 
a high ridge of feldspathic gneiss, with walls 1,200 feet high. There 
seem to be a number of these granite :uplifts, extending with a nearly 
north and south trend across the park. The most western one rises 
.about 1,200 to 1,500 feet above the bed of the river. From either side 
·of these granite nuclei the sedimentary beds incline at various angles. 
The Middle Canon is about three miles below the junction of the Grand 
River with the Blue, and is mucb. the most extensive. The Lower Canon 
is only about one-third of a mile in length, while the Middle Canon is 
full three miles long. 

The anticlinal ridge, as it might be called, is really an extension north
ward of the Blue River range, and forms t-he west rim of the Middle 
Park. The slopes on the east side are all gentle, and are mostly' com
posed of the quartzites of the, Dakota group. So far as I could ascer-
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tain, the quartzites rest directly on the granite nucleus and flex over the 
sides like a gently sloping roof. In the interval between the western 
and middle ridges there are several small ridr:?s or uplifts of the gran
ites that produced small .anticlinals and synclinals. There is one about 
two miles above the Lower Canon and between it and the Middle Canon; 
the variegated beds form a well-marked synclinal. Scattered around 
.among the uplifted masses are depressions or basin-like valleys that are 
filled with t he modern _lake-deposits. In the gorge of a little branch 
that flows into the Grand from the south side, just above the Lower 
Canon, there is a bluff-exposure of these modern deposits, mostly of a 
deep drab or flesh color, and sometimes are 50 feet high, with three 
layers of sandstone each 4 to 6 feet in thickness; at another local
ity 200 to 300 feet in thickness of these modern deposits, with a bed of 
basalt near the summit. -

Like the modern lake-deposits in the valley of the Yellowstone, they 
are very often capped with a basaltic layer. There is no doubt th:;tt dur- • 
ing the existence of the Pliocene or J>ost-pliocene lakes- there were re
peated eruptions of basalt, and probably there were hot springs which 
dissolved the silica and feldspar, thus producing the fine materials 
which have entered 'largely into the composition of these deposits. Be
tween the west ridge and the middle ridge there is an interval of about 
five miles. 

In this interval the variegated beds seem to have thinned out much 
from the west toward the east, and here they rest directly on the gran
ites. I call them variegated beds from the great variety of colors 
they . present. Whether they be t.T urassic or Triassic age, or both, I 
could not tell. I only know that the well-marked Cretaceous beds are 
immediately above them. Immediately below the :Middle Canon the 
Grand River flows for about three miles through what I would call 
a valley of depression; the river cuts down into the granite base, and 
at the lower portion of the little basin -forms a narrow canon with ver
tical sides or walls 50 feet high, while on either side· granite J:tills rise 
1,000 to 15,000 feet above. 

In the basin and resting upon this granite rock, but inclining at 
various angles, is a considerable thickness of the variegated group. 
Neither on the middle ridge nor in the valley of the Blue or the Grand, 
east of this point, did we observe any of these red beds, and the quartz
ites of the Dakota group rested directly on the granites. The entire 
disappearance of from 4,000 to 6,000 feet of sedimentary beds within so 
short a distance is certainly worthy of note. · . 

I have mentioned the parallel ridges that extend across the Middle 
Park in a nearly north and south direction, through which the Grand 
River has-carved out deep canons. . ' . 

On the west side of Blue River there is one important ridge rather 
convex in form, with a ·granitic nucleus. On the west side, near the 
pass that leads over into .the valley of the Blue River, is a singular 

·mass of basalt, with a form so peculiar as to readily attract the atten
tion of the traveler. It has much the shape of a huge steamboat. The 
materials were effused in such a manner as to form a series of thin lay-· 
ers, flexed upward at each end, dish-like, with vertical sides 100 feet or 
more. These dishes in the granite nucleus are very common. In some 
instances the effusion of the basalt has changed the adjacent rocks, and 
in many cases it has flowed out like water from a spring, producing no 
change, but simply covering the surface for a greater or less distance 
with the igneous rocks. On the hjgh summits of the· surrounding ridges 
caps of basalt are common, giving them a partial table-like form. 



HAYDEN.] GEOLOGY-MIDDLE PARK. 81 

As we descended the mountain-ridge into the valley of the Blue, soon 
after passing the summit, we found the quartzites of the Dakota group 
apparently resting directly on the schists, and as we descend the gently 
sloping east side we here find sections of the full series of Cretaceous 
beds inclining not more than from 50 to so. As far as the eye could 
reach, from l\fount Powell northward, the q·uartzites of the Dakota 
group laid over the east side of the ridge like the roof of a house. On 
the east side of the Blue there is a high Cretaceous ridge, mostly above 
the Dakota group, penetrated in numerous places by dikes, out of which 
great masses of basalt haYe flowed oyer the surface. The riYer itself 
for a distance of nearly 20 miles to its junction with the Grand :flows 
over .the blacl,r-clay shales of No.4 and the dark-gray calcareous shales 
of No. 3, following a monoclinal interyal. 

The terraces along the Blue RiYer are quite noticeable. There are 
two principal ones, but these not unfrequently break up for short 
distances into several smaller ones. On the east side of the Blue 
RiYer, near the junction with the Grand, and on the north side of the 
Grand, are isolated, low hills of granitic schists, around the sides of 
which the Cretaceous clays are eleYated at moderate angles. As we 
ascend Grand River even the Dakota group thins out to a considerable 
extent, so that in some localities it is quite probable that the entire Cre
taceous group is wanting, and the lignitic strata repose on the schists. 
AboYe the junction of the l'rfuddy the valley of the Grand reyeals a 
good thickness of the lake-deposits. The terraces are also quite well 
marked, risiug sometimes 80 to 100 feet above the bed of the river. 

MIDDLE PARK . 

. The geological structure of the :JYiiddle Park has been so carefully 
studied by Mr.~ l\'Iarvine that I will pass oYer it very briefly. The geol
ogy is very complicated and of great interest; but in order that it may 
be clearly understood, it must be presented in great detail with illus
trations. This Mr. Marvine was able to do. In 1869 I spent a few days 
in the park, and the results form one of the chapters in my annual re
port of that season. 

The variegated beds occur in the southwest portion of the park near 
Frazer River~ beneath the Cretaceous group, and though far less con
spicuous than on the east side of the front range, are undoubtedly of 
Jurassic age. Near the hot springs ther~ is a high hill, sometimes called 
Mount Bross, to which I directed attention in 1869. It is composed 
almost entirely of beds of the Lignitic group, 1,800 to 2,000 feet high 
above Grand River. 

From this hill we obtained a great variety of fossil-leaves characteristic 
of the Lignitic group. From this group in the l\'liddle Parkl\fr. Lesqureux 
has identified Sapindus angustifolius, Stapltylea acttminata, Planera longi
folia, Rhus drryrneja, Glyptostrobus europaeus, Sequoia angustifolia, 
Fraxinus prrredicta, Ulrnus tenuinervis, Myrica aetllminata, llex sphenophylla, 
Pterocarya arne1·icana, Rhus Haydeni, Myrica latiloba. Of the abol"e
mentioned species S. augustifolia and Planera longifolia occur in ac
knowledged Tertiary strata near Elko Station, Nevada, and .the former 
is also foqnd in the South Park. Ilex sphenophylla occurs at Green River. 

, The Olyptostr;·obus europaeus is found at Fort Union and in the arctic 
regions, and is regarded as a Miocene species. So far as we can judge 
from the fossil-plants, this great series of strat.a in the Middle Park must 
belong to the Lignitic group, and is probably of Lower Tertiary age. 

On the north side of the Grand River, about the source of Trouble-
6 G S 
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some and Willow Creeks, and between those two streams, the aggregate 
thickness of the Lignitic group canno~be less than 4,.000 feet, and it is 
probably greater even than that. This is made up of sandstones of 
various texture with partings of clay, the entire mass having the dark, 
somber. hue which characterizes the same group about the sources of 
the Missouri and Yellowstone Rivers. 

These beds have been so thoroughly studied by Mr. l\1arvine that I 
allude to them in this connection simply to call attention to the possi
bility that they did not form a connection originally with the same 
group on the east side of the range. The differences in thickness and 
in lithological character of all the sedimentary groups in the l\'liddle 
Park, as well as their position, ~indicate that a portion of the Front 
range was elevated above the sea, thus cutting off this portion from 
the east side. Although the peculiar flora of ·the Lignitic period is 
very abundant in the Middle Park series, no . beds of coal have . betjn 
observed as yet, and in this respect they offer a marked difference. 

I have hitherto been disposed, from the original evidence shown at the 
northward, to regard ·the physical connection of this great Lignitic 
group on opposite sides of the mountain-ranges as proven, but there is 
some doubt on this point, and I now await further proof. 
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R.EPORT OF ARCH. R. MARVlNE, ASSISTANT GEOLOGIST DlRECT
ING THE MIDDLE PARK DIVISION. 

WASHINGTON, D. C., J~J)ne 19, 187 4. 

SIR: I submit herewith my report on the geology of the region trav
ersed, by the Northern or Middle Park division of the United States 
Geological and Geographical Survey of the Territories during the work
ing season of 1873. 

The field was taken May 29 with a party proper consisting, beside my
self, of Mr. G. R. Bechler, topographer; Mr. S. B. Ladd, assistant topog
rapher; Sheppard Madeva and Robert :Mitchell, packers, and George 
Bowline, cook; the transportation of our baggage being effected by 
means of a train of seven pack-mules. The methods of work were pre
cisely the same as in the other parties. Messrs. Gardner, Holmes, and 
Chittenden accompanied the party during the first month of the season, 
when the base-line was measured, and the movements so directed that 
the stations forming the first exp:!tnsion of the primary triangulation 
could be conveniently visited. When 1\fr. Gardner left to continue this 
work, and Messrs. Chittenden and Holmes . to join their respective par
ties then entering the field, Messrs. Enos T. Luce and S. H. Nealy, gen
eral assistants, joined me, and the work wtts directed solely to serve the 
purposes of the detail topography and geology. The continental divide 
over into the Middle Park was permanently crossed on September 2, 
soon after which 1\fessrs. Luce and Nealy returned, reducing the party 
to its original number. In mid-October the breaking up of the season 
rendered it judicious to return over· the mountains before permanently 
closed with snow, and on the 15th of the month we turned homeward, 
leaving a portion of the work in t he vicinity of Breckinridge incom
plete. Being on the route to our work of the coming season, it can 
t hen be conveniently and speedily finished. 

The area· actually examined during this interval of time, so that both 
its topography and geology can be mapped in considerable detail, is 
nearly four t:'lousand square miles, which, by material obtained from the 
land-surveys upon the plains, has been extended eastward to include a 
total area of over fifty-six hundred square miles. This area is approxi
mately in the form of a rectangular belt sixty miles wide north and 
south, the eastern end resting on the western border of the great plains 
and including Denver City, and extending westward over the main chain 
of the Rocky Mountains, and across the Middle Park to the Park range 
bordering the latter on the west. West of the plains there are no large 
level areas to facilitate rapidity of work, while much of the zone of 
mountain country bordering the main divide on the east not only pre
sents peculiar difficulties to rapid and at the same time accurate map
ping, but it is comparatively thickly settled, and demanded much more 
time for its completion than equal areas elsewhere. Mr. Bechler's map 
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of the whole region, on a scale of two miles to an inch, and in 200 feet 
approximate contours, is now very nearly finished. 

Geologically the area surveyed divides itself into three natural dis· 
tricts : first, the sedimentary rocks of the plains; second, the great 
system of archrean metamorphic schists and granites forming the Front 
and Park ranges, w.ith some minor areas; and third, the sedimentary 
rocks of the :Middle Park. 

On account of the greater length of time spent upon the eastern 
mountain-zone, a very great number of observations were Plade upon 
the archrean rocks composing it, and a fair insight gained of their gen
eral characters. Though the sedimentary rocks were much more rapidly 
passed over, yet their comparative simplicity of ·structure and persist· 
ence of lithological characters rendered them easier of study, and has 
permitted of my plotting all my observations among them on the drain· 
age map furnished me by 1\ir. Bechler early in the spring, and of my 
completing my chapters upon them to the full extent of my observa
tions. 

I may say here that during the season the sedimentary rocks of the 
plains were avoided as much as possible, and preference given to the 
less-known archrean rocks of the adjacent mountains, with the expecta
tion that when the autumn snows should have driven us from the latter 
work could still be prosecuted among the former, an expectation notre
alized because of the early return of the party to the East. In order to 
make my scattered observations among these sedimentaries more con
nected and useful I have thought it desirable, therefore, to utilize such 
other published observations upon them as I have been able to find, 
chiefly from your own reports, giving credit and references in their proper 
places. 

Notwithstanding the special attention given to the archrean rocks, 
their far greater complexity requires that before the large number of 
disconnected observations made among them can be properly discussed 
and correct results drawn from them, they should first be carefully 
plotted on the finished topographical map. Since this is as yet impos
sible, I have been obliged to treat this subject-the most interesting one 
presented in the region in question--very briefly, simply giving the 
most general impressions received while in the field, and without a proper 
digest of the notes at hand. · 

Accompanying the report I submit also a provisional geological map, 
colored on a photographic copy of the drainage map of the district, as 
accurately as it can be done on a map expressing no topographical feat
ures except the streams, and which will serve for office use- until the 
completion of the final map. 

The report which lVIr. Ladd makes to you separately on the means of 
communication, elevations, distribution of timber and agricultural lands, 
and population within the district, will greatly supplement the first 
chapter of my report, and completes, I believe, the record· which is to 
appear in this annual report of the material gathered by the lVIiddle 
Park division during the past season. 

Besides acknowledging cordial co-operation from all members of the 
party, I wish also to refer to the many services-volunteered by 1\-Iessrs. 
Lnce and Nealy while attached to it. . 

For aid in my own specialty I wish to particularly recognize the serv
ices of Mr. Holmes, Mr. Ladd, and George Bowline in the field, and of 
.Mr. Ladd and Mr. Holmes in the office, for to them are chiefly due the 
sections, maps, and views accompanying this report. To Mr. Berthoud, 
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of Golden City, is also due much information about the coal-openings 
of the Territory. 

Rapid preparation of a summer's observations, together with absence 
during publication, must atone for many errors which will inevitably 
occur. 

Very respectfully, yours, 
ARCH. R. l\IARVINE, . 

Assistant Geologist, Directing the Middle Park Divis·ion. 
Dr. F. V. H.A.YDEN, 

In Charge of the United States Geological 
and Geographical Stwvey of the Tm·ritories. 

CHAPTER I. 

.AREA, NATURAL DIVISIONS, AND PRINCIP .A.L TOPOGRAPHICAL :FEATURES. 

The territory embraced by the survey of the Northern or Middle Park 
division during the summer of 1873 is included between the parallels of 
39° 30' and 400 20' north latitude, and the meridians of 1040 45' and 1060 
30' west longitude. It forms, therefore, a rectangular area; which has 
a width north and south of about sixty miles, a length east and west of 
about ninety-three miles, and which contains nearly five thousand six 
hundred square miles. This area may be conveniently located by refer
ence to the Union Pacific Railroad, which passes about fifty miles north 
of its northern border, on which side H is directly joined by a similar 
area of the fortieth-parallel survey. 

The eastern portion of this parallelogram rests upon the western border 
of the great plains which extend uninterruptedly from the Mississippi 
and Missouri Rivers, and includes some of the most thickly settled por
tions of Colorado. Denver Oit~7 , and many smaller towns, with their 
railway connections and surrounding agricnltural regions, are here sit-
uated. · 

The middle portion of the district is traversed north and south by one 
of the liighest portions of the main continental divide, with, on either 
hand of the great crest, the accompanying zone of mountain country, 
which contains nearly all · of the more important metal-mines of the Ter
ritory. 

The western portion of the area is chiefly occupied by the several 
depressions which together make up the Middle Park, with their sepa
rating ridges, and is limited upon the extreme west by the Park range. 
A strip along the southern edge of this portion was not completed by 
this season's work. Regarding its broadest topographical features, 
therefore, this rectangle may be considered as dividing itself naturally 
into three portions, which we may conveniently designate as the eastern 
porti~n, or the plains, the middle portion, or the mountains, and the 
westel'n portion, or· the park. So far as drainage alone goes, the dis
trict as a whole may be regarded as being separated by the nearly north 
and south crest of the main mountain-divide into two very nearly equal 
east and west portions, in each of which the drainage system is quite 
simple. The main artery upon the east is the South Platte RiYer, which 
flows diagonally northward and eastward across the plains portion of the 
district. All the streams rising at the eastern base of the main central 
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ridge flow in a general eastward direction, joining here and there, and 
within the limits of the district find their way into the South Platte. 

In the western half of the district the drainage is somewhat different, 
though still very simple. The main divide not only passes through the 
center of the district, but, at the north, turns westward along its north.ern 
border, while at the south it also turns westward, trending along the 
southern border, thus inclosing the park on the north, east, and south 
sides. From all sides of this natural rim the streams flow inward to 
join the Grand River, which flows east and west through . .the middle of 
the system, forming its main artery. All the waters thus find their way 
out of this basin through the single canon which the Grand has cut across 
the Park range at about its middle point, and flow on westward to join 
the Colorado River and the Pacific Ocean. U pou the north the North 
Park gives rise to the North Platte; upon the south the South Park 
gives rise to the , South Platte, and both flowing eaRtward their united 
waters finally join the Missouri. Th~ J\fiddle Park i~ thus inclosed by a 
great eastward loop of the main continental divide, and it forms the 
easternmost point north of Mexico at which waters flowing into the Pa
·cific take their rise. 

PRINCIPAL TOPOGRAPHICAL FEATURES-MAIN DIVIDE. 

The ciest of the main divide crosses the northern line of the district 
in longitude 105° 45' west, or at about midway of its length. From 
this point its trend for ten miles i~ southeast tu near Long's Peak, 
where it turns directly southward, but with an undulating course, a 
·distance of sixteen miles, to Arapahoe Peak. Along this line, the 
range is an exceedingly formidable one, and presents all the features of 
mountains composed of granitic and schistose rocks. 

The eastern face of the crest presents an almost continuous line of 
amphitheaters and gorges rimmed with precipitous walls, which rise to 
a serrated ' crest of which many points reach an altitude of between 
thirteen and fourteen thousand feet above sea-level, while not a single 
pass exists except such as the most expert mountaineer might with 
difficulty ascend. Some of the higher points exist as eastern spurs 
somewhat detached from the main ridge; such are I.~ong's Peak, (14,270 
feet,) Mount Audubon, (13,190 feet,) and Smith's Peak, (13,090 feet,) on 
either side of which are the deep-cut gorges, reaching past them to the 
steep cliffs beyond, at the bases of which the banks of everlasting snow 
are constantly eating their way farther and farther into the range. 

Upon the northeast side of Long's Peak, forming its very face, is a 
sheer, almost perpendicular, cli:fl', over 3,000 feet in the clear, reaching 
from the mountain-summit to the timber-line, the grandest wall of rock 
imaginable. 

The western side of the main divide does not present so well-defined 
a ridge. Instead, it is lined by a zone of high mountains, from five to 

· ten miles across, which falls abruptly, though not precipitously, to the 
great trough-like valley of the Upper Grand. It is cut by profound 
canons draining into the latter. Upon the southwest, this rugged mass 
is sharply limited by the East Fork of the Grand, while Arapahoe Peak 
forms its southern apex. From .Arapahoe, for twelve miles directly 
south to James Peak, the topography changes. The crest presents a 
very uniform ridge rising but little above timber-line, and for five miles 
near the southern portion scarcely varying 200 feet in altitude. As at 
the north, the eastern face of this ridge is precipitous, falling in great 



li!ARVINE.) G EO LOGY-TOPOGRAPHICAL FEATURES. 87 

cliffs to a series of amphitheaters which make up the front, each with 
its bank of snow lying up against the base of its rocky walls. Some of 
the rounded spurs reaching · eastward between . these amphitheaters 
afford a means of access to the ridge. Thus, at the north end of this 
depressed region, and directly at the hase of Arapahoe Peak, is the 
Caribou Pass, as yet not well opened, and unpromising; about midway 
{)fits length is the Boulder or Rollinsville Pass, (about 11,400 feet,) now 
reached by a road over which wagons can pass; while at its southern 
end, below the walls of James Peak, is the James Peak trail, a wagon
road from Central City reaching as yet only to the base of the Peak.* 

The western slope from this ridge is of a very different character from 
the eastern slope. Though of course having many of the characteris
tics of a rugged mountain region, yet, as compared with the east slope, 
it has no precipitous front, but its massive westward .spurs fall in 
rounded, gently-molded slopes, not separated by deep canons, to the 
basin-like depression of the Frazier River. The line of separation be
tween this region and the rugged mountain area at the north is exceed
ingly sharp, and is occupied by the East Fork of the Grand. Rising 
from the canon of the latter on the north and east is the ma:ze of peaks 
and rugged ridges, separated by profound gorges and amphitheaters, 
which drain into theEastl!~ork. The south bank of the canon, however, 
is cut by no important side gorge, but only by local gulches; and rising 
up its steep but even slope the summit ridge is found to be a compara
tively smooth table or plateau, sloping westward, with gentle eleva
t ions here and there. All these massive spurs to the south have these 
more gentle slopes, and are remarkably similar in general section . 

.At James Peak, (13,283 feet,) there rises another group of rugged 
mountain points, among which are Mount Parry and Mount Flora. Here 
the divide bends more and more westward, and after making a sou thing 
of about :five miles and a westing of about ten miles, it again swings 
southward for seven or eight m_iles and then southeastward for about 
an equal distance, taking the famous Gray and Torrey Peaks on the way, 
the former being 14,340 feet high, and the latter but about 5 feet lower. 
Though from here the drainage divide turns again westward and south
ward, passing into the South Park, or middle division of the survey, yet 
the higher ridge runs eastward as a great spur which culminates in 
1\fount Evans, a great massive mountain, which rivals Gray and Torrey 
in altitude. From James around to Evans is thus a great western loop, 
inclosing the headwaters of Olear Creek. It represents, also, a high 
mountain region, not as a whole, perhaps, so rugged as the Long's Peak 
mass, but more extensive, spread out, and diversified in its character, 
yet possessing some of the grandest mountain features and most im-
pressive scenery. · 

After leavfng the James and Parry groups of peaks, and passing 
westward along the northern side of the loop, the ridge becomes less 
Tugged, somewhat resembhng ·that north of James Peak, while some of 
the separating valleys are cut to the timber-line. One of these forms 
Berthoud's Pass, (11,349 feet, Parry,) the summit of which is not much 
more than seven miles from Empire City, on the North Fork of South 
Olear Creek, and over which a wagon-road exists, and a narrow-gauge 
railway-line has actually been surveyed over to the South Forks of the 
Frazer River. The break next to Berthoud's Pass is called Vasquez Pass, 
(about 11,500 feet.) 

The mountain spurs descending northward to the Frazer here pre-

* For passes and means of communication generally, with information given more 
in detail than here, the reader is referred to the report of :Mr. S. B. Ladd. 
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sent the same smooth and rounded contours as those on the east side of 
the Frazer basin. From the northeast corner of the loop a high spur 
runs out, separating the Williams and Frazer drainage, and culminat
ing in lVIount Byers, (12, 778 feet,) one of the most commanding points 
of all the Park region, at the north. 

The western side of the loop is a rugged mountain ridge, with, I be
lieve, a difficult pass, called Jones's Trail, across to the headwaters of 
Williams River. The descent to the main valley of the latter, along 
the west side of this loop, and from the Mount Byers ridge~ is in great 
massive spurs, descending rather abruptly, but still quite evenly, and 
cut by•deep gorges. The Gray's Peak ridge is much the same, rugged 
and grand, yet, on the western side, with an obvious tendency in the 
spurs to a general plateau-like area, though it is almost obliterated by 
the many cafiop.s. Directly beside the peak, passing almost over its top, 
is a fair trail for animals to pass, while a few miles to the east a wagon
road is built, crossing the range at the .Argentine Pass at an. altitude 
of about 13,200 feet, and connecting Georgetown with :Montezuma and 
the other mining towns upon the headwaters of the Blue River. Nearer 
Mount Evans a tr·an crosses the Evans spur from Georgetown over 
into the South Park. · 

Eastward from Evans the spur is continued by a long ridge-like 
line of bills, reaching nearly to the plains, and separating the waters 
which flow southward into the South Platte, and without my district, 
from those which flow eastward and into it. It forms, with the course 
of the main divide upon the west, a natural southern boundary of the 
district. 

PRINCIPAL TOPOGRAPHICAL FEATURES OF 1'HE EASTERN SLOPE. 

The crest of the main divide as thus traced may be considered as pre
senting, as a whole, a fiat convexity to the east, on which side· its prin
cipal characteristic is abrupt slopes, usually in high precipices, sur
rounding profound amphitheaters. Extending eastward from these 
first abrupt slopes is a zone of mountain country which is narrowest at 
about the center of the district, where it extends about seventeen miles 
-eastfrom the main crest, but widening at the north and south borders 
of . the district to nearly thirty miles. The eastern face of this zone 
thus presents a fiat concavity to the east, the general trend of which is 
north and south, while the depression westward in the center is about 
ten miles. 

This eastward border of the mountain-zone is exceedingly sharp and 
well defined, and all along it the mountain-spurs abruptly give way to 
the plains which stretch away uninterruptedly far to the PJl·St. 

This mountain-zone can in nowise be regarded as ma.de up of dis
tinct ranges or a system of Tidges, but as a unit in itself, having charac
teristics which hold very uniformly over nearly all its parts. From be
neath the precipitous crest, from all the gorges and amphitheaters at its 
base, flow innumerable streams w hicb, atter emerging from these upper 
canons· into the smoother highlands, soon collect into p. few principal 
water-courses, generally uniting where they are not in deep canons. 
]'lowing in a generally eastern course these graduall.Y sink their chan
nels deeper and deeper into the rocks, the different main streams uniting 
their canons here and there, and finally issue from their deep-cut gorges 
in the mountain-front to flow out into the plains and to the Platte. 
Though over fourteen main branches may be considered as rising 
within the fastnesses_of the main crest, their united waters break through, 
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the mountain-front in only seven points,. while uniting still further in 
the plains, but four principal streams reach the Platte. 

This is not including the many streams which rise in the mountains 
east of the crest, some of which unite with the main streams, while 
others break in minor canons from the mountains; while still others rise 
independently in the plains, fonping subordinate branches of the Platte. 
Of the first class-those rising at the main crest-may be enumerated, 
commencing at the north, The Big Thompson, North, J\Iiddle, and South 
Saint Vrains, Jim Creek, North, :Middle, and South Boulder Creeks, 
North Olear Creek, Fall River. North and South Forks of South Olear 
Creek, Chicago Creek, and Bear River. Of the minor mountain-streams, 
those rising east of the crest, there are, likewise commencing at the 
north, the Little Thompson, Left-Hand Creek, Four-Mile Creek, Coal 
Creek, Ralston Creek, and Turkey Creek. Those that issue from the 
mountains are as follows: 'rhe Big Tliompson, Little Thompson, the . 
united Saint Vrains, the united Jim and Left-Hand Creeks, united Four
J):file and North and Middle Boulder, the South Boulder, Coal Creek, 
Ralston Creek, the united Clear and Chicago Creeks, Bear and Turkey 
Creeks; while the united Thompsons, the united Saint Vrains and Boul
ders, the united Ralston and Clear Creeks, and the united Bear and Tur
key Creeks, or only four in all, join the Platte. 

The tendency of these cross-cutting streams is to throw this eastern 
mountain-area into east and west ridges. These ridges~ however, are 
seldom sharp, but massive, and rather tha1~ striking one as a system of 
ridges it impresses one as a system of deep-cut river-channels. Large, 
fiat, park-like areas are numerous. In the northern two-thirds of this 
area, approximately parallel with and a few miles east of the first great 
slopes of the divide, is an irregular zone but little intersected with 
canons, and these not deep, and varying in altitude from 8,500 feet to 
9,000 feet. It is a park region of rolling pine-sprinkled surfaces, with 
the high spurs rising on the west, and the mouths of the deep gorges 
which extend back to the range opening out upon it. In going east, as 
the canons cut deeper and deeper, the spurs perhaps not changing 
greatly in altitude, traveling north an.d south becomes almost impossi
ble. Throughout this region, however, except Lilly Mountain, just east 
of Long's Peak, and Ralston Butte, between Ralston Creek and the 
South Boulder, there is a remarkable uniformity in the height of these 
ridges. Their tops are frequently quite level or gently rounded; while 
standing on one, the general level, which seems indicated in their tops, 
is very striking. South of Clear Creek, in approaching the Evans 
Ridge, thj'3 general summit-level is more irregular, the Squaw Chief 
and Bergen Park Mountain rising to exceptional heights; yet, even here, 
large areas are frequently undulating or level, forming beautiful park
like regions ; here usually occupied as farms or for pasturage. As 
viewed from the plains this general evenness of the tops of the " foot
hills" is very striking. The majority of these ridges rise somewhat 
above 8,000 feet, while the plains along the eastern base of the moun
tains average not far from 5,600 or 6,000.feet. A few points along the 
face of the mountains rise higher than the country immediately in their 
rear, such as South Boulder and Golden Peaks, and Bear Creek, wbjcb 
stand close to the mountain edge. 

But as a whole the mountain-zone lying between the main divide aLd 
the plains certainly impresses one as ·being, with a few exceptions, a 
region of very uniform or gently undulating general elevation, carved 
by the powers of erosion, perhaps partly glacial but mostly by streams, 
into a mountain area of which portion~ are exceedingly rugged. 
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PRINCIPAL TOPOGRAPHICAL FEATURES OF THE MIDDLE PARK. 

We hav-e already seen how the branches of the Grand join it from the 
northeast and south, like the rays of a great irregular leaf uniting with 
the parent stem. Along the main Grand, 

1

especia1ly where joined by its 
tributa-ries, and following along some of the latter, are flat, open and 
treeless areas, which may be considered as forming the Middle Park 
proper. The ridges separating these tributaries are mostly well defined, 
some reaching altitudes of from 2,000 to 4!,000 feet above the adjoining 
streams. These are mostly of sedimentary rocks, and quite different in 
character from the mountains of harder m~tamorphic rocks forming the 
main range. t 

The Middle Park thus differs from both the North and South Parks 
on either hand, which are much better d fined, large, basin-like areas 
less broken up by local ranges. Indeed, the Middle Park is a sort of 
accidental middle ground between the t wo. The more important geo- . 
logical dividing line between the North Jnd South Parks is the great 
fold which causes the massive spur of m~tamorphic rock west of the 
Gray Peak mass, joining it with the Park ~ange, though cut through by 
the Blue. Between the Middle and North Park no such profound bc.o
logical fact exist~; there is no folding whatever, but the divide has been 
determined by the masses of hard eruptive rocks which have heri:i found 
vent and protected the softer rocks below from erosion. Indeed, it is 
just possible that the drainage of the Middle Park once had its 0utlet 
into the North Park. 

In speaking of the more special topographical features of the Middle 
Park region, those portions adjacent to the high eastern rhlge have 
already been referred to. Such is the rugged, canon-cut mountain 
area west of Long's Peak, separated by the East Fork of the Grand from 
the more gently-contoured massive spurs to the south, which swing 
around with the main ridge from Arapahoe, through the James Peak 
group to 1\iount Byers, inclosing on the east, south, and west sides, and. 
partially on the north, the basin-like drainage-area of the Frazier. The 
latter river, after collecting the Sl,lrrounding waters, escapes from this 
basin by a canon carved through about six miles of the low northern por
tion of the surrounding granite, and enters the basin of the Graad. The 
main fork of the Grand, before joined by the east fork, occupies a re
markably well-defined, trough-like valley, trending directly north and 
south. Its headwaters rise in the deep gorges separating the main 
range from the high southern end of the .Medicine Bow Mountains, 
whose northern extension forms such a symmetrical eastern border to 
the North Park. But where it crosses the north line of the district the 
V form has changed to the U form, with a comparatively flat bottom, 
between one or two miles broad, while the ends of the massive spurs 
forming its sides rise abruptly, but in rather smooth curves, on either 
hand. 

The ~astern slope of the valley retains its height and character all 
the way down to where j oined by the East Fork, though cut by the many 
gorges draining the mountain area. The western slope, at the north, rises 
equally high and steep, though t he crest being less distant it is cut by 
lesser canons. Toward the south the top of the ridge becomes smoother 
in contour and gTadually falls, finally giving way to the flattish region 
adjacent to the Grand. Here the latter turns westward and in a basin
like terraced area receives the waters of Willow Creek from the north 
and of the Frazier from the south. Passing on west it flows through 
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two short rifts, or breaks in upturned strata, to the Hot Springs, which 
by their reputation and position virtually form the center of the Park. 
Here the stream enters a ~;;hallow canon three or four miles long, after 
which, for over :fifteen miles, its course is through an extensive basin, 
much of the region along its lower course being river-bottom land. 
Williams River joins it from the south, while Corral and Troublesome 
Creeks flow into it from the north. The ~iuddy from the north and the 
Blue from the south·, however, are the two principal tributaries of the 
Grand and join it at nearly the same point, just before it enters the 
canon through the Park range which carries it from the Park. This 
lowest point in the Park is about 7,180 feet above tide-water, while the 
Hot Springs are 7, 700 feet, and Grand Lake approximately 8,150 feet 
above the same. 

The Williams River takes its rise in the deep western canons of the 
Clear Creek loop and the .Mount Byers ridge. Issuing from this granite 
country it flows for several miles through a wide flat basin tributary to 
that of the Lower Grand. 

The Mount Byers ridge extends from the base. of that mountain as a 
quite straight and even-topped divide, separating the Frazier and Will
iams waters, and falls abruptly to the Grand at the Hot Springs. On 
the west side of the Williams Valley is the long, gentle, eastern slope of 
the symmetrical '\7illiams River 1\tiountains, which reach an altitude of 
about 11,400 feet, or nearly to the timber-line. 

On the north side of the Grand the vVillow, Corral, and Troublesome 
Creeks drain an a.rea which, being a geological unit, has uniform topo
graphical features. The culminating point of this mass is Park View 
Peak, near the northern line, 12,430 feet high, and directly overlooking 
the North Park. On either side of Park View Peak the divide between 
the two parks falls, the descent on .. the east to the headwaters of the 
Willow being about 2,620 feet to an excellent pass connecting the 
parks; a serrated region of not much greater height follows, and 
finally the abrupt rise to the Medicine-Bow RiJge. South of this line 
and parallel with the .southern end of the latter ridge is a high, even
topped ridge, reaching to timber-line, which is quite surrounded by the 
eastern branches of vVillow Creek. West of Park View, between the 
two 'Troublesome Creeks, the ridge is also depressed as on the east, but 
at the west fork it rises in a high lava-capped plateau, falling on the 
west to the Upper Muddy. 'rhe next point of elevation of this mass is 
Corral Peak and \Vhite-l!..,ace Mountain, lying south of Park View, be
tween the Troublesome and Willow Creeks and north of the Hot 
Springs. These also are due to lava-caps protecting the softer horizon
tal sedimentary rocks below. Between all these points and extending 
south to the Hot Springs and across the Grand, somewhat, is a 
broken country chiefly made up of very numerous small spurs abutting 
against the streams, in all of which the tendency is to a more 
or less definite terrace form, the broken terraces rising in steps to the 
higher lands beyond. The two forks of the Troublesome leave this region, 
whei·e they join, and for the rest of the course the stream is in a flat 
basin country like that of the Lower Williams River, tributary to the 
Grand. This lower basin is separated by a low hilly divide from 'the 
Lower l\1:uddy. 

The drainages of the :1\'Iuddy and Blue alone remain to be referred to. 
Both lay at the eastern base of the Park range, and form very well de
fined valleys, trending in nearly the same general direction, and facing 
one another. The valley of the Upper Muddy is broad and shallow, 
presenting a strong contrast to most valleys of this country. Its gen-
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eral features throughout are rolling-hills upon th~ sides, with low terrace. 
forms near the streams, the latter being cut by many side-ravines. All 
along upon the west is the great, rolling, wave-like ridge of the Park 
range, thickly timbered with pine. The broad head of the valley is a 
gentle rise over into the North Park, the divide between the two parks 
here losing its character of a defined ridge. On the east rises the high 
table-land separating the valley from the Upper Troublesome, but this 
soon gives way to the low ridge separating the lower waters of the two 
streams. Near the head of the valley is a prominent point called the 
Upper JYiuddy Butte. Near its lower end, a similar isolated point, rising 
at the end of the low divide between the JYiuddy and Troublesome, and 
called the Lower Muddy Butte, narrows the valley locally before it enters 
the Grand. The general course of the valley may be taken as south 15° 
or 200 east. 

The valley of the-Blue resembles that of the Muddy in the terrace feat. 
ures along t.he stream, but it is a narrower and more strongly defined 
valley, though by no means of the order of canons. For the lower 
twenty miles the general course of the valley is north 400 west. A few 
miles from the mouth and on the east the Williams River 1\.fountains 
commence to rise. The western face, or that sloping to the Blue, is much 
steeper than the slope to the ""\Villiams River. It tends to a terrace 
±:orm, being of strata gently dipping east. The outline is very sym
metdcal, rising in long slopes and gently-undulating top to a central 
point, and falling again in going south, but at twenty miles from the 
Grand River it abruptly joins a mountain region of a different class, 
namely, the granitic masses west of the Gray Peak group, which line all 
the remaining eastern side of the Upper Blue and quite change· the char
acter of its valley. For nearly twenty miles south of the Grand the 
Park range on the west retains the same massive, e-venly-rolling char
acter as at the north. But suddenly it rises to one of the most rugged 
ridges conce~vable. 

The backbone of this ridge is near its western side, and trends about 
north 40° east, but it is made up of numerous short eastern spur~, 
which abruptly but pretty uniformly descend along a line nearly par- ~ 
allel with the main ridge. All these ridges are exceedingly sharp, and 
rise to a very uniform and general level; though the highest point, Mount 
Powell, is near the north end, and reaches an altitude of 13,285 feet. 

These sharp serrated ridges inclose a system of most profound gorges 
and amphitheaters. The main ridge is broken through by the valley 
of Ten-Mile Creek, but is immediately continued upon the south by a 
ridge running southward to the l\fount Lincoln group. 

GENERAL GEOLOGICAL DIVISIONS. 

The three general divisions to which attention was fi.Pst called-the 
plains, the mountains, and the park-the m.ore salient topographical feat
ures of which have just been described, are as natural geological divis
ions as they are topographical ones, and will be considered in the three 
following chapters in the order mentioned. The one next following, 
Chapter II, in the sedimentary rocks east of the Front range, presents 
facts observed mostly along their western border, or near the mountains, 
together with observations gathered from other sources. Chapte,r III 
briefly gives some general results of observations among the Arch::ean 
rocks which form the mountains, and though this study was made prin
cipally upon the eastern mountain slope, yet the results appeared 
equally applicable to any other of the crystalline areas observed by the 
writer. Chapter IV deals with the general structure and distribution 
of the rocks of the l\Hddle Park. 
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CHAPTER II. 

THE SEDIMENTARY ROCKS EAST OF THE FRON1' RANGE. 

Before presenting in detail the isolated faJts which together make up 
our knowledge of the sedimentary rocks east of the mountains, and in · 
order that th.ese facts may be rrlore readily understood and their rela
tions rendered apparent, it is desirable first to clearly understand cer
tain general geological features which underlie tl!e whole country. These, 
though familiar: to most geologists, may be less so to the general reader, 
and I will endeavor to present them as simply as possible. 

Attention has already been called to the abruptness with which the 
mountains rise from the plains. The two types of topography which 
are separated by this sharp line of demarkation are not more wholly 
distinct than are the two types of geology which it also separates. 

The rocks of which the mountains are built, and which will be more 
fully treated in the following chapter, are granite, gneiss, schist, and al
lied rocks, which, in speaking of them as a class, it will be convenient 
to call Archcean, or metamorphic.* ' 

These metamorphic rocks are hard and crystaJline in character, and, 
occurring in large and comparatively irregular masses, present surface 
forms which are peculiar and very characteristic, so that one can sel
dom fail to recognize them even from a distance. 

Beneath the plains, however, there is found a class of rocks which 
possesses characteristics exactly the opposite of those just mentioned. 
They are neither so hard, nor are they crystalline; and instead of occur
ring in large and irregular masse::;, they lie in broad, flat sheets or strata, 
resting one above auother, and stretching unbroken for miles in all di- 1 rections. . !l"~rom the Mississippi and :Missouri westward to the mount-
ains stretches this great serie~ of rocks, composed of layers of varying 
thickness of sandstones, limestones, shales, slates, and clays, which re-
main much as they were when first laid down one after another in the 
bottom of the vast ocean which once existed here. Since this ocean 
was gradually drained off, the ceaseless action of the rains and rivers has 
in places removed thousands of feet of these rocks, exposing beds which 
were once deeply buried, and in which we can occasionally find there-
mains of the shell-covered beings which still earlier hved and died upon 
the ocean-bottom, or the skeletons of the animals and plants which peo-
pled the surrounding shores, and were swept by the ancient rivers out 
into the sea to be buried with the then forming sediments. It is but 
natural, therefore, that the surface characteristics of the great plains 
and rugged mountains should differ as they do. 

THE MOUNTAIN BORDER REGION. 

But let us examine the line along which these two opposite classes of 
rocks may be supposed to join. This line, we have already seen, trends 

"" It has been found convenient, or rather necessary, for geologists to give definite 
names to certain groups of rocks. 'l'he accepted names of the more general divisions, 
in the order of their superposition or age, commencing with the oldest and proceeding to 
the most recent, are here given, those in small capitals occurring in the region under 
discussion : 
1. AncH.LEAN-most ancient. 
2. Silurian. 
3. Det:onian. 
4. Carboniferous. 
5. TRIASSIC. 

6. JURASSIC. 
7. CRETACEOUS. 

~
Pliocene, 

8. TERTIARY Miocene, 
EOCENE. 

9. PosT-TERTIAHY and recent. 
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approximately north and south, passing about twenty miles west of 
::P.enver. 

Along ·it, the sedimentary rocks of the plains, instead of remaining 
horizontal, with their edges thus abutting against the steep faces of the 
mountain-rocks, like the sands along a rocky shore, are found to be all 
bent or folded more or less abruptly upward, their worn edges often 
rising into the air and presenting their scarred faces to the mountains. 

It becomes evident, therefore, that the sedimentary strata rest upon 
the rocks of the mountains, and that the latter, descending beneath the 
former, form the foundations on which they rest. 

This upturning of the sedimentary rocks along the mountains is illus
trated in a general way in the accompanying diagramatic sketch. 

Inasmuch as sediments laid down under water cannot .end abruptly, 
it is apparent that these beds must once have been extended much 
farther up on the central mountain-mass than now, as indicated by the 
dotted lines. · 

We will see later that after this folding of the rocks took place the 
level of the sea long stood above the present upturned edges of the sedi
mentary rocks, and that, as the land through ages gradually emerged 
from the water, the wearing action of the slowly-retreating waves and 
of the usual subaerial erosion gradually removed all the higher portions 
of the strata, ·working back their edges, until they are left as we now 
find them. 

The surface of the country, as now presented to us, therefore, is due to 
the action of two causes : first, a folding of the rocks; second, erosion of 
those higher and ever-enlarging portions which slowly appeared above the 
gradually-retiring sea, and which may be progressing as rapidly now as 
the average erosia.n in the past. 

As there is always a variety in the hardness or other characters of the 
different beds, some will withstand erosion far less readily than others, 
and, wearing away faster than their harder neighbors, leave the latter 
rising as ridges above the general surface. These ridges are cut through 
every few miles by the streams that flow down from the mountains, and 
while the immediate effect of these streams is to carve abrupt notches 
or canons through the ridges, general surface-erosion tends to lower their 
adjacent ends. As seen from the east, therefore, these ridges appear to 
rise gradually out of the plain from either end to a nearly level center, 

· in long gentle convex curves, and they have thus earned for themselves 
the unfortunate na~e of Hog-backs. 

But there are other beds to claim our attention a moment than those 
which have been upturned. The erosion which has molded the latter 
into their present forms has beQn much longer busy in the higher moun
tains, and much of the material worn from them since the folding of the 
rocks took place has been deposited in flat beds near the mountain's base, 
often surrounding and quite covering the hog-back ridges. 

This border region, which varies from one to ten miles in width, may, 
then, J:>e briefly described as one having abrupt mountain-masses rising 
boldly and ruggedly upon the one hand, and rolling plains stretching far 
past the eastern horizon upon the other, while along it the worn edges 
,()f the harder upturned strata rise in long -parallel ridges, the ends of 
which may fall either abruptly or in long gentle convex curves to the 
valleys of the cross-cutting mountain-streams, and which, rising gently 
from the east, fall in abrupt escarpments on the west to the trough-like 
valleys of softer beds between, in places all well exposed, and again so 
nearly covered with the accumulation of more recent material in hori
zontal beds that the higher ridges barely peep above the surface. In 
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exceptional cases, harder beds may rise in ridges of abnormal height, 
or all may be leveled flat; the rocky fold may be more gentle or more 
abrupt, or complex; or the presence of volcanic products may add new 
features to the scene. Still the normal structJire of the region remains 
the same. 

This region furnishes, then, the key to a knowledge of the rocks which 
underlie the plains, and, by selecting favorable localities for e~osures, 
we may, in passing from the mountains eastward, pass in succession 
across the edges of the beds from the lowest to the uppermost. It 
would thus be found that a thickness of probably over 7;000 feet of 
sedimentary beds has partaken of. the folding. These beds would seem 
to divide themselves naturally into four groups, which, so far as the 
present burden of proof goes, are referable to the followiug geological 
formations, commencing with the oldest: Triassic, Jurassic, Cretaceous, 

• and Eocene(~). The upper part of this series, from the 1\iiddle Cretaceous 
up, being of comparatively softer beds, has been generally eroded back 
so far from the mountains, and to such a level and grass-covered sur
face, that exposures are few and scattered, requiring for study more 
time than could be given to them during the last summer. They have 
received . special study from others, however, so that some general 
results can be given in the sequel. For the present we will confine our 
attention to the lower portions of these beds, the Triassic, Jurassic, and 
part of the Cretaceous. 

In describing these beds it will be found convenient to regard, first, 
their, more detailed structural features, as lithologica1 characters, age, 
&c.; and, second, their more general structural features, or the manner 
of their folding. To illustrate the first class of facts Plate I has been 
prepared; and for the .second, Plate II, (see end of chapter,) though in 
dealing with either class it will occasionally be found desirable to refer 
to both plates at once. 

On Plate I~are gathered sections taken at six points along the zone 
of hog-backs, namely, commencing at the northern one, at Little Thomp
son Creek, Bear Canon, Ralston Creek, Golden City, (Clear Creek,) Bear 
Creek, and at the South Platte. The thicknesses of the beds were esti
mated, and are, therefore, ·only approximate, but checks of various kinds 
were used to prevent any gross errors, and when the same series were 
observed by different persons the results were generally very concord
ant. The beds whose thicknesses were thus obtained have their limiting 
lines carried through to the-vertical line forming the left-hand border 
of each section, upon which, also, spaces of 100 feet each are indicated, 
while beds expressing general characters of the series, but not so ex
actly placed, are carried through only to the line next to the left edge 
of the section. The several sections are placed with the base of "No. 1 
Cretaceous" upon the same horizontal line. 

Throughout the series, what first strikes the ob~erver is the marked 
absence of limestones, and the great predominance of sandstones. 
Limestones exist, it is true, and, considering their relative thinness, are 
very persistent, forming good horizons to refer other beds to, but they 
are wholly subordinate to the arenaceous element.' 

THE TRIAS. 

General characters.-Resting directly upon the smoothed, though often 
irregular, surface of the Archrnan rocks, and forming the lowest member 
of the exposed stratified formations, is a series of sandstones which varies 
in thickness from over 1,600 or 2,000 feet to possibly as little as 400 feet, 



96 GEOLOGICAL SURVEY OF THE TERRITORIES. 

and in which red is so striking and predominant a color that they are 
commonly known by the name of the "Red Beds." Though shaly strata 
are frequent, and the whole series may be quite soft, yet the general 
thickness, or massiveness, of the strata forms another prominent and 
characteristic feature. 

Most of these sandstones are of a normal red-sandstone type, varying 
from coarse grits and moderately coarse sandstones, with fine examples 
of cross-bedding, to qt~ite fine-grained and shaly layers. The latter 
occasionally may make up a considerable thickness, but though occurring 
frequently they are generally so intercalated with the heavier beds, 
that, as said before, a sort of maRsiveness characterizes the group. 
Though conglomerates may occur anywhere in the series, they are 
mostly confined to near the base, where they are often plainly derived 
from the subjacent rock. It is in these lower parts, indeed, that the 
beds are so directly made up of the m~terial of older rocks near by that 
a very little metamorphism has in some instances made it difficult to 
distinguish small masses of sandstone from the underlying granites . 
. Dark red is the prevalent color, though light-red, yellow, and cream-
colored beds are frequent, and may, in places, quite predominate over 
the red. This is more noticeable near the top, while the conglomerates 
and beds directly composed of granitoid materials are also generally 
gn1y or light in color. Sometimes, also, a peculiar character is shown 
by sharply defined, often perfectly circular yellow or white spots up to 
three-quarters of an inch in diameter scattered upon the deep-red back
ground, as if drops of water in falling on the · stone had worked the 
color from it,. This would not necessarily be characteristic of this for-
mation, though I did not see it elsewhere. ' 

Although the surface of the Archrean rocks below is more or less 
smoothed, it is often irregular, and occasional bosses of granite, &c., 
project into the sandstone, as in the accompanying instances, (fig. 2,) 
observed by l\1r. Gardner, near Turkey Creek. 

Near the .Big and Little Thompson's and Saint Vrain's 'Creeks, expo
sures indicate a general shelving off or abutting of the edges of the 
lower strata against the Arcbrean rocks, or "overlap," a point of inter
est to which attention will be called later. 

Had opportunity offered, this featur~ would probably have been found 
all along the base of the mountains. 

Local characters.-Toward the north end of the district the shaly 
character is more marked than elsewhere. At the Little Thompson 
(see Plate I, section 1) the series bas a total thickness of about 750 
feet, and is composed of soft granite sandstones and conglomerates be
low, white to red, with coarse soft red sandstones above, followed by 
two or three hundred feet of shaly sandstone, the whole capped by 
massive red sandstones about 250 feet thick, but generally breaking 
into from two to three prominent layers, with thin shaly strata between. 
Farther north, the lower beds become much shalier than here, while 
southward the shales grow heavier bedded. In this northern region, 
the fact that the more massive beds are- confined to the upper part of 
the series, combined 'With a gentle eastern dip, causes the surface fea
tures to differ somewhat from those farther south. The long, gentle 
eastern slopes of the massive beds are denuded by erosion, often for 
several miles to the east of the softer series of rocks which would lie 
above them, (and yet to be described,) and the lower series, thus occur
ring alone over considerable areas, has a sort of geographical individu
ality given to it. It is this feature, a result of the more massive char
acter of these beds as compared with those above, and this alone, which 
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-Diagram showing tlle relations of the Sedimentary reeks of the plains to the 
Archrean rocks of the mountains. 
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Example of irregular .Jnnction between t.lw Arcbruan schists and Jnrassic 
copglornerates and shales, near Turkey Creek.-J. T. Gardner. 

Fig. '3 . 

To illustrate the shelving off or overlays of the Triassic Sandstone on the 
Arcbrnan , at Dry Creek, between the Big and Litt.Ie Thompson Creeks. 
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·makes it convenient to place the plane of separation between these two 
lower series just at this horizon, there being no fossils known in the 
beds to afford any paleontological grounds for a separation at any par
ticular plane. 

Gentle. folding near the north· has in places left the red beds forming 
several ridges, but between the Saint Vrain and Left-Hand Creeks 
they run into one, and the whole series occurs as a simple upturned 
ridge dipping away from the mountains at an angle of about 35°, and 
as a simple fold it continues on southward, only varying much in dip, 
being in places even turned slightly past the vertical. Tbe general 
characters, as given at the Little Thompson, also slowly change in 
approaching Left-Hand Creek. The series thickens slightly; the top is 
a thickening band of yellow; the shales have diminishe4 in amount, 
and the lower part has less conglomerate and yellow, while the general 
softneAs is such that the ridges formed are not prominent. These litho
logical features remain much the same to Bowlder Oity. Here a sudden 
change in the hardness of the red beds occurs; they become massive 
nearly throughout, and all the lower 800 feet is of a deep dark red. 
The hardness is so increased in these lower beds that they rise in a high 
ragged ridge reaching over 2,000 feet above the plains, and even con- . 
siderably above the granite buttresses against which they rest. This 
ridge of hard sandstone reaches south far enough to be cut by both 
Bear Canon and the South Bowlder, the canon of the latter being quite 
profound, while between the two canons the ridge attains its highest 
point in Bowlder Peak, one of the stations of the primary triangulation. 
The latter is, in reality, on a second or inner ridge of sandstone, which 
has been faulted down from the outer one, as will be shown more in 
detail later. (See Plate II, section 11.) These canons give excellent sec
tions of these lower rocks, but this exceptional hardness at this point 
does not make them typical. In places, however, the origin of the lower 
sediments is well shown, being often composed of a rather coarse aggre
gate of quartz and feldspar, with frequent pebbles of adjacent quartzitic 
and granite rocks. . 

Lying over this lower 800 feet of red beds, which thus attain an alti
tude higher than any other sedimentary rocks east of the Front range, are 
about 300 feet of free, clean, gritty, siliceous sandstone, very light yellow 
in color, inclined to massive in bedding, but cleaving with a fine plane 
surface. They do not reach very far up on the higher ridge of their 
harder underlying red companions. 

Near Coal Creek the red beds have again become softer, and are 
eroded away till barely exposed. At Ralston Creek they again rise at 
a low angle to a considerable height, but only to again faU to a valley 
trough a few miles north of Golden City, where they begin to thin out 
in a remarkable manner, and at that city scarcely reach a thickness of 
400 feet. Their relations, however, are here not wholly clear, as they are 
quite soft and have been eroded nearly away, the valley trough in which 
they should outcrop being well sod-covered. They dip from between 
400 and 500 near the granites, which form the very abruptly rising 
western border of the valley, but near their top are thrown somewhat 
\>eyond the vertical. Section 4, plate I, is scaled from a section given 
me by Mr. Berthoud, of Golden City. 

South of Golden City the red becls again rapidly thicken, and con
tinue to thicken all the way southw~rd to where the South Platte de
bouches from the mountains, the s·outher'n limit of the district, where 
they attain a thickness of over 1,600 feet. Throughout this southern 
region, though still massive in general character, they are yet quite 

7 G S 
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soft, and though often forming a number of minor ridges, the latter no
where rise in prominently continuous hog-backs~ while, on the contrary, 
they may be quite eroded away into a broad valley, with the Archrean 
rocks forming its western side, the beds yet to be described forming their 
bounding hog-backs in the east. They often rise, however, for consid
erable distances up long gentle slopes of the mountain rocks, which 
places them in a favorable position to be eroded into the peculiar and 
grotesque forms which characterize the Garden of the Gods, which, how
ever, is in a very different geological horizon, though somewhat simi
huly circumstanced. The curious groups of worn rocks and monuments 
thus formed sometimes have their tops worn off horizontally, as if by the 
surface action of the old retiring sea, while the same sub-aqueous erosion 
has in places smoothly leveled off considerable areas of the upturned rocks, 
as is best shown a few miles north of the South Platte. (See Plate II, 
section 17.) 

THE JURASSIC. 

General characters.-The series of strata lying next above the red beds 
form a group of rocks in which the thin-bedded and shaly element de
cidedly predominates. The outcropping edges of these beds have there
fore generally been more eroded away than the harder beds above and 
below, so that they generally appear jn valleys; and being soil covered, 
they are not usually well exposed. 

The arenaceous element still predominates, though argillaceous mate
rial is often present to a very large extent, while beds of impure lime
stone occur-one of which appears very persistent-and gypsum is 
frequent in thin layers, and sometimes occurs in workable quantities 
and of good quality. As before, red is the prevailing color, though 
a serie~ of marked variegated colors occur, and weathering frequently 
produces an ashen-gray tint upon the surface. A brief detail-description 
of sections taken at several points will best convey an idea of the litho
logical characters of the series, proceeding in each case from above down
ward. 

Section of Jurassic beds near the Bear's OhuTch, Big Thompson 0Teek.
Dr. F. V. Hayden, ThiTd Annual Report, 1869, reprint,p. 125. 

No. Nature of strata. 

ToJJ. 

· Thickness 
in feet. 

7 Loose drab-yellow sand, dibris of underlying beds, one limestone 2 
feet thick. 

6 Limestone, quite pure, blue, semi-crystalline...... • . . . • . . . . . . . . . • • • . 8 
5 Variegated clays.. . . . . . . . • • . . . . . . . . . . • • • . • . . . . . . . . . . . . . . . . . . . . . . . . . 200 
4 Ashen clay, with six-tenths feet of blue cherty limestone, clay part-

ings .....•..............•..••.•....•..•...•.• _ •.•........•. ·. . . . . . 25 
3 Blueish limestone. . . . • . . . . . . . . . . . . . . • . • . . • . . . . . . . • • . . . . • . . . . . . . . . . 4 
2 Fine bluish-brown sandstone....................................... 2 
1 Massive reddish-gray, rather fine sandstone .•.... _... . • . . . . . . . . . . . . . 20 

Base. 
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S~ction of Jurassic beds exposed near Saint Vrain's Oreelc.- William H. 
· Holmes. 

No.) Nature of strata. Thickness 
in feet. 

Top. 
14 Argillaceous sandy shales, v ::trieg::tted and irreguhtr, crumbling. . . . . . . 20 

·13 Hard, blue, beautiful limestone, solid. _____ ......................... 4 
12 Argillaceous and sa.ndy shn,les, same as No. 15 . . • . • . . . • . . . . . . . . . . . . . . 30 
11 Fine-grained, calcareous quartzite, with seams of crumbling gypsif-

erous shales ...••. _ ....... . .... _ ...... ___ . ___ .. _. _. • . . . . . . . . . . . . . 20 
10· Limestone ....•••.............. ___ .................. _ ........... _.. 2 
9 Shaly ............ ~ ............. _. _. _. ___ ...•.. ___ ... __ .. . . . . . . . . . . 5 
8 Red sandstone ............ ___ . _______ . __ ... _ ..... _ .... _ .......• _.. . . 4 
7 Shales, with seams of quartzite .... __ .... __ ........................ 12 
6 Shales and sandstones.............................................. 20 

· 5 Soft yellow massive sandstone ....... _ .... _......... .. .. .. .. .. .. . . • . 30 
4 Soft red massive sandstones ...................... ____ .... __________ 60 

2 Cherty limestone ......... __ ...... __________ .. _ .................. _ 01' 
~{ Red shaly sandstones ................ _____ . ____ ............. _.. . . ~ 200 

1 Red shaly sandstones.---- .... ______ .... __ ....................... 300 
Base. • ------

Total ............ _ .... __ .... __ ..•. _ ..... _ ..... _ . _ . . · ...... _ . . . . 400-500 

Section of Jurassic beds expose~ in Bear OaAion.-William H. Holmes. 

No. 

11 
10 

9 

8 
7 
6 
5 
4 
3 
2 
1 

Nature of strata: 

Top. 
Light gray, fine, siliceous shale, almost quart-zite .. -- .. ------ ........ 
Sandstones, shaly, variegated, (white, snuff, orange,) containing a 

sbaly limestone .................. ~- ............................ .. 
Limestone, bard, gray; conchoidal fracture, with beds of variegated 

argillaceous, arenaceous, and calcareous shales ................... . 
Covered . . . . . . . . . . . . . . . . . . . . . . _ . _ •... _ ........................... . 
Soft massive sandstone, white, with hard siliceous seams .......... .. 
Limestone, hard, with conchoidal fracture ......................... -
Covered ........................ __ ............................... _ 
Soft white massive sandstone, with soft greenish concretions ...... .. 
Soft, red, thin-bedded, and shaly sandstones ........................ . 
Siliceous limestone, porous_ .. ____ .. _. __ . _ ... _ .. _ .................. . 
Soft, red, thin-bedded, and shal.v sandstones ...••............. - ..... . 

Bottom. 
Total, (about) .................. __ .................. ---- .. -- .. 

Thickness 
in feet. 

40 

42 

40 
20 
50 

6 
20 
30 

400 
20 

200 

870 

At remaining points, though taken in les~ detail, the sections still 
show the general features of the series: 
Section of Jurassic beds exposed near Ra~lston Greek.- lVilliam H. Holmes. 

6 

5 
4 
3 
2 
l 

Nature of strata. 

Top. 
Variegated shales, mostly argillaceous, with thin beds of limestones 

and sandstones ........................................•......... 
White sandstones .. ..... _ ..... ___ . _ ... ____ ........................ . 
Variegated s_ha,les, mostly argillaceous .. __ .... -- ...... -- ...... -- .. .. 
Thin red sandstones and arenaceous shales _ ................... ~ ... . 
Cherty limestone ........ __ ...... __ ...... __ ...................... .. 
Red sandy shales_ ... _ ... ___ ... _. _ ...................... - . - ... - -·.-

Bottom. 
Total, (about) .................... __ .............. -- ........ . 

Thickness 
in feet. 

270 
30 
40 

200 
20 

100 

660 
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Section of Jurassic beds exposed near Bear Oree?c.-William H. Holmes. 

No. Nature of strata. 

Top. 

Thickness 
in feet. 

5 Variegated red and green arenaceous, some argillaceous shales, with 
loose brick-red sandstones and gypsum . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 

4 Like No.5 above, with white or rusty yellow sandstones .......... --.. 100 
3 Red arenaceous shales, and purple-red sandstones . . . . . . . . . . . . . . . . . . . 300 
2 Cherty limestone, bluish.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
1 Red arenaceous shales, like No. 3 ................ - .... - ~ . . . . . . . . . . . 150 

Base. 

Total, (about) ___ .. ___________ .. ____ ...... --------_._________ 770 

Near the South Platte the general characters remain much the same 
as near Bear Creek; the white sandstones, which in the section (Plate I) 
are placed near the base of the Jurassic, shoulcl more probably be includ
ed in the lower formation as the equivalents of the yellow sandstones 
at the top of the Trias. The South Platte section was made by :Mr. J. T. 
Gardner. 

The cherty limestone, near the base of this group, seems to be a very 
persistent bed~ and being rather hard, often forms a minor hog-back 
ridge. It varies slightly in character. At Bear Canon it is porous, 
with the silica apparently disseminated through the bed. A rude at
tempt here at making lime from it has failed. At Ralston Creek, how
ever, the silica seems more concentrated in the numerous nodules of 
pink chert, which are sprinkled thickly through the bed, the matrix 
being compact and hard. A large kiln here in active operation seems · 
to be making a very excellent quality of lime. 

Between Ralston and near Golden City, and again at several points 
further south, more or less rude lime-kilns hav-e been built for the pur
pose of making lime from this bed, the product usually see~ing to be 
very white, though I know nothing· definite of its adhering qualities. 
Near Bear Creek a small mill was erected for the purpose of grinning 
the gypsum which occurs in the JuraRsic beds near by, and which Dr. 
Hayden, in his third annual report, for 1869, p. 136, describes as fol
lows: "The gypsum is amorphous, but very white and pure, and would 
make the fine~t of casts and moldings. Some of the layers are sus
ceptible of a high polish, like the California marbles, only they are of a 
more uniform white color: 

It is possible that in this group also belongs the ~'silica in a state 
of fine div-ision," or an "aggregation of very fine grains of quartz'' 
which has been opened at Golden City. 

THE CRETACEOUS No. 1. 

Next abov-e the last group of strata comes a series of sandstones, 
which, though only from one to two hundred feet thick, form a more 
convenient horizon for reference than any group in the sedimentary 
series. Though this is partially due to its well-defined' and pretty con
stant lithological charracters, it is chiefly duet() the fact that its hardness 
is so constantly and so considerably greater than the beds either abov-e 
or below, that it forms a more persistent hog-back ridge than any other 
group. Except when cut by the streams, tbjs ho_rizon can be traood, 

. I 
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almost without losing it for a moment, from the Big Thompson to the 
South Platte, unless it be somewhat obscured near Golden City. Be
tween the cross-cutting streams for all this di'Stance and beyond, it rises 
in its long characteristic ridge, capping the soft Jurassic beds below, 
and whether the dip be high or low its top u~ually reaches to about the 
same gen~ral level. These sandstones are usually clean, gritty, even
grained and siliceous in texture, varying from a siliceous conglomerate, 
on the one band, to a hard quartzite on the other, and only occa- · 
sionally becoming soft. Their color is usually light yellow or light gray, 
or even white, varying to rusty yellow, and only occasionally red in the 
softer portions. These are the hard and massive portions which charac
terize the group, and which are separated by thin shaly layers which 
Il!ay be quite argillaceous or even carbonaceous in character, with many 
broken remains of fossil plants. 

Section of Cretaceous No. 1 at Bear Cafi9n. 

No. Nature of strata. Thickness 
in feet. 

3 Hard siliceous sandstone._ .......•. -.. ... . . . . • . . . . • • • . . . . • . . . . . . . . . . 40 
2 Same as 3, with hard blue siliceous shales........... . . . . . . . . . . . • • •• • 50 
1 Siliceous sandstone, gray to flesh-red above, white below; even-grained, 

particles rather free, gritty; few feet 'of siliceous conglomerate at 
base; obscure vegetable impressions near top . . . . • • . . . . . . . • . • . . . . . 150 

Total, (about).............................................. 240 

Dr. Pe~le has allowed me to use the following section made by him 
near the South Platte: 

Section of Cretaceous No. 1 nectr the South Platte R ·iver.-Dr. A. C. Peale. 

No. Nature of strata. Thickness 
in-feet. 

4 Gray and yellow sandstone, rather massive . . . . . . . • . . . . . . . . . . . . . . . . . 70 
3 Shaly sandstone, carbonaceous, Proteoides, &c ....••... ~.. . . . . . . . . . . 12. 
2 Fine-grained white sandstone...... ................................. 3 
1 Rusty-yellow sandstone, rather massive . . . • • . . . . . . . . . . • • . . . . . . . . . . . 300 

Total, (about).............................................. 385 

''Near the summit of the sandstone-ridge No.1, on Turkey Creek, there 
is an asphaltum spring which has been wrought for oil. A considera
ble thickness of the sandstone seems to be thoroughly saturated with 
the pitch or bitumen·, and between the layers of the sandstones are 
accumulations of tar. This spring is located on the e~st side and near 
the summit ofthe 'hog-back."'* ' 

CRETACEOUS N 0. 2. 

In this group we have a series of shaly beds which may be either 
highly argillaceous or quite arenaceous in character, there being as
sociated with them in either case a few thin brown sandstones, the 

~Hayden, Third Annual Report, 1869, reprint, p. 136. 

·' 
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total thickness var~dng from about 200 to 400 feet in thickness. The 
following sections will best illustrate these beds: 

Section of Cretaceous No. 2 at Little Thompson Creek. 

No. Nature of strata. 

5 . Dark, thinly laminated crumbling shales, some slates 1 to 3 feet thick, 
with interlaminated beds 6 to 18 inches thick, of fine compact 

Thickness 
in feet. 

drab argillaceous limestones . . . . . . . . . . • • • • .. • . . . . . . . . . . . • . . • . . . . . . 50 
4 Black, finely crumbling, argillaceous shales, some slates, and few 

light-tmu:ff-colored sandstones cleaving in slabs ...•••....••.•• - • . . . 165 
3 Light-yellow and snuff-colored siliceous sandstone.... • . . . . . . . . . . . . . . 5 
2 Black, crumbling shales, with broken and jointed argillaceous sand-

stones •...... _ . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
1 Fine black, crumbling shales, with brown sandstones 1 to 3 feet 

thick . . . . . . . . . . . • . . . . . . . • • • . . • • • . . . . . . . . • • . . . . . • . . . • • . . • . • • • • . . . 120 

Total, (about).............................................. 400 

Section of Cretaceous No. 2 at Bear Canon. 

No. Nature of strata. Thickness 
in feet. 

3 Light, calcareous shales...... . . . . . . • • . . . • . . . . • • • • . . . . . . . . . . . . . . . . .. 12 
2 Argillaceous limestone.... . . . .. • . . . . . . . . . . .. . . .. . • • • • • .. . . . . . . . • . . . 5 
1 Covered (pit sunk for coal) black argillaceous shale (?).... . . . . . . . . . . 100 

Total, (about).............................................. 120 

It will be observed that between the Big Thompson and Bear Canon 
a decided change has taken place, not only in thickness, but also in 
character. At Ralston Creek the argillaceous element again predomin
ates, there being light-gray shales below, and very black argillaceous 
shales near the upper part of the series. At Bear Creek these beds are 
also mostly argillaceous in character, and are about 250 feet thick. Be
tween Bear and Turkey Creeks small amounts of brown iron-ore in con
cretions have been obtained in the shales of No.2. Here, also, upon 
the outcropping edges of No.2 are some small lakes impregnated with 
carbonate and sulphate of soda to the extent of 33 per cent. They are 
described by Dr. Hayden in his report for 1869, page 137. · The analy
sis of the salt from the evaporated water, by Persifor Frazer, jr., was 
as follows:* "A white, efflorescent salt, falling to powder on exposure 
to the air, and containing-
Sulphate of soda ............ ~ ........... .................. . 
Sulphate of lime ..................................... , ....• 
Chloride of sodium, sulphate of magnesia, &c •......... _ ... . 
Water of crystallization of the efflorescence ................. . 

CRETACEOUS N 0. 3. 

63.87 
!).70 
4. 55 

21. 88" 

Cretaceous No.3 forms, like No.1, another excellent horizon for refer
ence. Though forming a ridge not nearly so well marked nor s9 per-

* Hayden's Report, 1870, p. 187, 



MARVINE.) GEOLOGY-EAST OF FRONT RANGE-CRETACEOUS. 103
1 

sis tent as No. 1, yet, when it does appear above more recent accumula
tions, the fact that it is of a decidedly calcareous character and that it 
usually contains numerous fossils renders it easily recognized. A com
plete section of No.3 was not obtained at any point, though the lower 
beds were observed at a few places. · 

No. 

Section of the lower beds at Oretaceou.r; No. 3, at Bear Oafion. 

Nature of strata. 

River terrace; horizontal; recent. 

Dip 25° east. 

Thickness 
in feet. 

3 Limestone, thin shaly, argillaceous, slate-color weathering white-gray; 
near base beds are 2 to 5 inches thick; argillaceous and arenaceous 
above, growing more calcareous below; seams of gypsum, odor of 
petroleum, some fossils.. . • • . . . . . • . . • . • • • . • • • • • • • . . . • • • • . • • • • . • . . . 45 , 

2 Covered.............. ..................................... .......... 40 
1 J:.ike 3, but more calcareous ; near top some beds of massive compact 

limestone, 3 feet thick, light-gray; fossils quite numerous, Inocera-
mus...... . . . . . . . . . • • . • . . . . . . . . . . . . • . . . . . . • . . . . • . . . • • . • • . . • . . • . . . 20 

Section of the lower beds of Cretaceous No.3, at Little Thompson Creek. 

No. Nature of strata. 

Terrace of very coarse gravel and bowlders ; horizontal ; recent. 

Dip 50° east. 

Thickness 
in feet. 

4 Yellow shaly limestone, impure, weathering white or light-gray...... 20 
3 Blue-gray shaly limestone, impure.... . . . . . . . • . • . . • . . . . . . . . . . . . . • • . . 100 
2 Dark-gray shaly and thin-bedded limestone.... . . . . . . . . • • . • . . . . . . . . . 10 
1 Light-gray compact limestone, beds one to 2 feet thick, some shaly; 

fossiliferous. . . • . • . . • . . • . . . . . . . . • . . . . . • • • • • . • • . . • • • . . . . . • . . • . . . . . . 20 

A rude kiln had been erected on the lower bed here for burning lime, 
making, as I was told, a good quality though not very white. The thin
bedded, impure, calcareous~ and fossiliferous character seems generally 
to characterize the beds. The odor of petroleum is also often quite 
marked, but not so much so as west of the mountains. At Bear Creek, 
No.3 was about 90 feet thick, but no section was made. 

CRETACEOUS NO. 4 AND NO. 5. 

Unfortunately opportunity did not offer to study in detail the dark 
shales of No. 4, and rusty yellow and gray arenaceous rocks of No. 5. 
The former were observed to be about 300 feet thick near Bear Creek, 
but no detail-section was made. At several points characteristic fossils 
were obtained from the beds, which are quite well exposed and fossil
iferous near Ralst.on Creek; but, as before remarked, the softer charac-

1 . 
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ter of these upper beds .bas caused them to be rather poorly exposed, 
and the mountain work left not sufficient time for their proper study. 

Before turning to the consideration of the overlying beds it will be 
well, now that their lithological characters have been described, to ex
amine.the reasons for separating the preceding beds into the divisions in
dicated, viz, the Triassic, Jurassic, and Cretaceous, Nos. 1, 2, 3, 4, and 5. 

In 1869 Dr. Hayden passed along the base of the mountains, and in 
:Qis report for that year described these beds at the many points at which 
be touched them. Having traced them from regions where they were 

1 
typically developed be easily assigned them to their proper horizons, 
and my classification is but a reflex of his. The reasons for his classifi
cation he also giyes, but at scattered points through the report. I hope 
I may be pardoned, therefore, if I undertake to throw the evidence which 
bears on the age of these particular beds in Colorado into a little more 
definite form. 

The Cretaceous age of the groups numbered 1; 2, 3, 4, and 5 cannot be 
questioned. 

From Nos. 3 and 4 especially the characteristic Inocerimi, Ostrem, bacu
lites, scaphites, ammonites, &c., determine their Cretaceous age conclu
sively. The western Cretaceous was first satisfactorily studied b~ Dr. 
F. V. Hayden and l\ir. F. B. Meek, in the Upper Missouri country, and 
afterward by the former in the Black Hills, and five well-marked divis
ions were there clearly made out, having well-defined Jurassic below 
and Tertiary above. 

These divisions, with their lithological and paleontological characters, 
were first given in the proceedings of the Academy of Natural Sciences 
of Philadelphia, May, 1857, and subsequently reproduced in tabular 
form in Dr. Hayden's :first annual report, 1867, reprint, page 49. They 
may be expressed briefly as follows : 

General Bection of the C1·etacoou8 rockB of N ebraBka. 

No.5. Fox Hill bedB.-Gray, ferruginous, and yellow sandstones, and arenaceous 
clays. 

No.4. Fort Pier1·e group8.-Dark-gray and bluish plastic clays . 
. No.3. Niobrara diviBion.-Lead-gray calcareous marls, and massive layers of chalky 

limestone. 
No. 2. F01·t Benton group.-Dark-gray or black laminated clays, sometimes with lime

stones near top and sandstones near base. 
No.1. Dakota gmup.-Yellowish, reddish, and occasionally white sandstones, with, 

at places, some clayey beds and dicotylodenous leaves. 

The general resemblance between these five divisions and the cor
responding ones in Colorado, but for the great distance separating the 
two localities, would naturally suggest their direct co-relation and 
identity. -

Dr. Hayden bas, however, directly traced them, except some easily
passed gaps, across the intervening region, thus establishing their 
identity. 

In his third annual report, 1869, page 121, he says: 
Quite marked changes occur in the sediments of the8e divisions in different parts of 

the West, but by following them continuously, in every direction, from their t;ypical 
appearance on the Upper Missouri, the changes are so gradual that I have never lost 
sight of them for a mile, unless concealed by more recent deposits. 

Again, page 114, in speaking of the Cretaceous in 0olorado, he says: 
At various localities all along the margin of the mountain ranges these divisions of 

the cretaceous are far less distinctly separated, and vary more or less in their structure 
and composition, and yet in tracing them carefully and continuously from the Mifl-
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souri River they always retaiu enough of their typical character, so that I have never 
been at a loss to detect their presence at once, although after leaving the Missouri 
River we do not find any well-defined lines of separation, either lithologically or p.ale-
ontologically. . 

In Colorado the want of fossils in No. 1 has made its position the 
most uncertain of any of the five; but Dr. Peale's discovery in these beds 
<>f the fragments of leaves in his section near the South Platte seems to 
fix this horizon with quite a degree of certainty. 

Professor Lesquereux, in writing to Dr. Peale in relation to these 
leaves, says that these are fragments of a Proteoides, very near Proteoicles 
acuta, (Beer,) if not a small form of the same. As yet no leaf of this 
genus has been recognized in our American measures higher than the 
Dakota group, or No. 1. These sandstones, then, probably lie at the 
base of the Cretaceous. 

In the so-called Jurassic and Triassie, I believe that not a single fossil 
has rewarded this summer's search. In the Upper Missouri, not only 
does \veil-defined Jurassic underlie No.1, so that we might expect to 
find it beneath No. 1 in Colorado, but Dr. Hayden has traced it also 
directl~y to Lake Como, near the Union Pacific Railroad, where it con
tainR well defined Jurassic fossils. 

In' tracing it further south along the base of the mountains the fossils 
disappear ; but in a section exposed on the Box Elder Oreek, north of 
the Big Thompson, Dr. Hayden found some beds which he described 
{report, 1869, p. 119) as'" undoubtedly the usual Jurassic beds, with all 
the lithological characters as seen near Lake Como," and containing a 
species of ostrea and fragments of Pentacrinus asteriscus, a characteristic 
Jurassic fossil. These beds are the same that occur near and above the 
cherty limestone in the sections which I have described as Jurassic, and 
seem to settle the correctness of their assumed age as decisively as 
possible without the direct finding of fossils in the Yery region under 
discussion. 

THE TRIASSIC BEDS. 

The correctness of the assumption of this age for the red beds depends 
only upon their position in relation to other beds of known age, for no
where that I know of have fossils ever been found in these beds. 

So mew hat north of my district, and between the Cache a la Poudre 
and Cheyenne, there appears between the red beds and the Archtean 
rocks, outcrops of Carboniferous rocks, so that the red beds here lie be
tween Carboniferous and Jurassic rocks. West of the Middle Park, 
where all the upper beds retain their characters as east of the mount
ains, the de\elopment of the Carboniferous beneath the red beds is far 
more marked, and consists principally of a second · series of red beds of 
deeper purple hue than those referred to the Triassic. 

Leaves gathered from the upper measures of these by Dr. Peale are 
referred by Professor Lesquereux to the Permian. Unles~ the red beds, 
then, are referred to the Triassic, there will be an unoccupied gap be
tween the Permian and Jurassic ages; nor would we know to which of 
these ages the beds in question could be more properly referred. Until 
fossils are found, therefore, to definitely settle their age, it seems most 
reasonable to refer them to the Triassic. 

I have already spoken of the indefiniteness of the line between the 
Triassic and · Jurassic, and have suggested the convenience of placing 
this arbitrary line above the more massive portions of the red beds, and 
above the massive sandston,es which usually cap them, and not far be
low the cherty limestone. 
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THE LIGNITIC FORlVIA1'ION. * 
We turn now to the consideration of the group of rocks which lies 

directly superimposed upon the Cretaceous l>ecls, and which, economi
cally considered, , is of more importance than any of the preceding 
formations. This is the formation that contains in its lower portions 
the lignites of Eastern Colorado. To what epoch of geological time· 
this group of rocks should be referred, whether it should be considered 
as an upward extension of the preceding cretaceou.3; or the commence
ment of a more recent epoch, is a matter about which there is still di
versity of opinion. Its fossil flora is very abundant, fifty- six species of 
vegetable remains having been found at Golden City alone. Yet Pro
fessor Lesquereux, the eminent authority in fossil botany, says that 
throughout the group not a single leaf has as yet been found identical 
with a Cretaceous species; t and, further, that. "no member of the 
American lignitic, as far as this formation is known by its vegetable 
remains, can be referred to the Cretaceous." t He cone] udes, from his 
extended observations, ·"that the great lignitic group must be con
sidered as a whole and well-characterized formation, limited at its base 
by the fucoidal sandstone; at its top by the conglomerate beds. That, 
independent from the Cretaceous under it, and from the Miocene over itt 
our lignitic formations represent the American Eocene."§ 

There seem to be indications near the base of the group, however, of 
Cretaceous fossils. Lesquereux, himself, calls attention to the fact 
that Dr. Hayden and Dr. John L. LeConte have each found a badly
preserved Inoceramus low down in the series. Both of these localities, . 
however, have since been carefully but unsuccessfu1ly searched for fos
sils; while the similar occurrences which have. thus far from time to
time been reported from various localities have, upon investigu,tion, 
been shown to be the result either of inaccurate observation, or that 
the facts observed were wrongly interpreted, or their bearing over
estimated, or else that they occurred at points where geological com
plications of the rocks made all observation more or less uncertain, as, 
for instance, at Golden City. Indeed, none of these observations so
far recorded can be considered as furnishing evidence in the case, and 
should be thrown out. Only the occurrence of Uretaceous fossils bear
ing the clearest and most undoubted .relations to the adjoining beds, and 
that at more than one or two exceptional localities, can, under the cir
cumstances, be accepted as defining the age of this great overlying 
formation. Even if further observations were to show that these occur
rences were other than exceptional, or, perhaps, accidental, they would 
not necessarily prove more than that these lower beds only were of Cre
taceous age, or, as considered by Hayden, beds of transition between 
the Cretaceous and the Eocene ; though, in view of Lesquereux's idea 
of the definiteness of the formation as a whole, if the lower beds are 
proved to be Cretaceous the rest of the series also could hardly, with 
~onsistency, be considered· otherwise. 

*So many facts have already been collected from this formation by observers of re
pute th3.t, in any attempt to give as coi:Qplete an idea as possible of the geology within 
my specified area, it becomes necessary to draw upon these facts to a very great extent, 
especially as the writer's opportunities for observation in these better-known upper beds 

, were quite limited. The endeavor will be made. to make the material obtained froJ;U 
each authority supplement that from the others. The principal sources of information 
have been the reports of James T. Hodge, Professors Lesquereux, F. V. Hayden, and 
John L. J,.eConte, while much practical information has been personally given by Mr. E. 
L. Berthoud, of Golden City, Colorado. 

t Hayden's Report for 1872, p. 343. 
* Ibid, p. 419. 
§ Ibid, p. 350. 
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So much for the general character and extent of the testimony thus 
far presented from the marine life found in or near the base of these 
beds. 

Terrestrial vertebrate remains, however, occur under neither so equiv
ocal nor restricted circumstanceEl, but such as have been found range 
higher in the formation, and are considered as of decided Cretaceous 
types, and, judging from them alone, the formation would be considered 
as Cretaceous.* 

1 t must be supposed, then, that either a Cretaceous fauna extended 
forward into the Eocene period, and existed contemporaneously with an 
Eocene flora, or else that a flora, wonderfully prophetic of Eocene times, 
anticipated its age, and flourished in the Cretaceous period to the ex
clusion of all Cretaceous plant-forms. Which of these views is correct 
is still the undecided point. Though the latter might seem the. more 
probable view, if judged by the rapidity of faunal changes as com
pared with floral changes in the more immediate past, yet not only the 
great amount, but the remarkable unanimity of the evidence of fossil 
botany, as interpreted by Lesquereux, would indicate the former. New
berry's interpretation of the facts from fossil botany, however, again 
leans toward the latter view. In either case the fact remains than here 
the physical and other conditions were such that one of the great king• 
doms of life, in its progress of development, either lost or gained upon 
the other, thus destroying relations and associations which existed 
between them in those regions from which were derived the first ideas 
of the life boundaries of geological time, causing here apparent anom-
alies. . 

Much of the confusion and discrepancy has, in my opinion, arisen 
from regarding different horizons as one and the same thing. It must 
be distinctly understood that this group as it exists east of the mount
ains in Colorado is very different from and m_ust not be confounded with 
the horizon in which much of the Utah and New Mexican lignite occurs, 
and which belongs undoubtedly to the Lower Cretaceous; and, further, 
that the extended explorations of Hayden and others would seem to· 
prove almost conclusively that the Colorado lignitic group is the direct 
southern stratigraphical equivalent of the Fort Union group of the 
Upper Missouri, t which is considered generally to be no older than the 
Eocene, while Newberry asserts it to be Miocene.t When all the facts 
are known they ma.y develop some new ideas as to geological transi
tions. 

But only the consideration of large areas of country, as Hayden, Les
quereux, Meek, Cope, Leidy, l\1:arsb, and others have already done, will 
solve the problem. Here we have to do only with the aspects of the forma
tion, whatever may be its age, as it occurs within our district, and for 
the present we will speak of the formation as the lignitic. § . 

The 11ature of the rocky fold found along the mountain front, and of 
the subsequent erosion, has been such that in passing eastward over 

*See Cope, Trans. Amer. Philos. So.1869, pp. 40, 98, 243; also Bulletin No. 1 of the 
U.S. Geol. and Geog. Surv. of the Terr., 1874, p. 10, and Bulletin No.2, p. 7. 

t Equivalence founded on similar fossil vertebrates has recently been suggested by 
Cope. (See Bulletin No.2 of the U.S. Geol. and Geog. Surv. of the Terr., p. 7.) 

t Hayden's annual report, 1870, pp. 95, 96. 
§The most complete1·esurne of the evidence bearing upon the age of the lignite forma

tion has probably been given by Professor Lesquereux in Hayden's last report, 1872,. 
pp. 339-350. See also Newberry, in Amer. Jour. Science, April, 1874, (III, vol. vii., p. 
90,) and Lesquereux, Ibid., June, 1874, (III, vol. vii, No. 42, p. 546.) See also Cope, 
Bulletin No. 2 of U. S. Geol. and Geog. Surv. of the Territories; Meek in Hayden's 
report, 1872, p. 461, &c. 
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the upturned edges of the strata all the lower formations are found dipping 
eastward at an angle seldom above 6oo, and genera11y much less, until, 
upon reaching the Upper Cretaceous and lower lignite beds,'they are 
found-at least all through the middle of the district-to be tipped up 
nearly vertical, or even pushed over beyond the vertical, so that they 
appear·to dip at a high angle toward the mountains. 

Immediately there follows an abrupt bend, which at once throws all 
the remainder of the lignitic series into nearly its natural horizontal po
sition, and thus it stretches eastward as the formation directly underly
ing and forming the plains. All through the plain portion of the dis
trict these nearly horizontal beds have been eroded by the streams into 
a rolling country, the irregularities of which are really quite considera
ble, the hills frequently rising several hundred feet above the numerous 
intersecting streams, and, though generally gently molded in long, 
rounded slopes, still abrupt and irregular bluffs, formed of the edges of 
sandstone strata, and of considerable height, occasionally occur. Trees 
occur only along the streams-such as the cottonwood and willow-the 
bills being clothed in a sort of grassy vegetation of very uniform yellow
green color, so that, standing upon an elevation, all the surrounding 
hills are thrown against their neighbors with but little sense of relief, 
and all appears quite level, notwithstanding the decided unevenness of 
the surface. Along the South Platte River, near and below · Denver, 
the strata dips yery gently from either side toward ·the river, forming 
a flat synclinal of the vaUey. To the east, as the surface gradually rises, 
pines in scattered groups begin to occupy the country, the precursors 
of the tract known as the pineries. 

The rocks comprising the lignitic formation, which directly underlies 
tbis country, are principally sandstones and clays. As compared with 
the older formations, these generally present a much newer or less con
solidated appearance. The sandstones are usually of somber colors; 
dull reddish-brown and yellow, and rusty gray, perhaps, prevailing. 
They vary from the conglomerates to quite fine sandstones, and are 
usually friable, and but seldom compact and firm enough for building 
punposes. Some few clean, gritty, white siliceous sands occur. 

The clays which predominate in the formation are of the nature ot 
fire-clays. They are of various colors, most often perhaps light-gray, 
generally,rather soft, and when very fine and unctuous to the touch are 
commonly called "soapstones." At Golden City excellent fire-brick, pot
tery, &c., are made from some of the lower clays. The transitions be
tween sands and clays are sometimes gradual, giving zones of mixed 
material; soapstones becoming gritty, and sands argillaceous. No 
limestones occur, and argillaceous shale and slate only in yery subordi-

. nate quantities. 
Fossil leaves, and fragments of wood, &c.; are very numerous in some 

horizons, usually near the coal. They are mostly of deciduous trees, 
many of which are closely allied to species common in our Southern 
·States and the tropics, the flora of which this ancient vegetation must 
have somewhat resembled, while no true coal-measure (Carboniferous) 
plants, such as ferns, &c., have been found. The remains of trunks of 
trees of enormous size are sometimes met with. 

The following sections are given as illustrating the general characters · 
of the series : The first, which shows the strata as they occur ::tt Golden 
City, is from a section made by Mr. E. L. Berthoud, the positions of the 
outcrops being given on Plate II, section 13. It probably shows a 
greater portion of the full thickness of the lignitic than exposed else
where, for which we have to thank the protective action of the cap of 
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hard lava, which has preserved the lower beds from erosion. The sec- " 
tion is from the artesian boring for water at Denver City. The first 
part is constructed from samples from the well, giYen me, with descrip
tions, by Mr. Brooks, the engineer superintending the boring, the lower 
part being furnished by Mr .. Brooks directly, his section being indicated 
by quotation marks. The sections illustrating the character of the strata 
associated with the coal will be given later. 

Sect·ion of the lignitic strata at Golden City, Colorado Territory, from a 
m·oss-section made by E. L. Berthoud, civil engineer. 
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Nature of strata. 

Doleritic lava, thickness averaging 125 feet: 
Conglomerate and dark sandstone, with layers of buff clay 

containing fossil leaves andplants .. ____ . ____ • _. __ . 
Yellow, gray, and rusty sandstones a.nd cdnglomerates. __ . __ 
Red, yellow, and gray clays, with streaks of coal, fossil ca-

ries, sedges, and grasses_ . _ .... ____ . __ ........ __ . __ . _ .. _. 
Yellow, gray, and white sandstones and conglomerates, with 

beds of buff and yellow cla.y, with fossil leaves .. __ .... ___ . 
Rusty sandstones, with obscure casts of stems and leaves ... 
co·nglomerates and clays, probably .. ____ .. ___ .. __ •. _ . __ • _. 

Green clays and marls, with septaria: 
Dark conglomerate------··----· ......................... . 
Clays and marls . _ ......••.....•.... _ •... _. _ .•. _ .•... __ . _. 
Fire and potter's clay, with rusty red sandstone._ .•... __ ... 
Clays and marls---·-----·---- •.••.•...... ·---·· ...•..• ---· 
Bog-ore bed, with fossil bones and plants·-·--· •..•.• ·-~·-· 
Sandstone and fire-clays.··-- .... ·----- .... ---· .......... .. 
Coal-measures, (five seams or veins of coal)---- .......... .. 
Sandstones and clays, proba,bly ~ ..... _ .. _ • _. __ .... __ . _ .. _ .. 

Thickness 
in feet. 

21} 
135 

45 

130 
30 

900 or 1, 000 

70 
260 
150 
2!l0 

(j(} 

260 
350 

400 or 500 

Total tbicknesss oflignit.ic, from . __ .... ___ _ . ___ •. ___ . 3, 060 to 3, 360 

Section of artesian well near Denver City, by Eli Brooks, engineer. 

No. N atrrre of strata. Thickness 
in feet. 

1 Surface:soil, pro?ably indurated clay decomposed in place by atmo-
spheric agenc1es ....•... _ •. _ .•..•... _ ..•.....• _ .. _ .••...... __ . _. 20 

2 Light-gia..f cJay; some sand _ ... _ .• _. _. ___ . _. _ ... _. _ ..... __ .... _. 55 
3 Fine black sand.··---- --------·----.............................. 20 
4 Irregular black sand .................. ---· ...... ...... .... ...... 5 
5 Light siliceous sand and clay ......... c ............ ·---·----·.... 16 
6 Light-gray unctuous clay. ___ .. __ .... _ ..... __ .. __ ... _ ....... ____ . 16 
7 Fine black sand ....•.. ·--· .......... -·-- •..• -·----·· ...... ··---· , 68 
8 Light sandy clay ... __ • ___ ....... _. _ ... _ ....•.• _. _. _. _ .. _. _ •.•• _. 8 
9 Saud, rather coarse, with clay _ .. _______ ............ _ ...... ...... 8 

10 Light-gray clay, mingled with some sand.-··--· .............. --·· 35 
11 Fine, clean, gray, siliceous sand; water .. _ •. ___ ... _. _ .... _ ... ___ . 5 
12 Clay, mingled with sand.·----··----·---·--·-·----·--~---........ 84 
13 Gra.y, indurated, unctuous clay, (soapstone) ... ___ ... _ .... ___ .• . . . . 160 
14 Coarse, dirty, irregular sand, with clay below ...... _ .... ___ ... __ .. 30 
15 Fine, clean, gray siliceous sand; some mica flakes; coarser sili-

ceous sand near base; water rising high in the well. __ . _ . _.. • . . . 10 
16 " Soapstone" ....... __ .. _ ... _. _ .•. ____ . _. _. _ .. __ ... _ ..•. _. _ .. ___ . 10 
17 " Sandrock" .. _ ... _ .. _ .... _ ... _ . _ . _ . __ . _ .... _ ..... __ .. _ .. _ ... _ . . 40 
18 "Soapstone" ___ ..• __ .. _ ....... ___ . _ ... __ ••... ___ ...•.••..... _. _ _ 30 · 
19 ''Sandrock'' ............ --··-··--·-·-·---············-····----- · 90 ' 
~0 "Soapstone" . _ -.-- _ . _. _. _ ... _ .... _ ...... : .. _ .. _ ......... _. _. .. . . 85 

Depth of well February 8, 1874. --~--- ....... __ .............. . 795 



J.l 0 GEOLOGICAL SURVEY OF THE TERRITO lUES. 

THE COAL SERIES. 

At many points scattered through the formation streaks or indications 
·of coal occur. The only points at which their development has reached 
financial or commercial success, however, seem to be confined to the 
lower horizons of the series as exposed near the mountains. These 
hor~zons would also be found underlying the plains east of their natural 
outcropsJ and could be reached by artesian borings. How deep these 
.borings would have to be, however, to penetrate to the coal horizon be
neath the plains, sufficient examination bas not yet been made to deter
mine with any degree of certainty; and even if reached, it is by no means 
certain, though quite probable, that coal would be found to exist in t he 
same workable quantities as nearer the mountains. 

CHARACi'ERS AND .APPLICATIO~S OF i 'HE LIGNITIC COAL S. 

Chemical characters.-Tbe name lignite would imply that these coals 
were allied to the brown coals of Europe, a relation indicated bytbe large 
percentage of water, usually above 12 per cent., which they contain. At 
the same time this amount of water is small as compared with that of most 
foreign lignites, while, instead of having a fibrous or woody structure, 
they are compact, and generally have a very black color and high 
shining luster, thus more resembling some bituminous coal~. The per
centage of ash for lignites is also low, varying from 2 to 6 per cent., while 
sulphur seldom reaches 1 per cent., and is often nominally absent. The 
"volatile products" evolved from coal below a dull red-heat usually 
vary from 25 to 37 per cent., while the amount of "fixed carbon" gen
erally lies between 45 and 60 per cent., these two components repre
senting approximately the calorific or heat-producing power of these 
coals. The above characters would seem to indicate that these coals are 
superior to those foreign coals from which the term lignite bas been de
rived. Since, on the other hand, they differ in some respects from bitu
minous coals, and since their extensive occurrence in the vYest requires 
some convenient term which will express to a certain extent their char
acter, I have seen fit to use the term lignite coal or lignitic coal. 

It bas been necessary to thus separate these coals as above into the 
four principal ingredients-water, ash, volatile products, and fixed 
carbon-because nearly all the analyses of them that I have been able 
to find thus separate them. While such proximate analyses~ as will be 
pointed out shortly, do not give sufficient data for estimating closely 
the actual calorific value of these coals, and would therefore be mis
leading in comparing them with bituminous and other coals, they yet 
serve, to a certain extent, to compare these lignites among themselves; 
indeed, they form the only data for such comparisons at the present 
time. 

With this end in view, I have gathered together in the following table 
all the trustworthy proximate analyses that I have been able to find. 
They are arranged geographically, commencing in New Mexico and 
proceeding northward along tlte eastern base of the mountains through 
Colorado to the line of the Union Pacific Railroad in Southern Wyoming, 
thence westward along this line to Utah, then proceeding northward 
along the Pacific coast, and ending finally with a few localities near our. 
northern boundary. For better comparison, the localities within my dis· 
trict are printed in small capitals, and are included in the group between 
the two heavy lines. All the analyses give the percentages of the com
ponents as calculated upon the coal as taken from the mine-that is, 
including the moisture-except those with tbe reference "g" attached, 
in which the percentages are calculated on the dried coal; that is, after 
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the moisture has l)een expelled. They consequently give too high per
eentages of volatile products, fixed carbon, and ash, as compared with 
the other analyses; and in them, therefore, the percentages of these 
ingredients should be diminished proportionally to the amount of water 
present in each. 

A few words in connection with the heat-producing power of coals. 
The amount of heat developed in the burning of coal is simply the result 

· or outward expression of the chemical union of the oxygen of the air 
with those substances in the coal for which it has a chemical attraction 
or affinity. These are principally the carbon and the hydrogen. The 
products of the union of oxygen with these simple elements are the com
pound substances carbonic acid and water. The amounts of these pro
duced in combustion represent directly the amount of beat w bich has 
been produ_ced as the result of their formation. Having once been 
formed, chemical action ceases and no further heat arises. If substances 
are present in the original coal that are now combustible, or already 
united with oxygen, that is, already burned, they deteriorate the coal 
accordingly. The ash and moisture present in coals are such substances; 
they both act as simple impurities, as slate or clay would act, diminish
ing the relative percentages of the combustible ingredients, and hence 
the beat-producing power of the whole. But the moisture acts further; 
to convert it into steam requires a considerable amount of the heat pro
duced by the other substances, and which would otherwise be available. 

The amount of moisture in the same coal . may be a very variable 
quantit~,.; so that in analyses the moisture is often first driven off and 
its amount determined, and the remaining ingredients calculated as per
centages of the dried coal, as has been observed in those marked "g" in 
the table. 

Practically, however, the moisture goes into the furnace with the coal, 
there to absorb a large amount of heat and diminish the metallurgical 
value of the coal as a fuel. Analyses which ignore it, therefore, give ' 
misleading results. 
· Are there no other ingredients present which would further deterio

rate the coal~ In the table above the "volatile products" are consid
ered as C()mbustible. Ultimate analyses, however, show them to be 
composed of carbon, hydrogen, oxygen, and a small quantity of nitro
gen. The latter is simply inert, an impurity, and too small in amount 
to be of importance. But the oxygen is already united with the re
maining two, and to just this extent they must be considered as already 
burned, and so far unavailable as beat·producers. 

'l'his oxygen is usually considered as being combined with the hydro
gen to form water. From the "volatile products," then, there should 
be taken away as non-calorific the oxygen, and so much of the hydrogen 
as with it will form water, leaving only the remaining hydrogen and all · 
the carbon as available for producing heat. This "combined water" in 
the "volatile products" acts just as the uncombined water, or "moh:;ture," 
in diminishing the efficiency of the fuel. To arrive at its amount, ulti
mate analyses only will serve the purpose. To illustrate these points, 
Mr. Rossiter W. Raymond, United States commissioner of mining sta
tistics, bas recently* collected a number of ultimate an)tlyses of lig
nites, (none, however, I am sorry to say, of coals in my district,) some of 
which I reproduce here, with two additional ones, following him in the 
lessons he draws from them. I have also added columns 15 and 16, 
which are explained later: · 

"See Engineering and Mining Journal, May 27, 1873, Silliman's Journal, Sep
tember~ 1873, p. 220, and Report of the c,1mmissioner of Mining Statistics for 1872, 



TABLE A.-Proximate analyses of Western lignitic coals. 

Locality. 
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Color of ash, &c. Analyst. o5 
~ 
;:::1 

~ 
$ 
Q) 

~ 
1--. l--l--1--1--l--1--l--l------------------

1 Vermejo Canon, N.Mex . .................. 1. 36 3. 27 23.73 59.72 
2 Raton Mountains, N. Mex ................. 1. 31 0. 90 23.50 55.40 
3 Fifteen miles north of Trinidad, N.Mex ... 1. 26 1.15 37.05 57. fiO 
4 Canon City, Colo ..........•.•.•........•.. 1. 29 5. 40 36.40 54.70 
5 Canon City, Colo . .. ..... . ... ·····--------- 1. 28 4. 50 34.20 56.80 
6 Colorado Springs, Colo ................... . 1. 27 12.90 39.10 46.00 

13.28 22.80 -----··~:······ 5418* Brownish-gray ................... GeorgeJ.Brush .... (a) 20.20 ........................... Gray; sulphur= 0.9%------- .... C. Leo Meos ........ (b) 
4. 20 ............................ Gray; sulphur= 0.85% ............. . do ............... (b) 

~:~8 :~::::: ::::::: ::::::: ::::::: ~~~7:~r;,:~~~~~-;~~:::::::: -~~1:~J~e~~~:::::: {g! 
7 GOLDEN CITY, 56 feet uelow surface, Colo .. 1. 32 1::!. 4::! 37.15 45.57 
8 GOLDEN CITY, north en(l, 100ft. level, Colo. 1.35 13.67 34.75 47.58 
9 GOLDEN CITY, nort,h end, 100ft. level, Colo. 13.10 ............ ............ t~z 1::::::: ::::::~::::::: :::::::-~~~~~_:_:::::::::::::::::::::::::::: :~-;:1r~~~~-~~:e::::: ~~; 

10 GOLDEN CITY, south end, 100ft. level, Colo. 12.70 
11 MurtPnY MINE, R alston Creek, Colo ....... 1. 34 13.83 35.88 44.44 
12 MURPHY MINE, Ralston Creek, Colo ....... 13.70 

4.10 ................................................................... do ........ ....... (d) 
5. 85 ....................... ..... Orange .... . .......................... do .... ...... ..... (d) 
5.80 ...................................... . ............................. do ............... (d) 

13 MunPHY MINE, R alston Cr.eek, Colo .•..... ............ 13.90 .. ........... ............ 4.30 ................................................................... do ............... (d) 
14 MURPHY MINE, Ralston Creek, Colo .•..... 1. 39 11.70 29.07 55.31 
15 COAL CREEK, Colo ..........•.....•••...... 1. 29 20.00 19.30 58.70 
16 MARSHAJ.L MINE, Colo ..................... 1. 40 12.00 26.00 59.20 

3. 92 20. 49 . • .. . . . . . . . . . . 4870* Ochre-yellow, luster waxy........ George J. Brush.... (a) 
2.00 ............................ Reddish and light-gray ........... Dr.JohnTorrey .... (e) 
2.80 ................................ do ................................. do ............... (e) 

17 MARSHALL MINE, Colo ..................... 1. 33 12.00 33.08 49.72 
18 BAKER MINE, Colo ......................... 1. 32 15.00 30.50 50.65 
19 ERIE (BHIGGS) MI!\'1<;, Colo .......•......... 1. 27 14.80 34.50 47.30 

5. 20 .............. ------ ....... . Gray; light, bulky.............. James T. Hodge .... (d) 
3.85 . ...... ...... ........ . ..... Olive-brown; coal,hard,tough ........ do ............... (d) 
3.40 ............................ Orange ............................... do ............... (d) 

20 ~ear Coopers Stat1oil, Wyo................ .... .. 9. 28 39.12 47.04 
m Carbon, Union Pacific Railroad, Wyo...... 1. 31 8. 10 34. 70 51. 65 
22 Carbon, Union Pacific Railroad, Wyo...... 1. 30 6. 10 38. 80 49. 30 
23 Carbon, Union Pacific Railroad, Wyo...... 1. 33 6. 80 35. 48 49. 72 
24 Carbon, Union Pacific Railroad, Wyo...... 1. 37 11. 60 27. 68 51. 67 
25 Separation, Union Pacific Railroad, Wyo .. 1. 34 ....... 48.00 50.57 
26 Black. Butte, Union, Pacific Railroad, Wyo 1. 31 ... _ .. _ 46. 00 50. 78 
27 Hall ville, upper bed. Wyo................. 1. 45 .. . . . . . 46. 00 50. 60 
28 Ballville,upperbed,Wyo ................. 1.32 . 12.12 29.75 54.37 
29 Hn1lville, lower bed, Wyo .. • . .. . .. .. .. . . .. 1. 45 .. . .. .. 48. 00 48. 02 
30 Hallville,lowerbed,Wyo ..•....•.•.•..... 1.32 13.26. 29.46 52.41 
:n Point of Rocks, Wyo....... ...... .. ...... ...... 8. 54 30.60 52.34 
32 Point of Rocks, Wyo .. . . . .. . .. . . • . . . . .. . . 1. 34 . . • .. .. 50. 00 46. 50 
33 VanDyks, Wyo .......................... 1.28 ....... 46.00 52.67 
34 VanDyks,Wyo ................ " ........ 1.27 8.12 36.65 53.23 
35 Rock Springs, Wyo . .. . . . . . .. . . .. .. . .. .. .. 1. 29 7. 00 36. 81 54. 46 

.36 I RockSprings, Wyo --··-----·-···· ~ -------11.23 1 6.251 31.751 52 .. 45 

4.56 22.20 .......... ·•••. 5~76' Yellow-bi~wn;:-sulpl:iur=1~::l8<}-o .. Dr~J!~Gent ..... (f) 
5. 55 ............................ Gray; sulphur= 0.91%---------- C. Leo Mees ........ (b) 
5.80 ................................ do .......... . ...................... do. : ............. (b)• 
8. 00 .................... ........ . Light-gray, nearlywhite .......... James T. Hodge .... (d) 
6.17 ............................ Light-gray; sulphur=2.88%---- J.P. Corson ........ (h) 
1. 43 20. 62 10. 08 60. 65 4900 · Deep-red .. .. .. . .. .. .. . .. . .. . . . . .. W. Ash burner...... (g) 
3.22 19.99 8.02 58.80 4751 Fuses into globules ................... do .............. . (g) 
3.40 1:>.43 6.55 57.15 4618 White ................................ do ............. . . (.g) 
3. 76 ............................ Gray, smoke-whitish ......... ..... James T. Hodge .... (d) 
3.98 18.45 6.26 54.28 4386 White ............................. W.Ashburner ...... (g) 
4 .87 ............................ Yellowish-gray ................... JamesT.Hodge .... (d) 
8.52 21.80 .... .......... 5181* White; sulphur=0.04% ......... Dr. F.A.Genth ..... (/) 
3. 50 19.64 11.27 57.77 4668 White ............................ W. Ashl:mrner -~---- (g) 
1.38 23.35 16.01 68.613 5549 Brick-red ............ .... ....... ...... do ............... (g) 
2. 00 .. • • • • . .. .. . .. .. .. .. . .. .. .. . Light-gray, coking................. James T. Hodge .. .. (d) 
1.73 ...... ........................... do ................................. do ............... (d) 
9. 55 1:..:;··· +--~----1-.----··1- ~-- ---I White; sulphur=0.94% ............ C. Leo Mees ........ 1 (b) 
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37 Rock Springs, Wyo . . . . . . . . . . . . . . . . . . . . . . . 1. 35 . . . . . . . 46. 00 44. 98 9. 02 22. 41 20. 93 65. 91 5325 White .•...•••.•...... ~ ........... W. Ash burner...... (.q) 
38 Evanston, Wyo . .......................... 1. 33 ...... . 40.00 · 52.75 7. 25 20. 75 8. 27 61.02 4930 .... do ................................. do ............... (g) 
39 Evanston, (1,) Wyo.................... .. .. 1. 34 8. 07 43. 06 47. 3•1 9. 60 23. 70 22. 36 69. 70 5632 Gr::fo ............ ~................ 0. D. Allen.......... (g) 
40 Evanston, (2,) Wyo........................ 1. 35 8. 10 42. 70 47. 67 9. 67 23. 70 22. 03 69. 70 5632 . . . . o ................................. do . . . . . . . . . . . . . . . (g) 
41 Evanston, Wyo . . . .. . . . . . . . . . . . . . . . . . . . .. 1. 30 8. 58 35. 22 49. 90 ~: ~~ ::: :::: ::::::: ::::::: ::::::: :::: :::·:::::: :::::::::::::::::::::: _ ~~rd~s- ~-- :.::~~~~-:::: ~~~ 00 42 Christmans, Coalville, Utah ... . ........... 1. 32 10.66 38.23 48. 00 
43 .Christmans, upper tunnel, Utah ........... 1. 32 9. 56 48.09 48.14 3. 77 23.80 21.86 70.00 5656 Gmy ............................. 0. D. Allen .......... (g) 

q-.2 44 Christmans, lower tunnel, Uttth ........... 1. 32 10.38 49.28 47.83 2. 89 24. 00 22. 76 70. 59 5704 Yellowish-w bite ...................... do . . . . . . . . • . . . . • . (g) 
ill 45 Christma.ns, lower tunnel, Utah .•......... 1. 32 9. 83 47.46 48.91 3. 69 23. 70 20. 79 69. 70 5630 .... do ................................. do . . . . . . . . . • . . • • . (IJ) 

46 Robinsons, Utah .......................... 1. 32 !J. 42 48.21 48.27 3. 32 25. 20 25. 65 74. 12 5989 Light-gra.y ..... .. .................... do ............... (g) 
47 'Johnsons, Utah ... ........ ...•........... . 1. 29 ,,9. 89 47.34 4!J. 35 3. 31 23.80 20. 65 70.00 5656 .... do ................................. do .•............. (gi 
48 ~Wasatch, lower tunnel, Ut,ah ..•........ . .. 1. 31 ·s. 38 47.06 49.68 2. 26 29.90 26.49 76.17 fll54 Nearly white ........ ................. do .........• · ..... (g) 
49 Wasateh, upper tunnel, Utah ...........•. 1. 30 47.80 49.75 2.22 25.30 24.66 74.41 6012 .... do ................................. do ............... (.q) 
50 Wasatch, Utah ........................... 1. 32 50.00 46.73 3. 27 20. 79 14. 42 61. 15 4941 Reddish-white.................... W. Ash burner .••••. (,q) 
51 Spragues, Utah .. .... ..................... 1. 44 54.00 42.53 3. 47 20.46 17.64 60.17 4862 White ................................ do .......•.•..•.. (f!) 
52 Spragues, (1,) Utah ........................ 1. 32 1. 68 47.27 48. 78 3. 95 23. 50 20. 44 69. 12 5585 J.i~ht-reddish gray , .. .. . . .. . .. .. . 0. D. Allen .......... (g) 
53 Spragues, (2,) Utah ........................ 1. 33 8. 62 47.16 19.03 4. 01 23. 20 19.20 68.23 5513 Light-reddish gray; sulp'r=2.40% .... do ............... (g) 
54 Weber River, Utah .•••...• .... ...•...••••. 9. 45 26.21 58.32 !: ~1 ::::::: ::::::: ::::::: ::::::: ::::.-:::::::::::::::::::::::::::::: W.0P~'hl!~~t~~:::::: ~}~ 55 Monte Diablo, Cal. ............ : ........... ............. 3. 28 47.05 44.90 
56 Monte Diablo, Cal. ••••.••..•...•....•..•.. 20.53 35.62 36.35 7. 50 ............ ........... ........ -.... . ........... .................. . .......................................... J.D. Whitney ...... (i) 
57 Monte Diablo, Cal. .............. : ......... 14.13 37.38 44.55 3. 94 .................................................... ...... .... do ............... (i) 
58 Monte Diablo, Cal. ........••...•...•..... . 13.84 40.27 44.92 0. 97 ............ ......... ............. .. ......... ........................................ .... do ............... (i) 
59 Monte Diablo, Cal. ........................ ........ 14.69 33.89 46.84 4. 68 . ......... .......... ........... ........ .... ............................................ ................ .... do ............... ('i) 
60 Monte Diablo, Cal. ........................ 13.47 40.36 40.65 5. 52 ··;;;.···· ............. ............ ............ . ............................................................ .... do ............... ('i) 
61 Coos Bay, Oreg ............................ ........... 20.09 32.59 41.98 5. 34 .................................................................. . ... do ............... (i) . 
62 Coos Bay, Oreg .. ........................... 50.27 46.54 3.19 ............. . ........... . ........... ...................................... .............................. J. S. Newberry ...•.. (j) 
6il Bellingham Bay, Wash .................... s. 39 1 33.26 45.69 12.66 ............. . ..................................................................... J.D. Whitney ...... (i) 
64 Bellingham Bay, Wash ..................... 50.22 47.6:3 2.15 .................................................................. J. S. Newberry ...... (j) 
65 Nanaimo, Vancouver IE>land ............... 2. 98 1 32.16 46.31 18.55 ................................................................ J. D. Whitney ...... (i) 
66 Nanaimo, Vancouverisland ............... 44.30 51.81 3.19 ........ ...... ............ ...................................... J.S.Newberry ...... (J) 
67 Chestnut. River, near Bozeman, Mont ...... 3. 00 41.50 43. 50 12.00 ............................................................. A . C. Peale .......... \t) 
68 Chestnut River, near Bozeman, Mont ... ... ............ 7. 00 34.50 5:>. 50 8. 00 .......... . ........... ........... ............. ... .................. ................................... .... do ............... (l) 
69 One mile south of northern boundary, 12.05 35.12 64.18 6. 65 ............ .. .............. .. ....... . .. ............ Light-gray .••••••.•••••.•••••.••. G. M. Dawson ....... (m) 

near 1060, Mont. 
70 Souris Valley, near 49th parallel, Brit'h Col. 15.11 32.76 47.57 4. 56 .......... .......... .. ............ .............. Yellowish-white, light .•.•••.•••.. .... do ............... (m) 
71 Souris Valley, near 49th parallel, Brit'h Col. 12. 07 3'~. 74 45.44 2. 75 Reddish-white ........ - ........... . ... do . .............. (m) 

l * Approximate: One part of pure carbon being taken as reducing 34 parts of litharge, 
(Berthier's method,) usually giving results within one-ninth smaller than obtained by 

.calculation from ultimate ana1ysis. 
' (a) Notes on the Geology, &c., from the Smoky Hill River, Kansas, to the Rio Grande, 
by Dr. John L. LeConte, p. 58. 

(f) Quoted by Persifor Frazier,jr., in Hayden's Report, 1870, p.185. 
(g) Exploration of the Fortieth Parallel, Clarence King in charge; vol. 3 Mining In· 

dustry, p. 473. 
(h) 'Hayden's Report, 1867-'68-'69, reprint, p. 197. 

' (b) The Lignitic Form:.tion and Fossil Flora, by Prof. Leo Lesquerenx; Hayden's 
Report, 1872, p. 370. 

(c) Engineers and Mining Journal, August 20, 1872, ancl Raymond's l{eport on Mines 
and Mining West of the Rocky Mountains, for 1872, p. 304. 
· . (d) The :rer~iary Coals of the West, by James T. Hodge, in Hayden's Report, 1870, 
p. 321. 

(e) Dr. F. V. Hayden in Silliman's Journal, March, 1868, and Final Report of Nebraska, 
1872, p. 62, (also in a above,) 

(il Geology of California, Prof. J. D. ·whitney, vol. 1, p. 30; quoted in a above, and 
"Mineral Resources of the West," 1868, J. R. Browne, :p. 229. . 

(j J Report on the Geology, &c., of Northern Califorma and Oregon, War Dep'trtment, 
Washington, D. C.,1857, by JohnS. Newberry, pp. 64-67. 

(k) Alaska and its Resources, W. H. Dall, Boston, 1870, p. 472, and Macfarlane's Coal 
Regions of America, New York, 1873, p. 577. 

(l) Hayden's Report, 1872, p. 114. . 
(m) Geological Report of Progress for 1873, British North American Boundary Com

mission, by George M. Dawson, Montreal; also, Canadian Naturalist, April, 1874, p. 250. 
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Analyst. 

-------------'-' 1 l---l---l--'-l---l----l---·l--- l---1--- l---l---l---l---l---l-------

1 2 3 4 ~ 6 ,. 8 9 10 11 12 13 14 1;) 16 17 
------------ ------ · ------ --------- ---· 

Canon City, Col .•.... ... . . .... ~181 50.36 17.22 5. 74 1. 68 13.42 ·--····· 5. 77 0. 63 15.10 7439 7845 7330 6961 86% Dr. T. M. Drown. 
Carbon Station, Wyo .. .....••. 11.56 59.41 5. 5tl ]. 86 1. 90 15.20 1. 74 1.68 1. 07 17.10 5892 (i{j()2 57::1i:l 5618 6!)% H.S.Monro. 
Carbon Station, vVyo .......... 8. 06 59. 6:i !1. 51 :J. 17 1.19 9.54 1. 25 6.f.i2 1. 03 10.73 6679 72()4 6578 6a74 79% H.S.Monro. 
Weber Canon, Utah .....•..... 9. 41 57.64 7. 20 2. 40 1. 94 15.52 1. 2!) 3. 00 1. uo 17.46 6056 6685 5\112 5757 70% H. S.Monro. 
Echo Canon, Utah ............ 

9 171 62.25 7. 59 2. 53 1. :n 10.99 ]. 93 3. 40 o.n 12.36 6515 7172 6400 6237 77% H.S. Monro. 
Coos Bay, Oreg .. ......... ..... 13.28 5'1.29 1. 95 0. 65 2. 73 2l. 82 0. 42 4. 05 0. 81 24. 55 4768 54!18 4565 4;)23 56% H.S.Monro. 
Monte Diablo, Cal. •........... 8. 94 50.36 9. 36 3.12 1. 96 15.69 1. OL 5.1>4 3. 92 17.65 5900 6n2 5757 5526 68% H.S.Monro. 
La Roche Percee* ............. 13.92 52; 63"• 3. 87 1. 29 2. 36 18.91 0. 80 5. 62 0. 60 21.27 5009 . ........... . 4821 4738 59% C. Tookey. 
Fort Edmonton t .. _ ........ - .. 14.50 46.26 4. 34 1. 44 1. 80 14.41 0. 90 15.93 0. 42- >16. 21 4585 ---·· --· 4420 4327 53% C. Tookey. 

* Souri River, British America; latitude 49° 7' north, longitucle 115 west; Tertiary.(~) 
t Right bank of the Saskatchewan; latitude 53° 33' nol'th, longitude 113° 20' west; Lower Cretaceous.(~) (See Hector's Report on Geology of Country between Lake Superior 

and the Pacific; Quarterly Journal Geological Society, London, vol. xvii, Part I, pp. 409 ami 421; Percy's Metallurgy, vol.1, :E'uel, p. 87-) 
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The moisture, or uncombined water-ash and sulphur, in the above table 
appear in the same manner as in the preceding table. The carbon 
appears greater in amount . because, besides the" fixed carbon," it in
cludes the carbon before contained in the " volatile products." 

The amount of oxygen included in these volatile products now becomes 
apparent. If combined with the associated hydrogen to form water, it 
has thus already rendered one-eighth· of its weight of hydrogen un
available as a heat-producer. . The resultant combined water (equal to 
the oxygen plus one-eighth of its own weight of hydrogen) is given in 
column 11, and this acts precisely as the moisture does in absorbing 
heat. l\1:r. Raymond, in speaking of the first three columns of calorific 
powers, which he gives, says: 

In each of these the amounts are expressed in centigrade heat units, and there
fore indicate directly the pounds of water which could theoretically be raised from 
zero to the boiling-point by the combustion of one hundred pounds of fuel. The first 
column is obtained in the following manner: The amount of combined water is found 
by adding to the oxygen one-eighth its weight in hydrogen ; the remairting hydro
gen is multiplied by 34,462, the number of heat-units evolved in the combustion of 
hydrogen ; and the amount of carbon is in like man~er multiplied by 8,080, the calo

' rific modulus for carbon. The sum of these two products is the number of units gen
erated by the complete combustion of one unit of the fuel, containing the given pro
portions of carbon and available hydrogen. The heat units due the combustion of the 
sulphur are disregarded, in view of the small amount of sulphur, its low calorific 
capadty, (about 2,240 units,) and the circumstance that it exists partly in the form of 
pyrites, the decomposition of which still further diminishes the amount of beat from 
this source, and partly as sulphuric acid, causing a net loss. 

The second class of calorific powers is obtained by a similar calculation on the suppo
sition that the moisture is absent. The third column gives the closest approximation 
to the available beat, and is obtained by deducting from the figures in the first the 
amount of heat-units required to vaporize the moisture and combined water. This is 
537 units of beat fol" each unit of water. 

In reality, the results in column 14 (calorific power III) should be 
still further reduced. 

vVe have seen that the full amount of hydrogen given in the analysis 
cannot be realized as a heat-producer, ~s part of it already exists in the 
form of water. Is the remaining hydrogen to be regarded as in a con
dition to give out all its great beat energy' It is, in fact, combined 
with some of tbe carbon present, probably mostly in the form of marsh
gas, (composed of one part by weight of hydrogen to three of carbon,) 
and though the two ingredients are both combustible, yet they have to 
be separated from one another in uniting with oxygen in the process of 
burning. As the union of elements to form compounds produces heat, 
so the separation of compounds in their elements absorbs heat, and 
each unit of marsh-gas thus decomposed absorbs about 1,6l2 units of 
heat. In other words, whoo a unit of marsh-gas is burned it produces 
but 13,063 units of heat instead of the 14,675 units which. would be, pro
duced• if it were first separated into its components and these then 
burned, as is implied in the preceding calculation of calorific power III. 

In estimating the calorific power of the fuel from this last point of 
view, the amount of hydrogen .rendered unavailable as a beat-producer 
in the form of water remains the same as before. (Columns 6 and 11.) 
The remaining hydrogen, (column 5,) if its combination with carbon is 
considered to bA in the proportion to form marsh-gas, which is approxi
mately true, must take up three times its weight of carbon (column 4) 
to form this gas, and the sum (column 4 plus column f5j multiplied by 
13,063-its calorific modulus-will give the heat produced in its com· 
bustion. Tpe remaining carbon only, then, gives out heat in proportion 
of 8,080 units to one of carbon, and the two products together give the 
total amount of heat produ~ced, from which, as before, the beat ab-
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sorbed by the vaporization of the water must be subtracted to oqtain 
the actual available heat produced bJT the combustion of a unit of this 
coal. The results are given in column 15. (Calorific power IV.) They 
inay also be obtained by subtracting from calorific power III 64.5 units 
of heat for each per cent. of hydrogen present in the analyses over and 
above that required to form water with the oxygen present. Column 
14 gives the relation between the heat-producing power of these coals 
as compared with that of pure carbon, (8080.) 

It shows that many of them may be considered as having three-fourths 
of the calorific power of that substance as represented by perfectly 
purified charcoal. These numbers, of course, can never be fully real 
ized in actual practice, but neither can the full calorific power of pure 

' carbon; they still serve, however, for purposes of comparison, and 'they 
show ,that the inherent or potential capabilities of these coals are far 
greater than they are usually supposed to be. 

So much for the quantity of heat that these coals are capable of pro
ducing, if completely and perfectly burned. 'The temperature produced 
by this combustion, and which is the chief consideration in the applica
tion of · fuel to practical purposes, is another matter. This temperature 
depends On the rapidity or intensity of the COlD bustion in a given Space, 
and the ·amount and specific heats of the gases produced by it, and may 
be as seriously affected by the physical behavior of the fuel as by its 
chemical composition. That 'the latter is favorable to the production of 
high heats is shown above; but before being able to judge of the best 
mode of application of these coals, their physical charactei's and behavior 
mus~ be first examined. 

PHYSICAL CHARACTERS OF THE LIG:NITIC COALS OF THE PLAINS. 

The lignitic coals of Colorado occur varying from mere streaks of 
carbonaceous matter to beds 16 feet in thickness. "For the most part 
they are remarkably free from impurities, it being not rare to see a face 
of 8 or even 10 feet of clean coal of brilliant luster, perfectly sound and 
solid in the mine, without a particle of slate or any visible foreign mat
ter that would injure it. Iron pyrites, however, may generally be de
tected' in small flakes and thin disks, but very rarely in sufficient quan
tity to be injurious. Mineral resin is a common ingredient.''* 

Their specific gravity is seldom below 1.3, sometimes 1.4. With one 
or two exceptions, in which the color is a dull black, they all possess a 
high shining luster, and cleave readily into cubical blocks. When well 
protected they may remain a long time unchanged, but on exposure to 
the atmosphere• .they disintegrate very rapidly. '' This tendency to 
crumble is the cause of great waste at the mines-all the greater that 
these tertiary coals can scarcely ever be made to melt and agglutinate 
into a firm coke. With rare exceptions, when submitted to the coking 
process they retain their form or crumble into a d'ry powder." "The 
coal kindles and burns freely, making a bright fire with a yellow blaze 
and comparatively little smoke ; the odor of this is not so strong . or 
disagreeable as that of the bituminous coals, and somewhat resembles 
the smell of burning peat. The smoke is not alwa;ys dark and thick, 
but is sometimes of a light-gl'ay color. The ashes are remarkably light 
and bulky." t 

* H~dge on the Tertiary coals of the W est, (Hayden's Report for 1870, p. 319.) 
t Ibid., pp. 319-320. 
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APPLICATIONS. 

These coals have been found to serve well for all domestic purposes, 
either for cooking or warming, and are now largely used both for sta
tionary boilers and locomotives. Their freedom from sulphur, in ren
dering them less injurious in burning out grate-bars, &c., would recom
mend them for these purposes ; though with some of these coals a 
frequent use of the exhaust in increasing the draught is necessary to 
insure a sufficiently rapid combustion. According to Hodge, the engi
neers find that the more crumbling varieties sift through the grate-bars, 
requiring closer screens at the top of the smoke-stacks. "They endeavor 
to obtain the coal as freshly mined as possible, on account of its sounder 
condition. Clinkers sometimes form sufficiently to be troublesome when -
the coals are obtained from those mines that contain seams of slate." 

These coals are at present also used for the following purposes, for 
information about which I am indebted to 1\ir. Berthoud: At the two 
smelting works at Golden City the best lignitic coal is used in roasting' 
ores, either in close furnaces, or in step-furnaces used in desulphurizing 
pyritous ores. It is also used at Golden for baking the bricks, &c., 
there made from the clays of the lignitic series. For g·as-making in 
Colorado the lignitic coals are alone used, while a five-feet bed at Golden 
City, Cajion City coal, and Trinidad coal are all used in blacksmith
work. 

And here we seem tp stand on the limits of the usefulness of these 
coals. Notwithstanding the· high potential calorific power which we 
have seen that they possess, it remains for some reason unavailable. 
For all those processes in the arts in which high temperatures are 
required, the lignitic coals-as compared with anthracite and bitumin
ous coals-have so far proved seriously defective. Indeed, they hardly 
compare with some of the coals with which they are allied in both 
physical and chemical features, as, for instance, the 4' block-coal" of 
Indiana, which, though not equaling in calorific power some of these 
western coals, as Raymond has shown, yet is successfully used in 
smelting iron. With these coals, howe"\7er, even for common black
-smithing purposes, it has required much experience before they have 
become t{) be permanently used for welding, and, while they are used at 
Golden City for roasting the ores, for smelting them (mostly_galena, and 
siliceous ores of gold, silver, copper, lead, and zinc) a large proportion 
of Pittsburgh coke is used. One or two experiments in reverberatory 
furnaces and several trials in blast furnaces have all proved unsuc
cessful. In the fQrmer the common fire-box and horizontal grate was · 
used, and in no case was strong artificial draught or pressure employed. 
What might be accomplished with the many recent appliances in the 
way of improved grates, fire-boxes, and high pressures remains yet to 
be seen, but, so far as tried, they have failed as producers of high 
temperatures. 

The cause of all these failures appears to be due simply to the physical _ 
behavior of the coal when heated-in giving oft their large percentage 
of moisture they crumble into small pieces. On the furnace-grate this 
produces a layer not readily penetrated by sufficient air to support a 
rapid combustion and consequent high temperature, and the frequent 
stirrings necessary to avoid this difficulty introduces another in the loss 
of heat incident upon the constant opening of the furnance-doors. In 
the blast furnace the t~nclency to crumble is augmented by the super
incumbent weight, so preventing the access of air that the furnace 
nearly chills without reaching a smelting temperature. They tnight 
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still be made available for this purpose to a small extent by mixing 
them with charcoal. In Austria somewhat similar coals have been used 
to the extent of one-eighth or one-fourth of the amount of charcoal 
used.* 

The usual process employed to make coals of low calorific power 
useful, by driving off the moisture, and concentrating, as it were, the 
combustible material, is the process of coking; but this, as we have 
already seen, fails with these coals. I believe that no coal so far found 
in my district has been successfully coked. They either crumble to 
powder in the process, or make such a friable product that it pulverizes 
in handling or in the furnace. Further south Trinidad coal makes a 
fair coke, and Canon City coal a poorer one. • 

A process has been patented for coking the lignites, but I am in
formed it makes a crumbling, inferior article, unfit for smelting iron, 
though applicable for light forging. 

To obviate the great loss arising from the easy crumbling of these 
coals-and the process would improve their behavior in the furnace as 
well-Professor Lesquereux has suggested the mixing of the coal slack 
accumulating at the mines with some agglutinizing material and com
pressing the mixture into coherent blocks; and for the Western Wy
oming and Utah coals he suggests the use of the bitumen stored in the 
black shales of the Green River group of rocks near by. Were this to 
give sufficient coherence to the mass, it is certainly an admirable sugges
tion. Many of the substances used for such purposes, as clay, &c., being 
non-combustible, only subtract from that calorific power in which the lig
nites are originally somewhat d€fective, while the bitumen would natu
rally assist in their combustion. The enormous accumulations of slack 
about Eastern and European coal-mines have already led to many. ex
periments to render them commercially available. When some of these 
processes are perfected, their application to western coal-slack may 
some day form an important industry. 

But any process which c~n employ directly or which requires a fuel 
of friable character is the one best adapted to these coals. Heat-pro
ducing appliances have :qaturally been designed for the use of coherent 
fuels, and hence these crumbling lignites have failed when used in their 
stead. Processes, however, have comparatively recently been intro
duced which attain the very highest metallurgical results, and which 
are yet assisted by the friability rather than by the compactness of the 
fuel ; and, so far as this character is a factor in the operation, these 
coals would be admirably fitted for suph processes. 

Such processes maybe considered as divided into two classes; namely, 
those using gaseous fuel, and those using pulverized fuel. The type of 
the former is the now well-known Siemen's process, with the regenera
tive furnace. Here the coal, or any carbonaceous matter, is first burned 
in a small, close furnace, called the "Producer," in which the object is 
to produce, not a high temperature, but a combustible gas. For this 
purpose the fineness of the coal rather aids the process, for the carbonic 
acid, formed by the first co~ tact of the air with the lower layer of burn
ing coal on the grate, is then all the more cert?jn, in passing up through 
the fine mass of incandescent fuel above, to become carbonic oxide, the 
gas employed in the final operation in the main furnace. This process 
has Ro far probably been more generally successfully .used for the pro
duction of the very highest metallurgical temperatures than almost any 
other; and as not only lignites, but peat, wood, and even sawdust have 
been successfully used, and all but the latter for the greatest heats, there 

"Tunner's Leob., Jahrb., VI, 186. 
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is no doubt but that the lignites of Colorado could be employed in any 
process embodying this principle. ·.The'' plant~" however, is expensive, 
and has so far only been economically used, so far as I know, in large 
iron operations, the ore necessary for which is still wanting in the far 
West. The principle of producing and using the gases from these coals, 
however, could still be applied when such high temperatures as requJre 
the use of the " regenerators " are not desired. 

A successful type of a pulverized fuel process is that of Messrs. 
Whepey & Storer. In strong contrast with tl).e expensive plant of the 
Siemen's process, the essential piece of apparatus here is a machine dif
fering but little from a fan-blower. The coal, first screened to the size of 
coarse gravel, is automatically fed into a cylinder varying from 12 to 30 
inches in diameter, in which a paddle-wheel revolves at the rate of from 
1,500 to 3,000 times per minute. Caught in the rapid revolutions of 
this paddle-the particles abrading one another in the swift air-cur
rents-the coal is rapidly pulveriL3ed to the finest dust, and, with the 
accompanying air, is forced in a constant stream through a short pipe a 
few inches in diameter into the previously slightly heated fire-place 
beneath the boiler, or into the combustion-chamber of the furnace, as 
is the air from an ordinary fan-blower, every minute particle of coal 
floated upon and surrounded by the very air which is to burn it, while 
the supply of either coal-dust or air can be instantly regulated and 
varied in amount until so proportioned to one another as to produce the 
most perfect combustion. Indeed, the conditions for combustion here 
seem almost perfect, so that, notwithstanding the apparent inadequacy . 
of the means employed, the highest metallurgical heats may be obtained 
and used on a large scale. It is easily applicable to common boilers, or 
most heating appliances, and generally requires but slight change in 
the original apparatus. 

Aside from the portability and ease of application of the apparatus, 
. (important considerations in the West,) the process appears to be so 

particularly adapted to these friable coals, especially in view of the 
difficulties surrounding their application in other ways, that it seems as 
if it were in this direction that the lignitic coals of the West could be 
best rescued from the metallurgical difficulties which now surround 
them. It is certainly a process which is aided by that very character 
of these coals which renders them unfit for use by the usual methods.* 

DISTRIBUTION .A.ND DEVELOP:i\IENTS OF THE LIGNITIC CO.A.L. 

On the accompanying map (figure 4) will be found indicated nearly 
all the points at which openings have been made on coal deposits within 
my district, th·e positiorrs of which with respect to the sections, with but 
few exceptions, have been very kindly furnished me by Mr. E. L. Berth
oud, of Golden City. The~e openings are indicated by prominent black 
squares, the names of the mines, or their owners, being in most cases 
attached to them; while the outcrop of the coal horizon, as inferred 
from these openings, is given in the strong black line to better emplut
size its position. 

Over most of this region this outcrop is hidden from view by the 
superincumbent horizontal terrace-beds or detrital material. Along the 
western edge of the maps are the abrupt ends of the massive mountain-

If For a clear and simple statement of the chemical principles which underlie the com
bustion of fuel, and of the practical considerations affecting the carrying out of these 
principles, and realizing the full value of the fuel, the reader is referred to James Mac· 
tarlane's Coal Regions of America, New York, D. Appleton & Co., 1873, pp. 626-638. 

' 
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spurs of the Archrean rocks. Then comes the zone of outcropping edges 
of the Triassic, Jurassic, and Cretaceous beds, approximately shown. by 
the lining; the first two by oblique lines downward to the right, the 
last by horizontal lines. To the east, so far as I know, all is of the 
Lignitic formation. 

Sections illustrating the relations between these beds at several points 
(indicat·ed by numbers on the map) are given on Plate II. The basis of 
this map is compiled from the United States land survey, the town
ships and sections being therefore authoritative. The limits of the 
counties are shown by the oblique lining downward to the left, while 
.all the railroads at present in operation are alsQ given. It will be seen 
that, as before stated, the main coal-measures, so far as known and 
Qpened, lie chiefly near the mountain-base. From near Bowlder City 
southward through Golden City to where the South Platte debouches 
from the mountains is almost a continuous line of openings, among 
which are the Marshall and Murphy mines, probably as well known as 
any coal-mines- in Colorado. Though at the north the beds dip gently 
to the east, throughout nearly all the remainder of this line they stand 
nearly vertical, and in places are thrown over beyond the vertical. To 

. the north, along the zone of ·hog-backs, this horizon would probably be 
found lying a little above the Cretaceous beds, and it has, I understand, 
been opened near both of the Thompson Creeks, but so far the demand 
in this northern region has not required an active search for coal. 
. Instead of to the north, the main openings have been developed to 
the northeast of Bowlder City, reaching to Platteville near old Fort 
Saint Vrain. Of these, the Erie and Baker mines are the most prom
inent. Whether belonging to the same or to a higher horizon in the 
lignitic group than the former coal-openings, is not yet ascertained with 
certainty. 

The best known coal-openings, then, may be considered as arranging 
themselves along a line running from Platteville southwestward to near 
Bowlder City, and then turning southward along the base of the mount
ains to the South Platte. It is near the middle of this zone that the 
best and thickest development of the coal seems to occur. Besides 
these openings, excepting a few poor indications of coal at scattered 
places, the only others that I have heard of lie from fifteen to seventeen 
miles east of Denver City, and near the Box Elder station on the · 
Kansas Pacific Railroad. 

In describing what is known of the occurrence of coal at the various 
points indicated, I will speak first of this eastern group, and then, com
mencing at the north, follow southward, along the line of openings before 
spoken of to the South Platte. The information is gathered mostly from 
the reports of Hodge, Hayden, and Lesquereux, supplemented by much 
material given me by Mr. Berthoud. It is to be understood that in 
speaking of" mines,'' such extensive openings as characterize the east
ern coal regions are by .no means intended. As yet t,he demand for coal 
has been but small, and in nearly all cases the mining has been crude in 
method and small in extent, though the time is at hand when both its 
improvement an~ enlargement will be very great. 

THE VARIOUS COAL-OPENINGS. 

East of Denver, in township 4 south, and probably between ranges 
65 and 66 west, a shaft has been sunk for some depth in fl high bank 
on the south side of Sand Creek, but is now abandoned. Tbe coal also 
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outcrops on the bank; and there appears as of a very poor quality. · 
Fossil-leaves are abundant. 

It was near here that the ~rst discoveries of coal were made in Colo
rado, and the stream at thi.s' oint is often known as Coal C~eek, th?ugh 
called Sand Creek farther d wn. The latter name should be retamed1 
to prevent confusion between this and the better known Coal Creek on 
the west side of the Platte. 

About four miles to the no~h, near Box Elder on the Kansas Pacific 
road, in range 65 west, town hip 3 south, section 28, (1) and probably · 
in the same horizon as the la t, are two shafts which reach coal, and on 
which work has beendonenowand then for some years. It is probably 
in one of these three shafts t pat the following section. was made by Mr. 
E. B. Mally, (quoted by Lesq ~ereux in Hayden's report for 1872,p. 327,) 
and which serves to give an iktea of the strata near here: 

Section of st1·ata in shajtj'purteen miles east of Denver.-E. B. Mally. 

No. N a ure of strata. Thickness. 

Feet. in. 
Top. 

1 Slaty clay ........................................................ . 
2 Sl:!.nd ............................................................. . 

16 0 
18 0 

3 Yellow clay .................................... -~ ..•.•............ 5 0 
4 Light-blue se~apstone ............................................. . 6 0 
5 Brown soapstone ................................................. . 2 0 
6 Soapstone and clay ..•............•...••........................... 
7 Drab soapstone .................................................. .. 

13 0 
14 0 

8 Dark-brown soapstone ....•......•....•........•...•............... 2 0 
9 Black slate, with veins of coaL .................................... . 5 6 

10 Coal, wet and smutty ............................................... . 
11 Coal, better ... . • .•............................•....... - .. - - · · · · · · · ·IJ 
12 Black-clay parting ...••••. _ . . . . • . . . . . . .....•.•..•................. 
13 Coal .••...................................•....................... 

4 0 
3 0 

4 
1 0 

14 Soapstone, blue, brown, and black ................................ .. 
15 Hard sand-rock ...... -~ .. " ........................................ . 

24 7 
1 4 

16 Spotted sand-rock ................................................ . 12 0 
17 Very hard sand-rock ............................................••. 5 0 
18 Soft sandy clay ........ · ........................................... . 9 6 

Bottom. 

Total ...................................................... . 142 3 

The work was abandoned on account of the poor quality of the coal. 
Professor Lesquereux thinks that the section indicates the horizon of 
the bed as being at the t·op of the great lignitic or fucoidal sandstone 
under the series of beds of clay and soapstone, as at the Raton 1\iount
ains. 

Platteville, range 66 west, township 3 north, sections 17, 18, 19, 20; 
coal in small veins, now owned by the Saint Vrain Coal Company. 

McKissack, range 67 west, township 2 north, sections 18, 19 ; coal 
in bed or beds some 10 feet thick, now coking, crumbling, and with but 
little sulphur, as usual. 

Erie mine, range 68 west, township 1 north, sect· ons 7 and 8, c~lled 
also the Briggs mine. This opening, which is one of the larger ones, 
is on the west side of a hill facing Ooal Creek, the opening being down 
the gentle slope of the bed east-northeast into the hill. 

In 1870 the main adit had been driv~n 500 feet, with galleries on 
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either side, no provision being required on account of water. The coal 
is glistening black, breaking in rectangular blocRs, and uccurs in 
an upper bed of 8! to 8! feet thick, and a lower one of 3 to 32- feet, sep
arated by a slate parting of 1! feet. The property is owned by the 
Kansas Pacific Road, and it is connected by railroad with Hughes, on 
the Denver Pacific. In 1872 the amount frequently taken out daily 
was 200 tons. For analysis see Table .A, No. 19. 

In passing up the eastern banks of Coal Creek from the Erie mine, 
we :first pass the Eulner coal-bank, and in about four miles reach the 
Baker or Douglass coal-bed, range 67 west, township 1 south, sec
tion 6. 

The Erie coal horizon has meanwhile risen higher and higher on the 
hills, and at the Baker mine appears some 200 feet above the outcrops then 
worked. The bed is 4~ or 5 feet thick, dipping at a low angle eastward 
into the hill, and produces a "coal very different in appearance from that 
of the other mines. .A part is a dull jet-black, hard and brittle, break
ing in cuboidal fragments, and streaks of this cannel-like character are 
seen in the more brilliant varieties that are also found. Iron pyrites in 
extremely thin disks, and resin also, are noticed in this coal. Two ox 
three other small beds appear in the bank of the creek, and in the £late8 
or shales over them are courses of kidney ore." (Hodge. See analysis 
18, table A.) 

Davidson's opening, range 69 west, township 1 south, section 6. This 
coa1, which was found in 1869 near the summit of the high ground lying 
about six miles west of the Baker mine, is about 3~ feet thick, and 
probably lies far above the main coal-horizon . 

.Alan opening, range 70 west, township 1 south, section 1:1, northeast 
corner of the northwest corner. 

Barber opening~ range 70 west, township 1 south, section 15, north
east corner of the southeast corner. 

Marshall mi!1e, range 70 west, township ~ south, section 16, northeast 
corner of southeast corner, on the east side of the valley of .the South 
Bowlder Creek, about .five miles southeast of Bowlder City, and twenty
two or twenty-three miles north-northwest of Denver. This mine 
was among the earliest worked in Colorado. It was in operation in 1863, 
has been worked with no material interruption since, and stands among 
the best mines of the Territory . . Eleven seams of coal are said to be 
recognized here, amounting in all to a thickness of 63 feet in a thickness 
of beds of 500 or 600 feet. Several of these have been opened and 
worked, the principal one of which is the lowest in the formation. This 
bed is nearly horizontal, dipping easterly but 8°, and having an east 
and west vertical cleavage. It is worked to a thickness of from 10 to 12 
feet, through the whole of which the coal is remarkably free from slate 
and other impurities. It contains very little pyrites in thin disks, and 
some resin in small particles. In the mine the freshly-exposed face pre
sents a beautifully brilliant appearance, and the coal is so found that a 
cubic block of it, said to weigh over three tons, was taken out for exhi
bition at the fair at Denver. In 1870, according to Hodge, the two par
allel headings or levels by which this bed is worked had penetrated to a 
distance of 600 feet, being driven in from the north side of the hill, and 
rising a little up the slope of the bed. FroiD: there rooms are worked on 
either side, but chiefly up the slope. In the other direction, the bed 
passes under a meadow where the coal will have to be worked and 
drained by means of vertical shafts. This bed was then mined for $1.25 
per ton, besides cost of props and keeping the track, &c., in good 
condition. In 1869 the average amount mined per day was 50 tons ; in 
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1872, but 25 tons. The coal is used very generally by blacksmiths, who 
have overcome the difficulty they formerly experienced in not being able 
to get up a welding-heat with it. 

A bed 7 feet in thickness, and lying somewhat above the main bed, 
was formerly mined through a shaft 50 feet deep, while, lying still above, 
a three-foot bed, capped with fire-clay, was followed for 60 or 70 feet down 
its gentle eastern slope into the hill. Still higher, a bed known as the 
Dabney bed is said to be 9 feet thick, and, when worked, furnished coal 
of a superior quality, especially for blacksmiths' use. Several other beds 
have also been opened to a sman extent. . 

I append a section of the neighboring beds made by Dr. Hayden in 
1867 and 1869: 

Section of the lignitic beds at the Marshall rmine, Oolorallo.-Dr. F. V. 
Hayde·n, 1869. 

48. Drab clay with iron ore along the top of the ridge. 
47. Sandstone. 
46. Drab clay and iron ore. 
45. Coal, (No. 11,) no development. 
44. Drab clay. 
43. Sandstone, 15 to 20 feet. 
42. Drab clay and iron ore. 
41. Coal, (No. 10,) no development. 
40. Yellowish-drab clay, 4 feet. 
39. Sandstone, 20 feet. 
38. Drab clay full of the finest quality of iron ore, 15 feet. 
37. Thin layer of sandstone. 
36. Coal, (No. 9,) nearly vertical where it has been worked, 12 feet. 
35. Arenaceous clay, 2 feet. 
34. Drab clay, 3 feet. 
33. Sandstone, 5 feet; then a heavy seam of iron ore; then 3 feet of 

drab clay; then 5 feet sandstone. 
32. Coal, (No. 8,) 4 feet. 
31. Drab clay. 
30. Sandstone, 25 to 40 feet. 
29. Drab clay, 6 feet. 
28. Coal, (No. 7,) 6 feet. 
27. Drab clay, 5 feet. 
26. I 

0
• j Sandstcne with a seam of clay, 12 to 18 inches, intercalated, 

I t- 25 feet. · 
~ . 

25. ~ ~ Drab clay, 4 feet. 
24. I .!:< I Coal, (No. 6,) in two seams, 4} feet. 
23.) A l._ Drab clay, ·3 to 4 feet. 
22. Yellowish, fine-grained sandstone in thin, loose layers, with plants, 

5 to 10 feet. 
21. ~ 2b ~Drab clay,. excellent iron-ore.~ 
20. o; Coal, (No. 5,) 7 feet. 15 feet. 
19. A Drab clay. • 
18. Sandstone, dip 11°. This sandstone has a reddish tinge, and is 

less. massive than 14. · 
17. Drab clay. ~ 
16. Coal, (No. 4.) 20 feet; obscure. 
15. Drab clay. 
14. Sandstone, massive, 60 feet. 
13. Drab clay. 
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12. Sandstone. 
11. Drab clay. 
10. Coal, (No. 3.) , 

9. Drab clay. 
8. Sandstone, 25 feet. 
7. Drab clay. 
6. Coal, (No. 2,) 8 feet. 
5. Drab clay. 
4. Sandstone, about 25 feet. , 
3. Drab, fire-clay, 4 feet. 
2. Coal, (No. 1,) 11 to 14 feet. 
1. Sandstone. 

"In bed No_. 22 there are three layers of 'sandstone, which contain a 
great variety of impressions of leaves. Below coal-bed No. 6 there is a 
bed of drab clay, 7 feet thick, with a coal-seam at the outcrop, 3 f~et 
thick; but the coal appears to give out or pass into clay as the bank is 
entered, so that there are 10 feet of clay above coal-bed No.6. Much of 
the iron-ore is full of the impressions of leaves in fragments, stems, grass, ~ 
&c. The ore is mostly concretionary, but sometimes it is so continuous 
as to give the idea of a permanent bed. Above coal-bed 5 tl;lere is a 
seam of iron, with oyster-shells, apparently Ostrea s~tbtrigonalis." 

Professor Lesquereux estimates, .allowing for wastage, &c., that 
90,000,000 tons of lignitic coal are probably obtainable from beneath 
twenty-five square miles of the Bowlder Valley region. In arriving at 
this amount, he considers the total thickness of coal obtained over this 
area as being only 9 feet. For analysis see Table A, Nos. 16, 17. 

Fullerton bank ; range 70 west, township 1 south, section 21. 
Coal Creek openings: range 70 west, township 1 south, section 33. 

These are about three miles south of the Marshall and Fullerton mines, 
and are separated from th~m by a plateau twelve to :fifteen hundred feet 
high. They were first opened in 1860, when a drift of 150 feet was driven. 
The bed opened probably corresponds with the sixth coal-bed, or bed No. 
23, of the Marshall-mine section, and was here 7 feet thick. Six other 
beds have also b'een found, all dipping eastward at an angle of about 43°, 
but steepening in dips to 680 north of the stream. Underneath the 
third bed is a layer of excellent :fire-clay, 6 or 7 feet thick, having in it 
nodules_ of iron-ore containing impressions of leaves of deciduous trees. 
The bed that was opened had but little clay on either side between it 
and the usually inclosing sandstones, while above the upper sandstone 
is another bed of coal and more fire-clay. "Above the coal the clay isl 
very irregular, sometimes thinning out entirely, so that the sandstone 
comes directly upon it." All the· beds of coal are so badly crushed to· 
,gether that they are rendered somewhat obscure. 

Frolll Coal Creek the sandstone ledge above the coal can be easily :.-
traced south about four and one-half miles over a broad and highly ele
vated plateau to the Leiden mine; range 70 west, township 2 south, 
section 28. . 

The bed here appears on the western side of a sandstone-ridge, and is 
bent over slightly beyond the vertical, and appears. dipping at a high 
angle toward the mountains. The owner in September, 1870, lost his 
life by entering the mine when the air was foul in consequenc~ of its 
having been left unworked for some time. · 

Following on still south about a mile, we come to the Murphy 
mine: range 70 west, township 2 south, section 33, on Ralston Creek; 
about :five miles north of Golden City, and but twelve or thirteen 
miles from Denver, with which it will shortly be directly connected ,.bY 
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railway. This mine ranks with the :Marshall, Erie, and Golden mines in 
importance, and the same number of seams of coal are claimed to have 
been found here as at Marshall's, namely, eleven, but here all standing 
nearly vertical. Of these the lowest, or westernmost, was first opened in 
the south bank of Ralston Creek to a distance of about 30 feet, and found 
to be 9 feet thick of good coal. The bed next above, however, or about 
25 feet to the east, being more conveniently situated and thicker, was 
worked in preference. A shaft was sunk in this ·bed on the north side 
of the stream to a depth of 60 feet, and levels run either way, since 
when the shaft has been farther sunk to a total depth of 112 feet. 
Where worked, the course of the vein iA south 230 east, magnetic dip 
vertical, and thickness varying from 14: to 18 feet, averaging 16 feet, of 
brilliantly lustrous-cleaving coal, without parting of any kind, and free 
from slates. For analyses see Nos. 11 to 14: in Table A. 

In 1870 mining cost $1.50 per ton, coal run out by the miners, who 
found their own powder, lights, and tools, the owner getting the timber 
from the mountains ; coal was then $4: per ton a.t the mine. Eighteen 
thousand tons of coal had been taken out up to 1872. For the greater 
part of 1873, thirty-two tons per day were extracted, the. working capacity 

-being probably one hundred ·tons per day. On the west side of the 
bed 4 feet of fire-clay are found suitable for pottery and fire-bricks, and 
a similar bed 8 to 10 feet thick is found on the east side. Above and 
below these the usual yellow sandstones occur. Limonite, or bog-iron 
ore, is found near by to some extent. · 

Loveland mine: range 70west, township 3 south, section 4, near south 
line; strike north and south; magnetic dip 70o or 800 west; vein 9 feet 
thick ; no parting. · 

Golden City .Mincs.-In going south from the Loveland bank, the 
course of the coal formation is irregular, bending in westward behind 
North Table lVIountain, and not showing well upon the surface. Here 
the l\iineral Land Company owns the veins. The first opening is on 
section 16, township 3 south, range 70 west, where a 2-footvein has been 
found. The line of the vertical beds is but poorly indicated by the 
streaks of coal-smut or blossom. In one instance, about two miles north 
of Clear Creek, these were followed to a depth of 70 feet through fire
clay before they led to solid coal, which was there found to be 10 feet 
thick. Passing to the south bank of Clear Creek, we come to the Golden 
City mines proper. These were first discovered in 1861-'62, and have 
been worked continuously since 1865. 

Several small and nearly vertical beds quite near together were first found 
in the steep bank of Clear Creek, about h3,lf a mile below where it issues 
from its 'nountain canon. The place was unfavorable for working, and 
the extension of one of the beds southward was opened on the summit 
of the ridge about a quarter of a mile from- the creek. The bed here 
was found to be 10 to 14 feet thick, and a shaft 100 feet deep was sunk 
in it, levels being driven north and south from the bottom, and also at 
a depth of 56 feet. The course of the vein is south 530 east, with dip 
varying from 720 to 650 southwest. The bed proved to be quite irreg
uhtr in thickness, sometimes pinching to a few inches in thickness, and 
then winding to 8 or 10 feet. Dr. Hodge considers its average thick
ness as being about 5 feet. He says also that the appearance of the 
coal itself, which is of a dull black, without the bright luster common to the 
coals from the other mines, has operated unfavorably on its reputation 
in the Denver market, though no inferiority of quality is indicated by 
the analyses. (See Table A, analyses 7 to 10.) It is obtained, too, in 
pieces of very irregular shape, quite unlike the hands~me rectangular 
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blocks of the other coals. Like them, however, it is ~.lmost entirely 
free from slate and iron pyrites. Resin occuxs in it in scattered particles 
and bunches more abundantly than in the coals of the other mines. In 
1872 the vein was wt>rked from three openings, and up to that time 
about 8,000 tons of coal had been mined, the average amount being about 
thirty tons per day. 

A cross-cut from the bottom of the mine driven 70 feet east, gave 
the following section, the east or upper end being at the top of the sec
tion: 

No. I Nature of strata. . Thickness, 
in feet. 

- , East end, highest, geologically: 
15 Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
14 Coal.............................................................. 2 
13 Cla.y ............................ _ ..... _. . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
12 Coal ) ................... _ ....• _. . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . 2 
11 Clay .. _ .... _ .... __ . __ . _ . ____ . _ .. _____ .. _ .....••. ~ ...•....... _ ...... · 2 
10 Sandstone . _ . • • . . • • • • . . . . . . . . • . • • . . . . . . . . . . • . . . . . . • . . • . . . . . . . • • . . . . 3 
9 Clay ...•......•.•••........•.•.....•..•..•.••••. ~... . . . . . . . . . . . . . . 4 
8 Black slate...... . . . . . . . • • . • . . . . . . . . . . . . • . . • • • . . . . . . . . . . . . . . . . . . . . . 3 
7 Clay .. __ ............... _ ........••..••.....•... _. . . . . . . . . • . . . . . . . . 8 
6 Sandstone ..•.....•.... _ . _ •.. _ . . • . . . . • . . . . . . . . . . • . . . . . • . . . . . . . . . . . . 7 
5 Clay ....... _ ..................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
4 Sandstone......................................................... 12 
3 Coal ...• _ ........... __ . _ . _. _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2' 
2 Sandstone.~....................................................... 4 
1 I Clay, (west end, lowest, geologica1ly) ............................... ___ 4 

Main coal bed, total. ....................... -~ .................. --.. 70 

The eastern sandstone (No. 15) is probably the extension below of a 
heavy ledge of sandstone, that forms the crust of the ridge. The clay 
is all fire-clay, of pretty uniform and excellent quality. very similar in 
appearance to that of the true coal-measures. It is used for the manu
facture of fire-brick in an extensive manufactory at the base of the hill. 
Dr. Hayden observed near by the following outcrop of the lower lig
nite beds: 

East, highest. 
Rusty yellow sandstone. 
Fire-clay, with one or two unimportant seams of coal, 10 to 15 feet. 
Coal, 8 feet. 
Fire-clay. 
Rusty yellow soft sandstone. 

West, lowest. , 
The clay is used for fire-brick and potter's ware. In the upper bed of 

sandst,one impressionsofleaves of deciduous trees are found, among them 
a, Platanus. In the southern extension of the Golden City beds we pass 
several openings, one of whkh is a shaft 70 feet deep, showing the 
nearly vertical bed to be 5 to 11, and even 14, feet., thick of good coal. 

Johnson mine: range 70 west, township 4 south, section 3, shows a ' 
bed of coal 7 to 9 feet thick, which is mined from a shaft 90 feet deep. 

Welch and Loveland mine: range ?0 west, township 4 south, section 
3, about a quarter of a mile only so,uth of the Johnson bank; course, 
south 500 east to south 480 east; dip; 71o southwest. A drift having a 
course of north 340 east furnished Mr. Berthoud with the following sec
tion: 
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N 
I 

'iTllickness, 
o. Nature of st rata. in feet. 

- . 1---

~~ I ~~:~,ro~;: ~~d- ~i~Y :::::: ~~~': <~;~~~~~~~~):: :::: :::::::: ::::::::::: I 

10 I Coal,No. 4 ....................... ----·----·· · ·-·------ - ----------
9 Sandstones .......................... . ......... . ................. - -
8 Fire-clay ................................. . ....................... . 
7 Coal, No. 3 .................... . ........... . ........... ........... . 
6 Sandstones ...................................................... . 
5 }"'~ire-clay .......... . ...................................... : . ...... . 
4 Coal, No. 2 ................................... · .................... . 
~ Fire-clay ....... " . . . . . . . . . . . . . . . . . . . ............................. . 
2 Coal, No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . ............. . 
1 Shale and sand:::;tone ........ ~··········---················--· · ···--

5 
16 
1 
6-t 
3 
3 
6-t 
4 
2 
5 
3 
5 

Coal No.5 is mined by a shaft 15 feet in perpendicular depth at the 
end of the drift. · 

Wheeler mine; range 70 west, township 4 south, section 14. The bed 
bas a course of south 45° east, magnetic, and dip of 740; is 7 feet thick, 
and bas been worked to a depth of 40 feet, furnishing coal not of very 
good quality. · 

Rowe mine; range 70 west, township 4 south, section 23. The course 
of the bed is here south 48° east, and dip nearly-vertical where mined, 
though it is 70° east near by. The coal is 4 to 6 feet thick, and is the 
lowest of several coal-beds .near by. Dr. Hayden gives the following 
section: Top, arenaceous clay, 3~ feet; coal, 4 feet; clay, 3~ feet; coal, 4 
feet; clay, 5 feet, base. The coal is reached by passing 141 feet through 
sandstone. Its ash is white, like pine-wood ashes, and small in quantity. 
Up to 1868, 250 tons of coal had been taken out, but in 1872 the mine 
was idle for want of good communication. 

Mann opening; range 70 west, towm;hip 4 south, section 24. 
Wilson mine; range 69 west, township 4 south, sections 31 and 32; 

course, south 500 east, magnetic ; not mined now. · 
Gilpin (or Wenrich) mine; range 69 west, township 5 south, section 9. 
Jones mine; range 69 west, township 5 south, section 35. 
A little farther south coal was opened near the Platte in 1866. It 

occurred in two beds, in all about 5 feet thick, separated by about 2 
feet of clay, and not of very good quality. On the opposite (south) side 
of the Platte, in the continuation of the same line of outcrops, coal has 
also been opened, and a considerable quantity used in Denver. 

I1·on.-.:Iron concretions occur here and there scattered through the 
clays and shales of the lignitic formation at certain points, usually in 
the coal horizons, and may be so continuous as to give the idea of a per
manent bed. By the weathering away of the inclosing rock, as the 
degradation of the surface by erosion goes on, these concretions some
t imes accumulate in sufficient quantities to appear as solid ledges of ore. 
In the South Boulder Valley these accumulations cover quite large areas. 
'rhese nodular masses are of limonite, more commonly known as brown 
hematite, or brown iron-ore, and probably originally existed in the beds 
in which t hey occurred as clay, iron, stone. They vary from an ounce 
to a ton or more in weight, and on breaking them open they are often 
found to have a regular concentric structure, like the layers of an agate, 
the layers perhaps varying in color from brown . to yellow, while many 
of the nodules are full of impressions of leaves in fragments, stems, 
grasses, &c. From the vicinity of the l\1 arshall mines, on South Boulder 
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Creek, Mr. Marshall has gathered and taken out more than 500 tons of 
this ore. In smelting it in a small blast-furnace, with pure charcoal 
from the mount~tins, the following mixture was used: Ore, 200 pounds; 
limestone, 20 pounds; charcoal, 13 to 15 pounds. Smelted in this way, 
4,400 pounds of ore-produced one ton of a very excellent quality of gray 
pig-iron. 

POST -LIGNI TIC FOR~f.A.TIONS. · 

In the lignitic we have the uppermost of those sedimentary formations 
which participated in the folding and upturning of the rocks along the 
mountain front,_ while it is also the last extended formation with which 
we have to deal east of the mountains. The remnants of but one group 
of sedimentary rocks is here found which is more recent than the lig
nitic, and that is quite subordinate both in extent and importance. 
Opportunity was not had to study it particularly, but .the impressions 
received from what was seen of it will be briefly stated. These beds . 
usually consist of gravels, often exceedingly coarse, which are derived 
principally from the archrean rocks of the mountains, and consist mostly 
of hard quartzite, schist, and granite debris. They always lie nearly or 
quite horizontal, . apparently entirely undisturbed, frequently nearly 
cover the upturned edges of the older folded-strata, occasionally a.Imost 
lapping over them on to the metamorphic rocks of the mountain spurs, 
and stret~h eastward into the pla,ins in well-marked terraces. Their 
thickest Clevelopment is naturally nearest the mountains from which 
they were.derived, though they probably nowhere reach a thickness of 
500 feet, perhaps not half that amount. The main cross-valleys nearly 
always cut through them to the lignitic or cretaceous beds beneath, 
though the latter are generally concealed by debris or alluvium of the 
streams. They seldom completely cover the highest portions of those 
ridges capped by Cretaceous No. 1, and, at the north, where the zone of 
hog-backs is wide and these ridges lie some distance from the mountains, 
the gravels are forced out eastward equally far. From the gently-slop
ing tops of No. 1 or No. 3 they here extend eastward for several miles as 
low terraces, as near the Thompson and Saint Vrain Creeks. Near the 
latter some yellow marl occurs above the gravels, the latter being cement
.ed largely with oxide of iron. The benches or terraces here seldom 
reach an altitude of more than 200 or 300 feet above the streams, often 
break off quite abruptly at their entls, with occasional outlying "table
mountains," lower terraces showing here and there, while the main ter
race is in places separated from the hog-back ridges at the west by a 
small north and south valley. Between Left-Hand and Boulder Creeks 
a large area has been removed, leaving a shallow, fertile valley. In 
proceeding southward the lower folded beds, assuming a steeper eastern 
dip, occupy a much narrower zone than at the north, and the terraces, 
likewise, lie close up under the mountain-spurs and reach greater alti
tudes. They have, perhaps, a typical development between the North 
and South Boulder Creeks. It is here that the Triassic sandstones rise 
to their · greatest height in the formidable ridge cut midway by Bear 
Canon. Passing from tile sandstones over hardly more than 2,000 feet 
of outcroppjng Jurassic and lower Cretaceous beds, we pass directly 
from No. 3 upon the high gravel terrace. Boulders of the red sand
stone, over 10 feet in diameter, may here be seen, and the mass through
out is of exceedingly coarse material, in which sandstone boulders pre
dominate. For a quarter of a mile outward the inclination of the surface 
is about 5o, gradually becoming flatter, until, in less than a mil~, the 
abrupt slope is reached which descends to the vaUey of the South Boul-
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der, lying some 800 feet below. Opposite rise the high flat-topped hills, 
composed mostly of the nearly borizontallignitic strata, with the l\1ar
shall and other mines upon their sides, but capped with the same gravel 
deposits. · · . 

8outh of the Boulder Creeks to Coal Creek the long sweeps of high 
gravel terraces are quite continuous, and reach quite up to the higher 
slopes. Then they again diminish in altitude. From North Table Mount
ain, near Golden City, they may be seen at the north extending in two 
or three terraces from the higher hog-backs far eastward to near the 
Junction of Clear Creek with the South Platte, a few miles below Denver. 
Near this point several prominent, outlyers occur, rising a few hundred 
feet above the river, and capped with from a few to 50 or 60 feet of 
siliceous gravel. Even to the east of the Platte a few remnants are 
found still retaining their cap of archrean debris, chroniclers not only of 
the former wide extent of the bed, but of the great amount of erosion 
which bas taken place since it was deposited. Oyer a great deal of this 
region patches of debris from this bed may be found, the remains after 
the weathering away of the soft subjacent strata. Farther south, from 
near Be~r Creek to the Platte, the terraces are again lower, and much . 
like those at the far north. . 

It is here hardly necessary to refer to the latest of all the geological 
formations, and ·that progressing at the present time, the alluvium 
which has accumulated in places along all the larger streants of the 

. plains. In places spreading out in considerable are:;ts, it forms, both on 
account of natural fertility and ease of irrigation, (which has here to be 
resorted to,) some of the best agr]culturallands in the Territory. Oth
erwise it is ofno special interest, being apparently like most local river 
alluviums. 

1'HE ERUPTIVE ROCKS OF THE PLAINS. 

The eruptive rocks east of the mountains are exceedingly limited in 
extent, and would barely attract any attention but for the fact that 
they occur in the midst of thickly-settled regions. The only points at 
which they are known are at Valmont, situated at the junction of the 
North and South Boulder Creeks, and near Golden City. At the latter 
place are the two well-known table-mountains which form such con
spicuous objects in the foreground of the high range when viewed from 
the east. The accompanying sketch (Fig. 5) by l\1r. Holmes gives their 
appearance as viewed from Bear Creek Station, a high point on the 
very border of the mountains overlooking the plains, and about six 
miles south of Golden City. The characteristic appearance of the plains 
to the eastward is also well given. The table-mountains are separated 
from the granite mountains by a valley about a mile in width, in which 
Golden is situated, and stand one on either side of the gorge through 
which Clear Creek flows after debouching from the mountains. The 
railroad now passes through this gorge and on up the canon of Clear 
Creek to the mining regions. These two hills, which are irregular in 
shape, with diameters but little over a mile in any direction, are formed 
below of the horizontal strata of the lignitic group, capped by layers of 
basaltic lava. The northern table stands the highest, reaching some 
900 feet above Clear Creek, and 700 or 800 above the surrounding valley. 
The tops of both are nearly in the same plane, which dips gently to the 
south and east at an angle of about two or three degrees. The source 
of this lava is from beneath North Table l\1ountain, on the summit of 
which, and near the northwest corner, the remnants of a group of small 
volcanic cones may still be seen; weather-beaten, and nearly worn away, 

9Gs , 
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they still suffice to show from whence the lava came. From near this 
point the lava flowed toward the then lowest portions of the country, 
and, in virtue of its hardness, formed a protective cap to the softer beds 
beneath, which could withstand erosion better than the surrounding 
unprotected hills. The latter have, therefore, wasted away the faster, 
and the former valley has become the mountain. The thin edges of the 
lava-sheets have also been gradually worked backward, and broken 
away, and the limits of the tables are constantly becoming more and 
more circumscribed. 

The more compact varieties of the lava vary from brown to black in 
color, and from a very compact to a fine-grained texture, being rather 
dull in luster, (basalt.) In this as a matrix there may or may not be 
porphyretically imbedded numerous black and well-formed crystals 
of augite, giving a doleritic character to the basalt, while yeJlow decom
posing spots of an undetermined mineral, probably olivine, are often 
present. These varieti~s are columnar. in structure. Very vesicular or 
scoriaceous lava also occurs, as well as amygdaloidal material. At one 
point the latter had a light gray or purplish base, granular, with im
pedded augite crystals, the numerous irregular cavities beiD:g :filled 
with zeolitic minerals. Chabazite, leucite, natrotile, and others are said 
to occur. 

Near the north end of the north mountain the edges of several of the 
harder 1§\ra-flows show well as lines of cliff's or palisades running along 
the bill-side, separated by the slopes of softer rock between. A sec-
tion was here observed as follows: • 

F eet. -
Cliff at top;-Dark columnar doleritic basalt .. __ ... _ ............ - · 40 
SZope.--'Scoriaceous basalt and amygdaloidal dolerite ....... _ - . . . . 30 
Palisade.-Uolumnar basalt . . . . . . .... .. ... - .......... - .. - ..... - 60 
Slope.--.-Debris of scoria and volcanic san<l ....... _ ... _ ... ___ - . . . . 100 
Palisade.-Columnar basalt ............................. _ . __ . . . 30 
Slope.-Covered to base. 

These lava-flow~ are not widely continuous, some extending much 
farther than others. The northern end of South Table Mountain rises 
about 600 feet above Clear Creek, the volcanic products reaching an 
average thickness of about 125 feet. Immediately below the lava the . 
lignitic beds at several points yield many fossil-leaves. Besides the two 
tables, and extending from near them in a line trending a litple west of 
north to the bend of Ralston Creek, near ·the 1\Iurphy mine, are four 
rounded buttes topped with the same lava; whether an extension of 
the dike through which the lava has been erupted, or remnants of a 
lava stream from the North Table, was not ascertained, though it is ap
parently the latter. 

Green Mountain, or 1\iotint Hendricks, is a bulky hill situated a few 
miles south of South Table Mountain, and, like it, isolated from the 
main range by the zone of hog-backs. Below it also is made up of lig
nitic strata, while a,bove occur large bowlder-beds of rolled volcanic , 
roclfs, showing, in its northeast side, that it is apparently an ext~nsion 
of the same lava that caps the South Table Mountain. 

Valmont.-The only remaining instance of the occurrence of volcanic 
rock east of the mountains is _ the dike at Valmont. This dike was 
examined by Dr. Hayden, and 'a description and illustration will be 
found in his report. Being within my district, however, I will mention 
it briefly, the facts being gathered from the notes of Dr. Hayden and 

·· Mr. Holmes. 
The . dike is vertical, and appears as a wall-like ridge rising abruptly 
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just east of the junction of the North and South Boulder Creeks, to a 
height of 275 or 300 feet. From this point the trend is very nearly 
northeast, and for a ·mile the points of the ridge all reach a height of · 
over 200 feet. In another mile it falls to .the plain and disappears. On 
the south side of the dike abuts a remnant of a graVel terrace. In a 
direction nearly west of the west end of the main dike, and near Boulder 
City, a small outcrop again shows itself above the plains. This wall of 
rock weathers in very square blocks. A specimen shows the lava to be 
a, doleritic basalt composed of a very hard crystalline base, much more 
crystalline than the golden laYa, of handsome dark gray color, in which 
a greenish transparent feldspar seems to predominate, and containing, 
porphyritically imbedded, numerous crystals of black augite. North of 
Valmont some miles, a conicq,l bill would seem to indicate the presence 
of another small dike. 

There is no reason why lava did not flow th•ough the vertical crevice 
or fracture which here broke across the sedimentary rocks, eventually 
giving form to the dike which we now see, and pour out over the · then 
higher surface of the country in sheets, as at the Table Mountains of 
Golden City. Destroy the fiat tops of the latter, as erosion is certain 
to do in time, and beneath them, at least of the North Table, a jac simile 
of the Valmont dik.e would probably be found. Indeed, above and near 
Valmont the old lava flows, which poured through the dike and flowed 
over the surface of the country, were first probably formed into table
mountains and then gradually worn away until erosion has entirely 
removed all evidences of them save the lava which remains as a dike iu 
t he crevice through which the earlier lava flowed. 

GENERAL STRUCTURAL FEATURES OF THE 1\fOUNT.AIN-BORDER RE· 
GION. 

It has been quite impossible in giving, in the preceding pages, the 
more special features of each formation, not to refer more or less to the 
manner in which the whole series of sedimentary rocks has been folded 
at different points along the face of the range. These general structural 
features, however, have so many points of interest attached to them that 
they deserve to be considered separately. 

On Plate II are gathered seventeen geological sections across this zone 
of folded strata. · They trend as nearly as possible at right angles to 
the outcropping beds, or approximately east and west, extend from the 
archrnan -rocks on the west across the more prominently exposed ledges 
of sedimentary rocks, and are arranged one below the. other in their · 
natural order from north to south, No. 1 being farthest north, No. 17 
farthest south. The map upon the plate covers the northern portion of 
this zone, and shows the positions of the first nine sections. The char- , 
acteristic topography of the region is given in contours, approximately 
200 feet apart vertically, and the geology is indicated as far as possible 
without the aid of colors and without obscuring the topography. Since 
the outcrops of Cretaceous No. 1 and the border of the a.rchrnan rocks 
here give the key to the general structure, they are indicated more promi
nently than the other formation. The positions of the remaining sec-
tions, from 10 to 17 inclusive,. are given on the map, showing the distri
bution of coal, &c. (Fig. 4.) Sections 1 to 9 are drawn on a scale of 
three-quarters of a mile, or 3,520 feet to one ·inch; sections 10 to 14 on 
a scale of 800 feet to one inch ; sections 15 to 17 on a scale of 1,600 to 
one inch ; the vertical scale in all cases being as nearly as possible the 
same as the horizontal. Sections 3 to 9 are arranged exactly north and 
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south of one another as they actually occur, while 1 and 2 are offset a 
few inches to the left. The latter, to be represented in their true relative 
position with respect to the others, therefore, should be considered 
moved about 5~ inches (representing 4.3 miles) to the right, as indicated 
by the points at which each section is intersected by the meridian of1050 
15' west longitude. · 

These sections are the result of rapid field-work, and can by no means 
claim to be free from local errors, though they express truthfully all the 
main features of the region. 

Thicknesses have in all cases been estimate<l or obtained by pacing, 
and many local points not well fixed by the topographer's notes have 
been filled in by the eye. 

In traveling from the north along the zone of hog-backs lying at the 
base of the mountains southward, the traveler finds the mountain-slope 
directly west of him falliytg lower and lower until it · becomes an insig
nificant ridge, and finally dies away in the plains. 

Passing around the southern end of the diminishing ridge the main 
mountain-slope is found lying several miles to the west, and separated 
from the ridge by a bay-like valley extending northward behind it. 
There are here several such offsets . or jogs in the mountain-border, 
cq.used by its component ridges being arranged en echelon, north and 
south of each other. The trend of these spurs is somewhat west of 
Iiorth, while their echelon arrangement is such that a line touching 
their southern ends trends east of north and west of south, with a flat 
concavity presented to the east. As is so often the case in the West, 
these peculiar topographical features are but . the surface expression of 
a similar and equally important geologic cause. These ridges, and the 
included valleys, indicate that here the folding of the rocks llave also 
taken place en echelon. The ridges are uplifted or anticlinal folds, the 
valleys depressed or synclinal folds, both dying away southward into 
the flatness of the plains, though the west side of the westernmost 
synclinal is always preserved in the normal uplift along the main 
mountain-base. With such a structure, and since the sedimentary rocks 
have been to a very great extent eroded from the summit of the ridges 
and worn down to a pretty uniform level, it is necessary that the out
cropping strata should be found bending around the southern ends of 
the spurs, their strike first swinging westward, that of the lower beds 
bending on still farther to the northwest to form the eastern side of 
shallowing synclinal basins, which finally terminate to t:he north, the 
reverse, in all respects, to the anticlinal ends, while the uppermost beds, 
those farther out, do not necessarily bend around into the synclinals, 
but after turning somewhat westward, again resume their southern 
course with ihe others.* 
~he most interesting feature of these folds, next to their general eche

lon arrangement, is the fact that in the anticlinals the western side of 
the fold is always more abrupt than the eastern side, and may become a 
fault, the downthrow being upon the western side. That is to say, the 
tendency of the forces forming the folds seems to have been to lift up 
the eastern side relatively to, and push it over against, the western side; 
and the expression of this tendency has been either an abrupt down
ward bend of the west side, or a direct downward faulting of the west 
side, or by both <;ombined. And along the same fold these three forms 
of arriving at the same result. are interchangeable. Indeed, the type of 
these anticlinals en echelon may be expressed thus: From the rather 

* These echelon ridges and folds were first observed, so far as I know, by Dr. Hayden 
in 1869, and partially described in his report for that year. 
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abrupt southern point of one the ridges of outcropping rock soon bend 
on the one side east of north, on the other to the west of north, inclos
ing between them the higher ridge of archman rock. The eastern side, 
however, dips gently eastward, frequently not over 20o, seldom reaching 
40°, while upon the west the same ridge often stands nearly or quite 
vertical, and, following it northward, the drag downward soon becomes 
quite sufficient to fault the bed also, while, farther on, the increasing 
fault may not upturn the beds upon its west side at all. Farther north;. 
after passing beyond the limits of the sedimentary rocks, the fault be
comes far more difficult to trace in the more structureless archman rocks .. 

. . The echelon folds and faults that occur within my district are shown. 
by the first nine sections of Plate II and the accompanying map. The· 
anticlinals are designated by_ the letters a., b, c, d, e, the same fold always 
having the same letter attached. Folds a and c are the two principal 
ones. 

Circling around the southern end of the high schist ridge ct, section 1, * 
and dipping away from it to the east, south, ·and west, are the edges of 
the Triassic red-beds which once mantled over it, but which erosion has 
removed and worn downward, leaving but two prominent ridges now 
projecting above the surface. Two or three miles to the east rises the 
abrupt .west face of the hog-back ridge formed of the variegated Juras
sic shales, capped by the bard sandstones of Cretaceous N o.l, all dipping 
gently to the east. The latter sandstones are here formed of two main 
layers, separated by about 100 feet of softer shales and sandstones. 

This double ridge trends from here nearl,y southwest to where the Big 
Thompson and Dry Creell::s join, when, turning very abruptly, it assumes 
a north west direction. At the point of turning the south ward dip of 
the lower sandstone of No. 1 is 20o, tlla.t of the upper being 50o. The 
outer beds likewise' swing a.round, but in curves of much larger radius, 
thougll they are much obscured by the soil and the gravel terraces. In 
its northwest course the double ridge stands vertical like two parallel 
stone walls, for about two miles, when it quite abruptly disappears, cov
ered either by the thick soil present or faulted below the surface. (See 
sections 1 and 2.) 

Along the west side of the valley the same becls again outcrop in their 
normal position upon the face of the granite ridge b, dipping east at a 
gentle angle, and, with a nearly southward strike, they may be followed 
nearly to the Little Thompson. When crossing Dry Creek No.1 has 
an east dip of 200, that of the overlying beds of No.2 and No. 3 in
creasing to 350 and 500 within a mile to the east. 

Before reaching the Little Thompson, however, No. 1 again steepens 
in dip, and the strike suddenly swings from south to west andnorthwe&t, 
inclosing a low anticlinal hill (b, section 5) of Jurassic beds, on the south
west side of which it appears standing nearly vertical. 

Following it north it shortly disappears, and, as _the Cretaceous shales 
now lie upon the west, both a fault and fold probably exist. (Section 
5.) Still farther north, at b, section 4, a ridge of quartzite makes its ap
pearance, indicating a decided increase of the fault. (Section 4.)t 

Again to the north the fault seems to be replaced by a simple fold, as 
in section 3, b. To the north of Dry Creek the high schist ridge b, sec-

* The details of this northern fold have been kindly furnished me by Mr. Holmes 
an<l Dr. Hayden. 

tThough the structure at this point wa,s at the time understood to be as given in 
section 4, and though the quartzite is lithologically the same as neighboring archrean 
quartzites, this ridge may still be a metamorphosed fragment of the 2omewhat similar 
Cretaceous No.1 broken down into the present position. 
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tion 2, rises in a long spur, the red-beds mantling round its southern 
end with a very low dip, while upon its western side small areas of the 
red-beds still ~em'lin, and, preserving an eastern dip, indicate a fault 
separating them from the main ridge. 

Returning southward we find west of the ridge b the same series again 
reclining at a gentle angle upon the next echelon ridge to the west, c. 
The hill c, section 4, is a very commanding point, rising some 2,000 feet 
above the adjacent creeks. 

Its uniform eastern slope descends to the long ridge of red-beds which 
runs uninterruptedly from Dry Creek to the Little Thompson, and dips 
eastward at an angle not far from 100. Ending as a ridge at the Little 
Thompson, the next ridge of red-beds to the south is found between the · 
Little Thompson and SaintVniin's Creeks, but offset some three miles 
to the west .with respect to the former ridge. 

In the Lower Little Thompson the ridge b does not exist as an anti
clinal at all, though its effect may be seen in the flatter dip of the beds. 
Proceeding up the stream an excellent section of the rocks may be ob
tained from Cretaceous No.3 downward to the Metamorphic rocks, the 
gravel terraces concealing all east of No.3. (Section 6.) . 

In passing through the ridge formed by No. 1, it is here seen to flatten 
and swing around westward to the south, on through the red-beds, 
which show a like tendency, when, at their base, a rugged ou~rop of 
archrenn quartzite presents itself, on which the red-beds rests, and on 
the west side of which their lower members are dragged abruptly down
ward, followed by a space of contorted strata wbich is fairly represented 
in section 6. ·rhe quartzite is the southern extremity of the long south
east spur of the ridge c. Continuing south war~ from this point, and after 
passing some of the contorted beds, No. 1 is found on either side gradu
ally closing to the south, with a fiat east dip and steep west dip, c, sec
tion 7. ·rhe trio sides join farther on, the bed becoming continuous, but 
again the ar.ea covered by No. 1 is broken open, and a small crescent
shape patch of the underlying.Jurassic is exposed on the summit of the 
hill c, section 8, lying midway between tlie Idttle Thompson and Saint 
Vrain's Ureeks. ~he steeper dip at this isolated point is upon the east. 
This is the last known indication southward of fold c. Taking it up 
again at the Little Thompson, section 6, and following it northward, we 
find upon the east side of the schist ridge, c, the long sandstone ridge 
before spoken of dipping gently east, while the -red-beds upon the west 
side of the sharp ridge, instead of being upturned upon it and dipping 
west, are faulted sharply downward, abutting directly against it. As 
the northern end of the valley rises, and erosion having removed the , 
beds at higher levels, the lower sedimentary rocks are_found forming a 
bay-like area·southwest of the high hill c, sec~ion 4, faulted against the 
schists at the east, and lying upon the schists on the west and north, 
(section 5.) 

Passing north around the steep west base of' the high hill c, an iso
lated sandstone area of similar structure is' found in Rattlesnake Park, 
(section 3.) It would here seem as if the fault bent from a northwest to 
a northeast course. Returning to the sandstone bay, west of ridge c, its 
lower red-beds are found mantling around the south end of the lower 
schist ridged, lying west of bill c, with a south dip of about 40°, when, 
turning southward, they form the high, western, most hog-back ridge 
between the Little Thompson and North Saint Vrain's. East of this 
ridge the same beds are folded into the rolling anticlinal d, section 7, 
which a few miles south is only apparent by the .flatness of No.1 on the 
south side of the Saint Vrain's, (sections 8 and 9, d.) The high promi· 
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nent butte just west of the junction of the two Saint Vrain Creeks is 
a southward continuation of tke ridge of red-beds to the north, and, at 
its western base, its lower beds are found faulted downward about 300 
feet, showing about 50 feet of granite at the base of the hill, section 8. 
This forms the minor echelon fault e. Upon the south side of the river 
canon it may be seen as an exceedingly gentle fold, and on stlll farther, 
where the red-beds lie at a very low angle rea,chingfar up upon the gentle 
mountain slope, it is still barely indicated, (section 9.) From here south
ward the pronounced multiple character of the fold ceases with the 
dying away of the fold e, though the influence of the various flexures 
may still be felt here and there in the plains in slight changes of dips. 
The gentle 'plications found at the Baker and Marshall mines may be the 
southern continuation of some of the folds at the north. 

From a. few miles south of Saint Vrain Creek the flatness of the dip 
gives the outcropping beds a wide zone of exposure upon the surface, 
the lower measures reaching farther west upon the long mountain-slope 
than at any other point. The dip, however, rapidly steepens in going 
south, causing. the zone of outcrops to contract within narrow limi~s, 
which is accomplished by the approach toward the mountains of the 
outer lines of ridges. At Left-Hand Creek they are gathered within 
quite a narrow space, the lower beds dipping eastward at an angle of 
200 or 30o. · 

From here southward to South Platte, this one line of upthrow is per
fectly continuous, and, though peculiar in its character, being something 
more than a mere simple upward fold, it is nowbere prominently 

. offset en echelon by another fold at the north, though the tendency is 
exhibited at a few points,. as at Bear Canon and Golden City. The gen
eral direction of this line is at first south, gradually swinging to about 
south 20° east, or about parallel with the echelon folds, of which, in 
reality, it may be considered as a very long one. Taken as a whole, the · 
general course of the line of outcropping hog-backs along the mountain 
front, as indicated by a line drawn tangent to the southern ends of the 
echelon folds at the north, and following the more connected line of out
crops at the south, presents a great cresent or arch-like form, with its 
flat concavity to the east; the span north and south being sixty miles, 
the ver-sine, or depression westward, at the middle, being about ten 
miles. The southern portion of the fold yet remains to be examined. 

North from Boulder City the lower red-beds appear in a low ridge, the 
western portions of which ·are thrown over a few degrees beyond the 
vertical, as in section 12, to be described later, the remaiping beds bein. g 
pretty effectually obscured by the gravel terraces. They probably quite 
abruptly assume a very gentle eastern dip, however. I 

At Bear Canon, as frequently noticed before, from beb.eath the high 
gravel terraces the full series, from Cretaceous No.3 dotnward, are aU 
fully exposed, dipping very regularly 500 to 550 eastwar~. But beyond 
the high ridge of hard· Triassic sandstone, and the gra~ite behind it; a 
second and higher·ridge appears. It is of the same sandstone, a fault 
separating the two, the down-throw being on the west side, as shown in 
section 10. The western ridge probably never stood so h1gh above its 
present position as to be in the same plane with the eastern sandstone 
as it now stands, being subsequently faulted down into its present posi
tion, but both were probably simultaneously tilted from the horizontal 
into their present positions by the one operation. 

Scarcely a mile south of this section, in South Boulder Peak, a portion 
{)f the western ridge has been caught in the faulting and bent abruptly 
upward, forming a sharp synclinal, as shown in section 11. Though 
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much metamorphism and obliteration of bedding has here naturally 
taken place, yet there is ·enough structure remaining to sho~ that the 
legs of the V make an angle of only about 70° degrees with one another. 
The erosion of the surrounding rock has left the south end of this V
.shaped mass almost as if perched upon a pedestal of granite. The main 
ridge, however, continues on past the deep cut of the South Boulder 
almost to Coal Creek, but gradually disappearing beneath the soil. 

Abreast of Bear ·canon, about three miles to the east, the outer series 
of rocks, as the lignitic with the coal horizons, all have a gentle eastern 
dip, but in coming southward of Coal Creek they approach the mount
ains and assume a nearly vertical position. Just .south of poal Cree'k 
Canon ~eqtion 12 occurs, (Plate II, as usual, and Fig. 4,) in which some 
of the red-beds lean beyond the :vertical, and appear as an eastern wall 
to the little vallev inclosed lJet,veen them and the hills of schist and 
granite upon the west. To the east they rapidly flatten, while within a 
half mile to the south the same beds, rising in a higher ridge upon the 
archman rocks near Ralston Creek, again show a flat dip. Within ex
ceedingly short distances, then, great changes of dip may occur, and 
from them, with but slight changes of exposure, unconformability might 
be inferred. Yet all ar~ perfectly conformable ; the sudden change 
really indicating only a very abrupt flexure in the main fold, as indicated 
by the dotted lines. To the east the formation again steepens, the coal 
horizons being found nearly vertical, .while still east the. higher beds 
again quite suddenly assume a flatter position, indicating just such 
another abrupt flexure as occurs here nearer the mountains, but not 
necessarily any more of an unconformability than here. 

A few miles north of Golden City (see Fig. 4) a very remarkable con
traction of the whole series commences, all the outer ridges bending 
rapidly westward to form a sort of loop or bay in the rear of the Table 
Mountains, and nearthenarrowestp,oint of which Golden City is situated. 
There has been some differing opinions expressed about the structure of 
this region, and a section here is one of the most important of the series. 
In absence of a complete or personal examination, a section drawn by 
permission from one made by M:r. E. L. :Oerthoud, is presented, (No. 
13.) Its general correctness may be assumed not only on account of the 
opportunities and ability of Mr. Berthoud, but from the evidence afforded 
by .the adjoining sections, between which and that at Golden there are 
many points in common. 

The c~ose prox·imity of the vertical coal-l:reds to the horizontal beds of 
Table J\'Iountain has been taken as indicating unconformability between 
the two, though in reality it no more follows from this fact than would 
unconformability in the Triassic from the similar phenomenon presented 
near Coal Creek. Indeed, the change of dip here is hardly as abrupt as at 
the latter point. An abrupt fold, as indicated in the other sect ions 
along the front of the range, with erosion removing those portions which 
by fracture, &c., are most likely to be removed, would naturally leaYe 
this portion of the section as it now appears, the lignitic being continu- · 
ous and conformable throughout. . 

One of the most interesting features presented in the Golden sect ion 
is the apparent thinness of the usual lower beds of the series. This 
may be caused by an actual thinning of the original deposits at this 
point, or by a fault which has pushed the higher portion of the series 
westward over the upturned edges of the lower portion, thus concealing 
much of the latter. That the former is not impossible follow s from the 
conditions naturally attending the laying down of new formations upon 
the newly-prepared, and hence uneven, surfaces of older rocks, and 
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becomes quite probable when one recollects the shelving or·overlapping 
which these strata present, or the similar meaning phenomenon of the 
appearance of the Carboniferous beds from below the Triassic at the 

•'north, as well as the great variations of thickness which occur just to 
the south. At the same time, some of the facts at hand indicate that a 
peculiar fault, depending on the nature of the sharp fold, and possibly 
connected with the lava near by, may have caused the present appear
ance. Enough is not yet known to decide with certainty which of these 
explanations is the true one, but it is hoped that a few hours' work dur
ing the coming season may clear up this interesting dyn.amical problem. 

A few miles farther south of Golden the formation again widens, 
though not so rapidly as north of the town, and near Mount Vernon it 
again pres~nts nearly the same section, (No. 14.) The lower dip of the 
lower beds growing steeper in passing over them eastward till the coal 
is reached standing nearly vertical, with the flat beds just beyond, in 
Green 1.\'lountain, gives the usual type of section hereabouts. Nearly 
the same order is preserved at Bear Creek, section 15. East of Creta
ceous No.1 nearly all is here covered, but a few exposures show the 
upper Cretaceous very nearly level. This space is followed by an out
crop of the coal horizon, standing nearly vertical, and surrounded by a 
gravel terrace. Beyond, the Lignitic beds again flatten. South, still 
the same general features appear. The lower sandstones at first occupy 
a widening zone, owing not only to a lessening dip, but also to an actual 
thickening of the beds. Near Bradford Hill, section 16, they extend 
quite a distance upon the schists, having a low dip at the west, (l50,) 
increasing eastward, (to 400,) and flattening again· in No.1 Cretaceous, 
(30°.) As the coal-measures farther out probably steepen, we have 
again the common type of fold, a larger fold which seems to carry 
upon it two minor ones, the upper a.nd western one with a rather large 
radius, the lower and eastern one more abrupt, often setting the beds 
beyond the vertical; the larger and main fold, as a whole, being con
cave upward; the minor folds upon it being convex upward. A large 
area of apparently subaqueous erosion is an interesting featti.re here. 
At the South Platte, section 17, the fold seems to-be in a simple curve, 
the dip of the lower red-beds peing nearly 700; of No.1, about 50°. 

The abrupt fold which is so constantly present along the outer part 
of the main upthrow in all the southern half of the district, is probably 
due to the crumpling which would naturally take place in the upper 
members of a thick series of rock 'vhen folded in a rather sharp curve 
whose concavity. is upward. South from the PlatJ;e the mountain fold 
passes on into the next district. While plication may occur in the 
plains, it must be to an exceedingly small extent, and wholly subordi
nateto ~he more profound fold found alqngthe mountain border, the main 
features of which have just been given. The detail and careful exami
nation of this fold would be rendered quite easy on account of the many 
cross-cutting streams, and the lessons in dynamical geology to be g~hered 
from it can be of scarcely less interest than the results from the careful 

· study of the historical geology of the region. 
Leaving the plains, the subject next in order is the geology of the 

mountains. 

CHAPTER III. 
THE METAMORPHIC CRYSTALLINE RQCKS OF THE MOUNTAINS. 

As was dwelt npon at length in the last chapter, the nearly flat sedi
mentary rocks which underlie the plains have an exceedingly well de-
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fined and continuous western border, along which their edges are found 
folded more or less abruply upward, thus forming the zone of uniclinal 
ridges or hog-backs which lie at the eastern base of the mountains. 
Along this well-defined line the occurrence of these rather simply com- "" 
posed and structured rocks abruptly ceases, and westward for many 
miles no sandstones, slates, or shales, or other comparatively little
changed and normal sedimentary rocks are to be found. An entirely 
different class of rocks take their place. First rising either abruptly 
or in great massive slopes for one to two thousand feet from beneath 
the lowest of the Triassic sandstones, they· form the first great eastern 
slope of the main range. This slope is not a.n unbroken north and south 
line, for all the streams from the range beyond cut great canon-gashes 
through it, emerging from which they break across the zone of upturned 
sedimentary ridges and thence out on to the plains. Moreover, between 
these greater canons, the ·races of the more continuom~ slopes are still 
cut and broken by almost an infinite number of lesser ravines and 
gulches which drain down tbe slope to the first longitudinal valley back 
to the inner sandstone-ridge, and thence north or south to the adjacent 
greater cross-cutting streams. Risingin this manner to a pretty gen
eral uniform level with higher mountain masses here and there, all cut 
by the canons into a rugged mountain country, this region extends west 
for fifteen to thirty miles to the last abrupt rise to the great main crest 
of the front range, which, in this portion of its course, constitutes the 
main continental divide, separating the waters of the Pacific from those 
of the Atlantic, and the topographical characteristics of which were 
described in Chapter I. The w bole of this portion of the great . front 
range, down its less abrupt western slope to the comparatively small 
and lower-lying sedimentary area of the lVI:idd.le Park, with nearly all of 
the elevated country lying south of the park and separating it from the 
South Park, and forming the cdnnecting link between the Front and Park 
ranges, and all of the latter bordering the Middle-Park drainage area 
on the west, together with the southern extremity of the Medicine-Bow 
range, which penetrates into the park at its northeast corner, and, 
finally, a few low, small, ap.d isolated areas in the park itself; all this 
great area, wkich includes all the grander mountain country, is com
posed of crystalline rocks, schists, gneisses, and granites. 

Disregarding some comparatively small, and, in this connection, wholly 
unimportant occurrences of undoubted ancient eruptive rocks, (por
phyries, &c.,) as well as some minor granite areas of uncertain eruptive 
nature, the series as i whole must he regarded as a great system of an
cient sedimentary rocks which have undergone, in greater part, the 
most profound metamorphism, the result of which, over large areas, has · 
reached that last term of metamorphism, viz, structureless g-ranite. 
Though, in the region under consideration, the Triassic red sandstones 
form the oldest recognized sedimentary rocks which rest upon this un
derlyinl' series of crystalline rocks, and thus indicate that they are only 
at least of Pre-Triassic age, yet further south and west the Potsdam 
sandstone covers it in large and well-recognized areas, thus demon
strating it to be at least of Pre-Silurian or Archrean age, a conclusion 
also rendered almo~t necessary on the independent ground of the extent, 
uniformity, and completf:lness of the metamorphism which has affected 
the mass. For it is no case of local metamorphism, nor one of supposed 
depenC.ence upon adjacent masses of eruptive rock, nor of the acci
dental presence of mineral wa.ters. The metamorphism is regular, or 
normal, affecting a great system of bedded rocks of unknown thickness 
and indefinite extent. Throughout the district examined, this character 
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of the metamorphism was unmistakable. · Disappearing beneath the · 
rocks of the plains it becomes impossible to tell how far the series and 
its characterS' may continue in that direction. Where appearing through 
the sedimentaries of the Middle Park and from beneath them along their 
western border iu the park rang.e, their clearly metamorphic nature is 
still present. · Again covered with the sedimentaries, yet many hun
dreds of miles to the south and.west, where the canons chiseled by the 
Colorado and its tributaries have penetrated the upper rocks, and on 
beyond past the limits of the Colorado plateau, in the regions of Ari
zona, Nevada, and Utah that hav~ been stripped of the sedimentaries, 
rocks similar in character occur, indicating that the substratum of the * 
whole country is what is le,ft of ancient and highly metamorphosed 
series of rock formations. No special facts bearing on the equivalency 
of the metamorphic series, as exposed in the front range of Colorado, to 
any of the divi~ions of the Archrean rocks at the East, wereobserved. 

The prevalence of siliceous and granitic types recalls the descriptions 
of Laurentian area~. Butthe presence of granites may only mean extent · 
of metamorphism and not pecessarily a greater age. There may, indeed, 
bt the representatives of two or more gTou ps of the Arch man present, but a 
strong impression was received that there was but one great conforma
ble series of rocks, and that its characters might be quite peculiar to 
the series and region in question. It will be impossible here to go into 
any detailed lithological study of the series. Though, notwithstanding 
the extended and rapid character of the exploration, much material was 
gathered bearing on the subject, yet sufficient time for its elaboration 
and study has not yet elapsed, and more complete results must be post
poned for a final I·eport . ... A few general results, however, can be offered. 
Considering the extent a"nd antiquity, the formation and the probable 
mutations· of its history, its lithological characters, as a \vhole, seem to 
be remarkably simple and uniform. From quartzite through siliceous 
and mica schists to very simple varieties of gneisses and granites, in 
which the mica is wholly subordinate, and the feldspar mostly a tabular 
and twined orthoclase, \Vith possibly one or two triclinic feldspars pres
ent, and the list of rocks seems complete. Aside from an apparent 
tendency at se;eral points to the formation 0f iron garnets, hardly any 
other accessory minerals were observed, while the syenitic element and 
the more basic rocks generally were almost entirely wanting. This does 
not refer, of course, to the occurrences of many minerals, smile contain~ 
ing rare elements, in veins, nor to mere local rock occurrences, bnt to 
the impressions received from the general and extended view of the 
formation as a whole. 
· The least metamorphosed rocks observed were quartzites, the purest 
form of which were of' clear milk-white or bluish color, excessively bard 
and compact. Near the lower canons of Coal and Ralston Creeks, where 
the largest mass observed had been preserved from erosion, they Jlassed 
into a series of highly siliceous schists, in places very ferruginotl.s, and 
which may possibly yet be found to contain workable deposits of iron
ore. They were here associated with siliceous mica schists finely, com
pactly, anu evenly bedded or band.ed. Above very irregular schists 
occurred, contorted and blotched, largely composed of lenticular-like 
masses of white feldspathic and black or dirty-red micaceous material, 
intercalated irregularly together, with garnetiferous schists. Gneissic 
and granitic strata are frequent, while below a great granite mass occurs 
with but remnants of bedding left, but which are apparently conforma- . 
ble with the series above. Both above and traced along the series more 
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and more gneissic and granitic beds come in until they wholly predom
inate. 

At a point farther north, near the Little Thompson, a few exposures 
of similar quartzites show them to be associated with a highly quartz
iferous series of greenish color, and apparently impregnated with acti
nolite, which occurs in small radiated patches. Bedded directly in the 
mass are many sm.all granitic and gneissic strata. Longitudinally the 
beds pass into dark, finely-laminated mica schists, but beyond are lost be
neatll the unconformable and comparatively little disturbed Triassic 
shales. Beneath them the granitic gneisses occur to an enormous thick-

• ness, with schists here and there, all apparently bedded in conformity. 
Both these occurrences of quartzite are near the limits of. the range, 
and in the upper portion. of the series exposed beneath the newer sedi
mentaries. At two other points only were quartzites observed, one 
having the radiated actinotite impregnations. Schists inclining to 
gneisses occur o-ver large areas, but the dominant rocks are granitic 
gneiss, or even granites; and of these the tendency is decidedly toward 
a binary granite to which t.he n·ame of Aplite might apply, a rock wiih 
a decided predominance of the quartzose and feldspathic elements, the 
micaceous ingredient being frequently nearly absent. The latter usually 
occurs in small black flakes, with the feldspar in greater part orthoclase, 
in large flat crystals, twined in two thin plates parallel with the flat 
faces, and of white or reddish color, the mass being rather loosely tex
tured and inclined to crumbling. Great areas are composed of this sim
ple feldspatbic granite, and while it may appear structureless for long 
distances, yet search seldom failed to find evidences of structure, such 
as inclosed masses of schist, perhaps several lumdreds of feet in extent, 
passing by imperceptible stages into the inclosing gr?~nite. Perhaps 
patches only a few miles in extent, or a. congerie of patches all parallel, 
but separated by the better defined granite, may only remain to attest 
former structure. When sufficient mica is present a gneissic structure 
may indicate bedding, but in the ternary granites, or when the mica is in 
too small flakes to clearly show a parallelism, the less changed and iso
lated remnants of former structure must be resorted to. In a few in
stances when bedding was not thus indicated by the mica the tabular 
feldspar crystals were observed all arranged in parallelism with the bed
ding, and in others a marked per cent. of the crystals were so arranged 
as if the m~ystalizing forces had been partially controlled by the original 
structure of the mass, just as in well-defined schist or gneiss the crys
tallizing out of the inica seems to have so been determined. 

When the almost structureless granite is homogeneous o-ver consider
able areas, t:Q.e characteristic " dome" form is d~veloped in the erosion 
and weathering of the country. The most structure less granite of all 
was an exceedingly compact and hard porphyritic granite which was 
observed but in a few small areas and bore an impress of an ernp~ive 
origin. In it the feldspar crystals werenot so tabular, while the rock 
was closely built and not so loosely textured as in the broader masses 
of the more fi'iable granite with tabular feldspar crystals; yet in one of 
these masses, apparent transitions · from adjacent schists could be ob
served. 

· That the characters noted above are evidences of a structure that 
once existed throughout the whole mass ; that the inclosed schistose 
patches and areas are neither remnants of foreign schists inclosed in an 
eruptive granite mass, nor accidental lamination developed by crystalli
zation or motion in a plastic rock, is abundantly proved by the fact that 
whenever, over a continuous area, a great many of the strikes and dips 
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of such remnants are carefully noted and platted on the map, they are 
invariably consistent among themselves in indicating a definite struc
ture of the whole, and accord with the structure that may be indicated 
by neighboring schists and other masses of undoubted bedded rocks. 
Thus, suppose a horizon of exceedingly well-bedded quartziferous and 
mica schists to be under or overlaid by granites which possess in general 
no distinct structure, and that the foldings have been such that a sharp 
anticlinal has been formed with its axis dipping steeply to the north. 
The outcropping edges of the schists would thus appear, forming an 
angle or curve, with the apex directed northward and widening out to 
the south, while the beds dipped off outward to tbe west, north, and 
east. Now going among the granites above and below, and noting care
fully the directions and dips of all the little evidences of structure found, 

. however insignificant, it will be found that they, too, all accord with the 
zone of schists, and indicate precisely the same sort of fold. For many 
miles, often, such a fold may be traced in this manner, perhaps retain
ing the same chara,cters as it is clearly shown to have in the schists, or 
increasing in sharpness or finally dying out entirely and disappearing. 
And when it is observed that the zone of schists, when traced longitu
dinally, may also be formed, changed into a similar granite region, with . 
the same indications and remnants of bedded structure, the proof be
comes conclusive. Indeed, so constantly and without exception did 
this agreement of isolated observations occur, whene-ver chance and time 
threw a sufficient number of observations into a small enough area, 
that observations at first 1ooked upon as doubtful, if not misieading, 
finally came to be regarded as trustworthy evidences of structure, and 
the conclusion drawn that, however extreme and profound the metamor
phism may ha-ve been, the tendency of its action was to produce a homo
geneous or structureless mass, and ne-ver such as to impress on the roc~ 
definite indication as of a new bedding; and that where indications of 
structure do occur they simply represent the remnants of bedding that 
ba\'"e not been obliterated by the metamorphism, and thus indicate the 
original structure of the whole mass. l\fany observations that were at 
first considered as wholly questionable and pro-visional, were afterward 
found to accord with trustworthy data found not far off. Even a much 
less expected. indication of bedding was noticed at many points, though 
it was by no means accepted as a trustworthy one. \Vhen strata of 
varying degrees of hardness are inclining somewhr.t, and subjected to 
erosion, the irregularities of surface form~d are almost always steepest r,. 
on the sides that exhibit the edges of the strata, the slopes with the 
inclination of the strata being usually mnch the more gentle, as shown 
so repeatedly in the hog-backs. Now, over considerable granite or 
gneissic areas~ especially in the region near Turkey and Last Resort Creeks, 
the at first apparently structureless granite hills presented their steepest 
faces to the south, or southeast, or southwest, and in nearly e-very case 
the remnants of structure found here and t,here in them, and which 
conformed in plan to the plainer schists at the north, bore the normal 
relation to the form of the hiil, i.e., dipped with their gentler slope, and 
showed their edges on the steeper ones. It seemed strange that such 
a simple topographical feature should be preserved in such much changed 
rocks. 

Thus it became certain that all the great masses of rock which here 
compose the archrean areas of the distr~ct, the granites inclusi-ve, were 
metamorphosed in situ, and that the latter, as a whole, must be consid
ered as indigenous in its character. 'l'his metamorphism would seem to 
have been deep-seated. Not only would its nature and extent, judging 
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from other regions, indicate it, but the evidence exists to show that an 
enormous amount of material has actually been removed from the ancient 
surface to bring to light the rocks as now exposed. The canon-cutting 
and surface-erosion of the present has only been in progress since the 
latestuplift-probablyinearlyTertiarytimes-and is almost as nothing in 
amount, so far as the metamorphics are concerned, compared with erosions 
in the distant past. Regarding as still correct the evidence from within 
the district in question, the whole region, except, p(3rhaps, its extreme 
southwestern portion, stood above the ocean-lev~l at least just previous 
to the deposition of the Triassic sandstones, and probably did so all . 
during Paleozic time, and if the erosion then approximated in rapidity 
to the erosion of the present time, in such a long interval it must have 
been enormous. That the erosion was by no means gentle is evidenced 
by the almost universal coarseness of the adjacent derived sediments, 
the amount of which themselves attest and measure the amount o( ma
terial removed from off the adjacent archman areas. The "overlap" 
and shelving-oft' of the lower Triassic sandstones all along the east bor
der of the range ·show a gradual encroachment of the shore-line, a win
ning of the land by the sea, effected by the slow degradation of the land 
by erosipn. How far and rapidly this extended cannot be told, but all 
of what is now the Middle Park, and probably much farther up on the 
range, had, by Cretaceous times, succumbed to this degrading and sea
encroaching process. And yet adjacent land must have existed, as the 
marked coarseness of some of the Lignitic (Eocene~) beds indicate, com
posed, as they are, of granitic debris, and the complemental and actual 
evidence exists in part in the archman rocks themselves. Looking at 
those that are only now exposed to view, some of the lower horizons 
showing near the center of the range lie many thousands of feet in geo
logical antecedence below the upper exposed portions, and how much 
the latter may have been below the surface that existed when meta
morphism was in progress, is an unrevealed story, the evidence being 
hid beneath the ruins of the rocks themselves in the .dl!Jr·is that now 
forms the sedimentary rocks of the plains, but which, as said before, 
show that much more has been removed than now exposed. Thus the 
thickness to which the archman rocks were piled up strata upon strata, 
before even their own debris was worked m:er into the, more modern 
rocks, must be recorded by thousands of feet, if not by miles. Thus 
deeply buried beneath the surface, heat from below must have gradually 
invaded the mass, and have played an · important part in its meta
morphism. That depth, and hence, probably, heat, was a factor, seems 
indicated by the fact that in a general w·ay the largest and most struc
tureless masses occupy the lowest geological positions, while the less 
generally metamorphosed regions lie higher up in the exposed series. 
Some profound plications have occurred in the mass, the strata, generaliy 
being highly inclined, and the resistance to this folding, in friction, crush
ing, and motion, must have added much heat to the invading earth-heat 
following upon the accumulation of the strata. For the metamorphism 
itself is ancient, the debris of the already metamorphosed rock being 
frequent in the derived sedimentaries, and I think evidence may be 
found to show that it probably continued, if it was not most active; 
during the earlier foldings of the series. The intensity of this heat can 
hardly be stated. It was not necessarily of that temperature that would 
be required to melt the granites as they now stand, for the presence of 
saline waters may have so acted as to have assisted the heat in indu(}ing 
plasticity or liquidity, to produce a state of "aqueo-igneous fusion" without 
the actual temperature being very great. How far such action really 
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occurs I suppose it difficult to tell, but whatever the conditions, whether 
more or Jess . heat, assisted more or less by aqueous action, they have 
apparently been such that plasticity-or liquidity has actually been pro
duced in portions of these rocks, and probably to a considerable extent. 
Such conditions, or a tendency to them, would certainly assist in pro
ducing homogeneous or structureless masses of rock, by allowing freer 
play ,of the particles in obeyance to chemical and other molecular forces, 
and the large granite masses, indicating centers of greater metamorphism, 
probably also indicate areas' of once greater pla,sticity. While meta
morphism alone has often left sharp lines of demarkation between dif
ferently affected rock, there are also points where movements of the 
plastic rock seem to have occurred; while, in tracing a line of schist 
into a granite. area, points may occur where the normal granitoid strata 
regularly belonging to the series may gradually increase in number and 
thickness, monopolizing the series and producing a normal metamorph
ism; or tongues of granite may invade the schists, as if a.n active meta
morphism had proceeded outward from the granites, eating, as it were, 
into the schists, and absorbing first those beds by nature most readily 
succumbing to the change, and leaving the intercalated masses less 
changed. Yet the remnants-of structure left in the granites still show 
that no important movement has taken place in the mass, but that the 
rock remains in s-itu, and is an indigenous granite. But, besides these 
confusing appearances, lines of the gr.anite sometimes appear as if actu
ally injected or intruded among the schists, sometimes on their bedding, 
but perhaps across it as eruptive veins. Indeed, tht:.re seemed cases 
where, in approaching the same mass of granite from different points, 
that at one all the appearances of a truly exotic and eruptive origin 
might be found_;abrupt lines of demarkation and veins; while at another 
point nearly all the steps of a gradual metamorphism and transition 
from the schists beyond might be traced, while the remnants of struc
ture through the mass itself would, in greater part, conform to the sur
rounding system of folds, showing it as a whole to be an indigenous 
mass. Two observers thus approaching such a mass would justly ren
der different verdicts as to its nature, one ascribing to it a wholly erup
tive origin, the other a clearly metamorphic character. A few minor 
masses of granite did not' show well-marked transitions from schists, 
though in part the ends of t~he latter gradually, though yet abruptly~ 
merged into the granite, as if absorbed by it, the mass as a whole pre
senting the character of an intrusive mass. There is no evidence what
ever, however, to show that such masses have traveled far, or that they 
might not have come from a shQI't distance only,and have been derived 
from rocks similar to thos~ in which they are inclosed, or others of the 
same series, for their likeness may be found at other points as true meta
morphics. Penetrating various portions of the series are granitic, usu
ally mostly feldspathic, veins, many of which probably extend long dis
tances and appear to be of true. eruptive character, while other granitic 
veins, usually of very coarse bluish quartz and white cleavable feld· 
spar, with sheets and large crystals of white mica, seem to be more 
naturally referred to infiltration, or to be endogenous in character, like 
many metalliferous veins, some of each kind showing layers of deposi
tion or structure. Nearly all of the metalliferous deposits, for the pro
fusion and riclmess of which Colorado is so justly celebntted, occur in 
veins in this great system of metamorphic rocks, or in debris derived 
from the same. The more noted of these were studied with care by Dr. 
F. l\1:. Endlich during the early portion of the season, and his results will 
be found as a portion of his report as geologist of . the southern or San 
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Luis division of ,the survey. A complete knowledge of the general 
geology of the region as a whole, as well as of these ore-deposits, would 
probably show connections· between the two, and lead, as in other 
regions, to results valuable to the mining-engineer. To trace such con
nections, and to master the relations of the veins and their contents to 
the formation as a whole, could not be expected to be accomplished in a 
single season's work over an extended area. 

-A number of porphyry dikes, usually of ~hort extent, have penetrated 
the metamorphic rocks at many points, perha.ps most noticeable in the 
region drained by Left-Hand, Four-Mile, and adjacent creeks. They 
have considerable variation of composition, but have not yet been made 
the subject of special examination by .the survey. , It is on either side 
of one of these porphyry dikes, along the planes of contact between it 
and the inclosing granite, that the rare and interesting telluride .ores 
of Gold Hill are mined. 

Dr. Endlich's analysis of specimens from this locality has revealed 
some new mineral species, while specimens of this and neighboring 
porphyries furnished with notes upon their occurrence to Professor Ben· 
jamin Silliman, jr., of New Haven, have formed the subject of an exami
nation by him, in the American Journal of Science and Arts for July. 
The description of these ores, and their mode of occurrence, iR give1i in 
the chapter on mines in Dr. Endlich's report. 

THE STRATIGRAPHY OF THE EAST SLOPE OF THE FRONT RANGE . 

Three causes combine to render the rapid study of the stratigraphy of 
the archman rocks difficult and its results uncertain: First, their struc
ture is not only often complex, but obscure, the evidence of it being at 
times nearly or wholly obliterated by the metamorphism, and often over 
large areas very difficult to find; second, this metamorphism renders 
lithological characters inconstant, so that a stratum that at one point 
may be characteristic among its neighbors, may, at ~mother, become 
like them, or all may change so as to retain none of their geofogical fea
tures, becoming again like other series, so that lithological resemblances 
cannot often be taken as a guide to follow, and may even become mis
leading; third, the erosion producing the present surface features ot 
the mountain region had the direction of its action determined by 
movements of the surface which were not closely connected with the 
extended plications of its rocks; and, moreover, since this erosion has 
not long been active among these rocks, there appears no well-defined 
connection between the topography an<J the structural geology. The 
ancient erosion gradually wore down the mass to the surface of the 
sea, and while previously to this it was no doubt directed by the struc
ture, yet the mass was finally leveled off irrespective of structure or 
relative hardnesses of its beds by the encroaching ocean, which worked 
over its ruins and laid them down upon the smoothed surface in the 
form of the Triassic and other beds. The recent great uplift, while . it 
probably added new plications to the accumula,ted plicatio~ of the past 
in the ancient rocks, was quite simple with respect to their total plica
tion, and left the upper Triassic and other sedimentary beds compara
tively simply structured, they having been affected alone by the later 
movements. 

As the mass appeared above the sea and surface erosion once more com
menced, but which now acts upon the recent rocks covering probably in 
greater part the complex underlying rocks, it was directed off from the line 
of greater uplift down the long slopes oft he rising continent to the retiring 



MARVI~E.] GEOLOGY-STRATIGRAPHY OF THE EAST SLOPE. 145 

sea. The channels of drainage started were directed solely by the struc
ture and characters of the upper rocks, and when they gradually cut 
down through these and commenced sinking their canons into the under
lying complicated rocks, these canons bore no relation whatever to their 
complications. It is butrecently that the upper rocks have been com
pletely removed from the summits of the mountain-spurs, the ancient 
level of subaqueous erosion being still indicated by the often uniform 
level of the spurs and hill-tops over considerable areas, and large plateau
like regions which became very marked from certain points of view. 
Two or three such levels are indicated at a few places, showing not only 
that the sedimentaries have once extended up over what are now the 
mountain rocks, but that the uplifting has been mainly confined along 
certain partly well-defined lines, the intermediate belts, though uplifted 
bodily, remaining comparatively level, a type of folding, probably, not 
uncommon farther west, and which will be referred to again in the fol
lowing chapter. 

Eroded away, worked farther and farther back, the sedimentaries 
have receded to the line of hog-backs, and having a structure bearing a 
partly constant relation to the eroding forces, with persistent lithologi
cal characters, their topographical features indicate their geological 
structure, and it is thr~ugh the former that the latter may be most rapidly 
and easily read, the long ridges nearly always, as shown in Chapter II, 
conforming to a particular bed or series of beds harder than their neigh
bors, and thus traceable as far as the ridge is visible. Not so the meta
morpbics. Penetrating the formerly covering sedementaries, the canons 
commenced sinking into the lower and more complicated rocks, with 
directions impressed upon them by the latest uplift and the overlying 
rocks, and bearing no constant relation to the structure of the lower 
ones in which we now find them. It is true that the structure of the 
lower rocks has begun to affect the courses of the streams, and in places 
to a considerable extent. Meeting a softer bed a canon will often have 
its course directed by it, and follow it for some distance, leaving the 
adjacent harder beds plainly indicated by the ridges, and sometimes the 
sinuosities of structure are very curiously followed by a stream in all its 
windings, but it soon breaks away and runs independently of the bed
ding. l\iany of the smaller ravines have had their positions determined 
by the structure; but ina broad sense the drainage is from the main mount
ain crest eastward, independent of structure. Thus, while in places 
geological features may find expression in surface form, yet, as often, 
there may be no conceivable relation between topography and geology. 
The subaqueous erosion, in smoothing all to a common level, destroys 
an former surface expression of geological character, and the present 
erosion has not yet been in progress sufficiently long to recreate the 
lost features. 

With geological structure but feebly featured upon the surface, and 
with such structure as does exist, not only complicated, but often lost 
in metamorphism, it becomes no easy task to trace it out, often requiring 
close inspection of the rock, and even long search to detect it, while but 
little definite character can be made out in distant views. On the other 
hand, the exposures are both numerous and continuous, the many canons 
affording fine sections of the rocks, and when sufficient time is expended 
in their examination I conceive that some exceedingly interesting and 
clear results as to metamorphic action will follow, to say nothing of 
structural features, and the connection of both with the filling the innu
merable mineral veins which occur in the series with their valuable ores. 
Notwithstanding the natural difficulties in the way, many observations 
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of the structure of the mountains, more particularly of the eastern slope 
of the front or main range, were made during the past season. These, 
though by no means exhaustive, and, in a portion of the r~gion, too 
scattered or imperfect to there define the structure, yet such material 
as was obtained seems sufficient to indicate certain general features, and 
a portion of the material from which the inferences regarding the 
structure are drawn, together with the inferences themselves, are given 
below. 

Lithological and metamorphic characters are not here regarded as 
much as they should be in a complete study, nor as much as they may 
be after the further study of the notes and specimens yet at hand. The 
accompanying map (Fig. 7) shows the .f\._rchrean area over which the most 
connected observations were made. It is an area extending north and 
south across the full width of the district, with the main crest of the 
front range. near its western · border. The streams along the northern 
half of the west border belong to the 1\iiddle-Park drainage. The main ' 
divide passing out from the western border of the map a little south
west of James Peak, comes in again at Gray and Torrey. On the east 
are the Lignitic beds of the plains in horizontal lining, with the coal 
horizon and principal masses of terrace gravels approximately shown, 
followed by the hog-back zone of more or less upturned and eastward 
dipping Cretaceous, (dotted,) Jurassic shales, (white,) and Triassic red
beds, (heavier horizontal lines.) To the west extends the mountain 
zone of Archrean rocks to the extreme border of the map. Nearly all the 
observed strikes or curves of the rock are indicated by the short dashes, 
the direction of which show the trend of the strike, while the little mark 
on one side shows to which side the rock dips, with numbers sometimes 
attached showing its amount in degrees, the dips being from the hori
zontal. The shorter line extending across the dash indicates vertical 
strata, with both sides equ~l, horizontal bedding, and approxima~e un
certain strikes and dip, seen either at a distance with a field-glass or too 
small a remnant of structure to be trustworthy, are indicated by the 
broken dash. A dash may be the result of a single observation of ob
scure structure in granite, or, more often, may indicate the result of a 
number of observations, or the whole formation mayelearly have the 
given trend, obviously bending here and there as strikes indicate. Re
garding a number of neighboring obseryations they serve to show the 
present structure of the region in which they occur. 

Drawing dotted lines through a region so that they are parallel to all 
the strikes near or abreast of which they pass, they may be consider~d 
as indicating, approximately, the course the strike would have if the 
outcrops could have been traced continuously along them. In other 
words, the dotted lines represent approximately where the continuous 
outcrop of a horizon, or series of beds, would be if it could be traced. 
When the structure is clear, or when the observed strikes are rather 
thickly scattered, these dotted lines may represent an outcropping hori
zon quite closely, but where the observations are more scattered, the 
course of th~ horizon becomes more conjectural, and the line, instead of 
remaining on its proper horizon, may gradually pass higher up or lower 
down through the series, while unobserved faults may throw the beds 
aside and not be indicated by the lines; yet the latter, though so far 
incorrect, still serve to connect the observation which would otherwise 
be too disconnected to the eye, and just so far as the obsert'ations go, 
truly indicate, if approximately, the curves of the outcrops of the folded 
rocks. An ·anticlinal, or synclinal, with north and south horizontal axis, 
woul~ thus h~ve the beds outcropping on either side in north and south 
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parallel lines; but if the anticlinal dipped north, the beds would mantle 
around its northern end in curves, with their convexity or apices directed 
northward, the beds dipping from it northeast and west, with a northern 
dipping synclinal would have the curved outcrops pointing south, but 
dipping northward and inward from all sides. Anticlinals are indicated 
by dot and dash lines, synclinals by three dot and space lines, the arrow
heads indicating the direction of the inclination of their axes. It is by 
no means claimed that the map represents with perfect accuracy the 
geology through~mt; it is simply [a means of putting together b~fo~e the 
eye the observatwns recorded, an(! to show, only so far as these IndiCate, 
the broader ideas of the structure of the mass. Long study will be 
required to unravel completely t~e structure of these rocks, and much 
that is here inferred may finally have to be modified. The portions 
represented with least certainty on the map will be mentioned in the fol-
lowing brief and hurried description : · 

The portion of the region under consideration whose structure was 
probably most clearly made out is that lying south of South Clear Creek, 
and having Mount Evans as its great culminating mass. This mountain 
was approached from the upper branches of Bear Creek, on its northeast 
side, and for eight miles near the summit no evidence of structure what
ever was obtained, the great massive bosses of rock being often sculptured 
into dome-like forms, with profound gorges and amphitheaters, all com
posed of normal granites, both coarse and fine, some containing much 
mica, others with but little, in small, scattered flakes. The different 
granites were not observed to occur in zones, as if once bedded, but not 
enough was seen of the mass to say that they did not so occur. As will 
be seen later, the mass is probably all metamorphic, and a more extended 
examination of it would probably have developed many evidences 
of a former structure throughout it. These granites seem to occupy as 
low a geological position as any rocks observed anywhere in the mount
ains. At the northeast the high ridge rising opposite the mountain· 
from the other side of Bear Creek, and between the latter and Olear 
Creek, and which culmi11fttes in The Chief, is composed of well-bedded 
schistose rocks, all striking about northwest-southeast, and dipping from 
25° to 60° to the northeast. The Chief itself, and ridges running from 
it to the southeast, are composed of very irregular and contorted dirty
red and white-banded schists, often granitiferous, which compose a con
siderable thickness of the formation above. Below, on the southwestern 
face of The Chief, and extending southeastward, is a well-defined bedded 
zone of fine, handsome, light-gray granite, with small scattered mica
flakes many hundred feet thick, and in tu.rn miderlaid by a still greater 
thickness of more evenly and finer-banded schists than above the gTanite, 
inclined to steel-gray in color, with some irregular schists. The edges 
of these form the lower southern slopes of the hills, their bases being 
followed quite closely by the valleys of the main streams, which seem 
to indicate a well-defined and regular line of demarkation between this 
plainly bedded series, above on the northeast, and the underlying struc
tureless granites rising in the great slopes of Evans. The impression 
thus first received is that here are two different and distinct rock forma
tions. The heavier dashed line upon the map here shows the limit of 
the granites as it follows one of the principal northern forks of Bear 
River, gradually bending eastward, and indicating, with other strikes 
observed in the schists above, a fiat synclinal, with its axis dipping north
ward. The dotted extension of this horizon southeastward is but ap
proximate, and will be referred to later, while the extension westward is 
wholly inferred from the observation farther to the northwest, and was 
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not itself directly traced. Descending from The Chief northward, thus 
crossing the edges of the steeply upturned schists and ascending through 
the formation, but at the same time following somewhat along it north
ward, it is found to swing more and more northward, and then-uear a 
north and south line passing through Idaho-to bend directly around to 
a southwest strike and northwest dip. It is a sharply-folded anticlinal 
dipping steeply north ward. Still following along the strata, they again 
swing northwest and again southwest, showing a E~imilar abrupt fold. 
Following up Clear Creek from Idaho, a number of such folds occur, the 
dip of the irregular schist and gneiss rocks being invariably east, north, 
or west, but never south until, near the bead-waters of that stream, a 
more constant southwest strike is attained, with northwest dip, as finely 
shown in the Gray and Torrey Peaks, and north and east of the same. 
Thus regarded all together, the E vans mass appears as a broad anticli
nal, with its axis dipping northward, and carrying on its face a number 
of minor crumples, smaller anticlinals and synclinals, like ripples on the 
greater wave of rock. Naturally these smaller folds render the more 
general geology very confused; This seems to be particularly the case 
near Idaho, but many observations showed the same little folds running . 
for considerable distances. The smaller valleys here show some pecu
liar relations between topography and geology, sometimes following the 
softer beds in their sinuosities for considerable distances. The numerous 
minor anticlinals and synclinals here observed are indicated by their 
proper ,symbols. The schists and gneisses appear well exposed in the 
lower portions of Chicago Creek, but higher up granites b~gin to pre
vail, very abrupt transitions from one to the other being frequent. 
Starting from the eastern base of the Gray and Torrey Peaks, and curv
ing around north ward, is a ·most profound and regular glacier-carved 
gorge, with sweeping precipitous sides towering up on the east side to 
the rather even-topped summit of MacLellan Ridge. On the west side, · 
plainly noticeable in Gray and Torrey, the handsome gra.y and rather 
evenly banded gneisses dip rather steeply to the west and north, while 
just opposite, on the east side, an opposite dip . occurs, the saddle just 
east of the two peaks being in a sharp anticlinal axis. Opposite the 
mountain, and a little south, perched midway up the precipitous face of 
the lVIacLellan Ridge, its houses held on to the face of rock by chains 
and rods, and accessible only by the aid of ropes, is the Stevens mine. 
Here some structureless granite masses confuse the gray gneiss, the mine 
being in one of them, and faults occur, but it seems to be here that the 
axis of the anticlinal leaves the valley, for dowp the latter the general 
dip is to the northwest. Joining the next fork, the strike still bears east 
and west, or nu.rtheast and south west, dipping north and west, till about 
midway to Georgetown, when a mass of hard, structureless, massive, 
porphyritic granite is met, in which the Terrible mine is situated. The 
contact between the schists and granites can be quite readily traced up 
the steep northern slope of the valley just west of the mine, and is mostly 
very abrupt. The ends of the westward-dipping schists mostly lie up 
against the granite, but in places bend down into it, being much con
torted, and while the line of contact is often remarkably well defined, 
the change from one to the other being instantaneous, yet in places the 
change is less abrupt, the irregular ends of the schist-bands being ap
parently absorbed in the granite mass. Some inclosed patches of schist 
appeared in the granite, but with no recognizable general arrangement, 
while below the structureless granite a southeast dip appeared, intimat
ing that tiJe grani te occupied an anticlinal axis, probably the northern 
continuation of t he Gray's Peak anticlinal, as indicated on the map. 
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• Toward Georgetown the schistose-gneisses stand for the most part very 
nearly vertical, with many faults. At one point near Silver Plume, a 
small hill on the north side of the valley showed an abrupt synclinal 
structure, a fault apparently passing directly through the axis. About 
as far below Georgetown as the Terrible mine is above it, a rock on the 
west side of the valley, and forming a little promontory at the junction 
of a side stream, shows the same hard, structureless porphyritic granite 
as at the Terrible mine, with some abrupt lines of demarkation between 
it and the adjacent schistose-gneisses, but also presenting some examples 
of more gradual transition than elsewhere, and deserving of more care
ful study than the time allowed. This porphyritic granite impressed me 
a s being more probably an eruptive mass occupying an anticlinal axis 
than one metamorphism in situ, though it may not have come from afar, 
nor from rocks of an origin dissimilar from that of its present com
panions. The dip on the southeast side of this anticlinal must become 
reversed in rising .up against the Evans mass, forming a synclinal be
tween the Gray's Peak anticlinal and l\fount Evans, but as this region 
was not directly entered, it was not observed, and is not indicated on 
the map_. 

Returning to the irregular schists of The Chief lying on the Mount 
Evans granites, and following them eastward, they maintain their char
acters for some distance, but with increasing granite characters, until 
they appear to cross Bear Creek and merge into a granite country. The 
hills are less high and sharp than before and rise from a more uniform 
plateau-like surface, with southern sides almost always steep and almost 
invariably steeper than their massive northern slopes. The rock gen
·erally appears to be a reddish granite, with tabular trimmed feldspar 
crystals, and small scattered mica flakes; yet remnants of structure are 
very numerous and can be found in almost every hill. Patches of the 
dirty-red and white-contorted schists, similar to those of The Chief, occur, 
apparently indicating approximately the same horizon. Near the bor
,der of the range, and approaching the sedimentaries, schists predomin
ate, a line of white quartzite outcrops being observed at one point ex
tending for a little distance. All the rocks still uniformly incline to the 
north, or else flast and west, and none to the south. A most decided 
unanimity exists among the very numerous recorded strikes and dips 
-observed in the granites, which is confirmed by the adjacent schists, in 
indicating a series of minor folds with axes dipping northward, some 
quite abrupt, as shown upon the map. Though concealed by the sedi
mentaries, the last-observed rocks on the extreme border of the·archman 
rocks seem to indicate that the general strike bas swung from southeast 
to northeast, as if the border was near the principal and northward dip
ping-3txis of a great synclinal-the compliment of the main Evans an
ticlinal, with the rocks within it crumpled into minor folds just as the 
similar wrinkles exist on the Evans fold. The more southern rocks here 
are the most metamorphosed, and in tracing them toward Mount Evans 
.evidences of structure become less and less marked until they become 
.so difficult to findin the red and gray granites, that the latter become 
practically structureless. While the higher mountain-mass beyond may 
hereafter be found to be partially exotic in character, yet here, upon its 
southeastern extension, its rocks are certainly clearly metamorphic. It 
is at points here that an approximate parallelism of the tabular feld
spar crystals to the bedding was first observed, though it is a character 
that readily became lost in a wholly fortuitous arrangement of the com
ponents of the granite. Large inclosed schistose masses, with most 
-gradual transitions along their borders into the surrounding granites, to 
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the smallest and most isolated of little collections of mica :flakes, grad
ually dying out more and more in approaching the central mass, afford • 
opportunity for a most accurate and careful study of the metamorphism 
of bedded rocks into structureless granites of the most absorbing inter-

. est. A few uncertain observations in the red granites near the south 
border of the map may indicate that a south ward dipping of the forma
tion begins, and if such is the case, the eastern ridge of Evans may be 
of an anticlinal structure, the mountain itself thus being at the inter
section of an east-west and north-south fold, jnst as, topographically, it 
lies near the intersection of a north-south and an east-west range of 
mountains. About midway between the lower reaches of Olear Creek 
and Bear Creek the rather obscurely-exposed granites show gneissic 
areas, having invariably a high southern dip, or the reverse of the rocks. 
of the chief ridge and to the southeast of the same, indicating a north
west and southeast synclinal, as shown on the map. This seems to first 
appear in the canon through which Turkey Creek. debouches from the 
mountains, but here affected by one of the minor .north and south 
folds, and from here on the course of the axis seems indicated at three 
points, where the rocks were found having an abrupt change of strike, 
the meaning of which was not at the time understood. "Vhat is thus 
indicated of this axis would show it to dip to the northwest, but the 
complimentary southeast dip that should occur does not seem to be in
dicated, and its northern end is probably cut off by a fault. 

The minor folds upon the Mount Evans anticlinal give to the greater 
fold a squarish form, the northeast corner of which-that at Idaho-being 
a sharp bend, while the northwest portion seems to be more rounded. 
These two outer folds are the two principal components of the main 
fold, and as the latter lies nearest the main axis of the range, it will 
be mentioned first. From Clear Creek to James Peak no observa
tions were made. At the latter the general strike of the gray-banded 
gneissic schists forming the main ridge is northeast ftnd north-northeast, 
and dipping northwest from 250 to 45o . . Following them along north
eastward, however, they swing around more and more east to southeast 
and in places nearly south, with rather low eastern dips, thus indicating 
an anticlinal, having an axis _lying just east of the main topographical 
crest, and having a northward inclination. South Boulder Creek rises 
at this point, and for nearly ten miles down its canon there seems to be 
an uninterrupted series of schists and gneisses of different varieties, 
some . gray and some garnetiferous, striking more or less uorthwest
southeast, with northeastern dip of 200 to 5oo, t.ill the stream enters an 
apparently structureless granite mass, which will be referred to later. 
Following northward along .the range, the same swing of the strata 
appears at the Boulder Pass, and again at Arapaho Peak. Through all 
this distance, from Evans northward, would thus seem to be a great 
anticlinal, with a northward-dipping axis, and if the series were unin
terrupted, an enormous thickness of rocks must be represented. It is 
quite possible, however_, that unobserved faults occur, the northern side 
being thrown upward, thus bringing the Harne. series to view more than 
once. A little north of Arapaho Peak -the character changes some
what; some strikes from the northwest instead of from the southwest 
would seem to show that the axis of the anticlinal was nearly horizon
tal, or rather had a gentle southward dip, as if an east-west synclinal 
fold had :flexed the north-south anticlinal fold. From Arapaho, and 
from points northwest. and southeast of the mountain, many fine views 
of the great canon-cut mountain-mass at the north may be had, and the 
structure generally shown is that of a broad fiat anticlinal, with a nearly 
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horizontal axis, the plainer bands of rocks showing a~ doming over in 
great flat curves, with minor flexures here and there, and steepening in 
dip on either the east or west. Long's Peak, the gr~ndest mass of all, is 
mostly of coarse granite, but with several lenticular masses of darker 
schistose rock plainly showing in its precipitous glacier-scored sides. East 
from Long's generally the country-rock seemed almost wholly of granite, 
both gray and deep red, coarse, crumbling, and with large tabular feld
spar crystals. But little evidence of structure was· noticed, but all that 
was observed showed eastward-dipping rocks, thus enforcing the gen
eral anticlinal structure of the range. Throughout all this northern 
portion of the map the dotted outcrop-lines are wholly approximate,. 
and intended simply to indicnte probable structure. 

At Lilly Mountain a more schistose zone, with red granite beds con
taining garnets, was fourtd, which southward gave way to some reddish 
granites, but seemed to again show itself somewhat plainer between 
North and Middle Saint Vrain's Creeks. East of Lilly Mountain but 
random and uncertain observations were made, but ~hat was seeu ap
pears to conform to the nearest more certain observations. Close to the 
border of the range, between the Little and Big Thompson Creeks, and 
best exposed in the high and rather isolaterl hill thrown up by the eche
lon folding of this region, rocks of well-defined bedding occur, gray 
schistose gneiss, &c., changing to bard greenish siliceous rocks. 2-s if 
impregnated with actinolite, while still farther out, and exposed by fa nlts 

· that push aside the covering sedimentary rocks, are clear white qua:tz
ites. Between the North and South Saint Vrain's a few strikes in the 
mostly structureless granites would seem to indicate a pretty sharp east
west anticlinal dipping east. Tracing these outer beds farther south
ward, a flattening of the formation, south of South Saint Vrain's, spreads 
the strikes in a peculiar way, opening out or widening the outcrops of 
the formations. Still, all the dips are eai:)tward, except one small occur
rence of white quartzite. This appeared as a ridge, only about 100 feet 
long, rising above the soil of a flattish contoured region, where all other 
exposures showed the coarse, reddish, crumbling, . tabular-crystalled 
granites, with but occasional evidences of structure, which, however, as 
just remarked, all indicate a dip in a general easterly direction. The 
small patch of white quartzite had a well-defined trend of 15° to 25° 
east of north, and dipped 450 northwest, as if it represented a remnant 
of an unconformable series resting on the granites. . The joints and 
seams contained radiated actinolite, and some of the quartzite was 
tinted green, as i.f containing the same disseminated in the mass. It 
thus resembled the green siliceous rocks north of the Little Thorn pson 
and elsewhere, which certainly pass into and belong to the schist series. 
In the neighborhood of Jim Creek the observed strikes appear incon .. 
sisteut with one another, and are too few to indicate what the structure 
really is. For a little way above where Jim Creek joins Left Hand, 
schists or banded gneisses prevail, as well as on down Left Hand to the 
sedimentaries, al1 having a general northeast strike and southeast dip. 
They are probably the same as those a little north, near South Saint 
Vrain's, the two apparently swinging around to join one another along 
the eastern mountain base, the higher hills at the west being of coarse 
granites. For some miles up Jim Creek the coarse structureless gran
ites prevail, with porphyry dikes penetratin g them here and there. 
Some debris of true syenite was here seen. This irregularly-banded 
schist-zone seems to form the high ridge between Jim and Left Hand 
Creeks, running toward Gold Hill and dipping southeast. From Gold 
Hill southeast a zone of similar schists and banded gneisses shows here 
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and there in Four-Mile Creek as striking south of east and dipping 
north ward. Running from Gold Hill eastward would thus appear to be 
an eastward dipping synclinal axis, the included surface-rock seeming 
to be a coarse gray and reddish gneissic granite, some of it containing 
considerable mica, but much of it, like most of the granites north, hav
ing but little mica, and that in small and scattered flakes. This syncli
nal may be t~e eastern extremity of the fold that was stated to flex the 
great north-south anticlinal of the main range near Arapaho Peak, 
flattening the axis toward the north. The schists running southeast 
from near Gold Hill seem to continue on westward in a pretty well de
fined zone with some small but obvious north-south folds, as indicated 
on the map, but with general northern dip. A northwest extension of 
·schists, with south dip, as if the east-west synclinal extended throt.:tgh 
here westward, does not appear from the few and imperfect observations 
made in this direction to exist here, indicating that a fault must be re
sorted to to explain the curious outcrop that the map indicates. South 
<>f these schists there seems to be shown a pretty sharp line of demarka
tion between-them and a coarse granite region across which the North 
and the Lower Middle Boulder Creeks cut their impressive canons. 
Along the canon of the latter a very few imperfect east-west strikes, 
with steep north dip, seemed indicated, which lower down, near the 
sandstones, swing southward. South of here, between the 1.\Hddle and 
South Boulder Creeks, though no direct strikes were observed, yet the 
different granites were plainly arranged in zones trending about north 
and south, but running more southwest in following them southward. 
Near the mouth of the South Boulder Canon, and resting on these zoned 
but otherwise structureless granites, the quartzites first appear in force, 
with a south-south west strike, and dip of 60° to the southeast. Though . 
mostly quite pure, yet these quartzites may be traced into siliceous 
schists and are associated with mica schists and gneisses. The above
described structural relations would seem to indicate that these quartz
ites were the stratigraphical equivalent of the Four-Mile schist zone, 
though here by no means so far metamorphosed, and that could the cov
ering sandstones at the east be stripped off, the two might be traced 
out till they unite and become continuou~. The quartzite ridges are 
well marked, and near the southern end the rocks appeared to show as 
if folded upon themselves into a sharp synclinal, the east side being 
thrown even beyond the vertical, and if this is so it may be the north
ern prolongation of the flatter synclinal that appears ea:st of The Chief, 
~s indicated on the map, but this is very uncertain. Attention h.as 
already been called to the sharp fold near Idaho, and forming the north
east corner of the greater Evans fold. The region lying directly be
tween Idaho and Central was not passed over, but at Central the rocks 
indicated a sharp fold similar to that at Idaho, and in view of the per
sistence of the fold south of Idaho it would seem to be the northern ex
tension of the same, as likewise shown on the map. It would then pass 
on northward and be lost in the structureless granites below the quartzite. 
These here form the bulky masR of Ralston Butte. The granites here 
are not red, but gray, the feldspar being mostly a clear, translucent 
white, and the rock very coarse-grained and exceedingly handsome. 
Still one or two small isolated gneissic patches were observed. If the 
stratigraphy is here indicated by the dotted lines this granite area must 
represent much flattened strata in order to widen out the formation as 
it appears to do, yet all the observations made near its edges were of 
steep dipping rocks. The relations, however, all through here are not 
so clear as it could be wished. In the region near Ralston and Clear 
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Creeks, and just back of the "hog-backs,'' the straight-banded gneissic 
and siliceous schists and the irregular red and white garnetiferous schists 
se~m folded into a pretty clear case of a southward dippinganticlinal 
with the west side thrown over past the vertical. Such a structure, 
however, would be inconsistent with the general structure immediately 
west, unless we assume the west side of the fold to be in the normal 
position and the eastern rocks tipped past the vertical. As some of 
them lie quite flat it hardly seems as if the inversion could have been so 
great. Notwithstanding the many observations here made the structure 
does not seem to have been clearly made out, and no attempt is made to 
indicate it by the dotted approximate horizon lines. The western slopes · 
of the main range, as well a's the other areas of archrean rocks gener
.ally, were not studied even as carefully as the east slope, and but little 
can be said of them. The western slope of the main range, in its north
ern portion whenever it was observed, appeared to have a general west
ern dip, which was also indicated in all the general views obtained of 
it. Crossing the great trough-like valley of the Upper Grand River, 
the high southern portion of the Medicine Bow range, where visited, was 
of a very sharp anticlinal character, the rocks appearing folded quite 
flatly upon themselves. It is quite possible that the fold is recent and 
that the sedimentary once mantled over it, filled the trough of the 
Grand; and ran far up on the main range. 'Vhen the broad rolling 
ridge of the Park range was touched, at the extreme northwest corner 
of the Middle Park, it presented only a massive granite of the., very 
coarsest description, with great crystals of feldspar, and no observed 
structure whatever. 

Many miles south, where the range rises on the great Blue River 
group of mountains, schists and gneisses predominate. These all seemed 
to have a pretty uniform trend, following pretty closely the remarkably 
sharp spurs running out northeastward from the main ridge and dipping 
southea8tward. In Ute Peak the trend runs nearly east and west with 
a nearly vertical dip. In Mount Byers, the northwest spur from the 
Berthoud Pass group of mountains, the strike was mostly with the spur. 
The gTeat east-west ridge connecting the Evans group with the Park 
range, and forming the divide between the Middle and South Parks, 
was not examined. 

It is unfortunate that more definite and positive results could not 
have been arrived at, but when the extent of the area traver~:;ed, and the 
short time employed, together with the fact that other rocks demanded 
attention, and the peculiar difficulties in the way of this special study, 
are all taken into consideration, the outcome of the season's work can
not be regarded as so very small. The fact that the great front range 
is practically composed, throughout this region at least, of metamorphic 
rocks, and that these rocks possess a definite and accessible structure, 
is certainly shown, and while errors may be found in minor points, yet 
it is believed that the more general structure of the range as shown in 
the map will be ultimately found to be substantially correct. Some of 
the topographical features of these rocks are dwelt upon in the early 
part of the following chapter, when speaking of the upper valley of 
Grand River, and later when describing the Blue River Mountains. It 
is hoped that a more complete digest of the notes, with study of the 
specimens, aided perhaps by chemistry and the microscope, may not 
only add interesting results to the lithological and metamorphic ques
tions involved, but assist in perfecting the knowledge of the stratigraphi
cal structure of the range as presented above. 
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CHAPTER IV. 

THE MIDDL~ PARK. 

In Chapter I was given a brief description of the principal topo
graphical characters of that region, the drainage system of which, as a 
whole1 may be considered as composing the 1\-Iiddle Park. The geueral 
symmetry of this drainage, with Grand Hiver as ari axis, its radiating 
tributaries, as well as the remarkable isolated character or unity of the 
system, aU of its waters finding their exit through the single outlet
canon of the . Grand-were there noticed, and attention called to the 
fact t_hat, notwithstanding the great basin-like character of this area, as 
indicated by these features, yet this character is in great part lost by 
the prominence.of many of the ridges separating its' secondary drainages, 
and the general diversity of much of its surface, wherein it presents a 
striking contrast with the far-better defined basin-like character of the 
North and South Parks on either hand. The fact that this isolated and 
independent system is the easternmost region in the United States, in 
which Pacific waters take their rise, was also referred to, while it was 
suggested that, as a geological basin, the northern side is ';Vanting. 
The general course of the streams forming the system, as well as the 

. more salient features of their valleys and separating ridges, were also 
briefly sketched out. 

The distribution and structure of the rocks forming this region will 
now demand our attention. (See map at front of chapter, Fig. 8.) 

All the eastern, southern, and western rim of this isolated drainage 
basin, as well as the massive mountain areas bordering much of the 
same, chiefly on the east and south, are composed of apparently the 
same system of metamorphic crystalline schists and granites that are 
found on the east slope of the range, excepting always certain smaller 
areas of Paleozoic Redimentary rocks, which occur near the sources of 
the Blue River, and which are quite separated from the younger sedi
mentary rocks to follow, and will not be further considered in this report . 

.All the northern and middle portions of the park, which include all 
the lower and more truly park-like portions, are composed, excepting a 
few areas of Archrean rocks along the Grand, of younger sedimentary 
rocks, which are not, as a rule, greatly disturbed. 

THE CRETACEOUS FORMATION OF THE MIDDLE PARK. 

Apparently the oldest of this series, resting, where found, directly 
upon the crystalline rocks, is the Cretaceous. This formation seems to 
vary from about 3,500 to about 4,500 feet in thickness, and is divided 
much like the Cretaceous upon the east side of the range, with some 
very strong lithological resemblances existing between some of the di Yis
ions. 

At the base is a series of sandstones, some of which are red, and both 
massive and shaly, but the most characteristic feature of the group 
is the presence of bard, whitish or white, highly siliceous sandstones, 
often conglomerates, which, at times, form such compact quartzites that 
in hard specimens the rock can hardly be distinguished from some ar
chrean quartzites. Being so hard, erosion has generally molded these 
sandstones into prominent exposures, leaving the softer beds in less no
ticeable position~, while their marked persistent lithological characters 
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render them easily recognizable. These sandstones, therefore, naturally 
occur near to, and dipping at angles of from 10° to 500 away from, the 
ridges of archman rocks surrounding the Cretaceous areas. This group 
appears to vary from about 350 or 400 feet, near the Hot Springs, to, per
haps, 1,200 feet, near the head-waters of the Muddy. 

At the summit of the formation there is also a series of sandstones. 
Here, however, the predominent colors are rusty-brown or yellow, and 
while shaly sandstones occur, the more massive beds are soft and 
friable in nature, and often concretionary. From only about 700 feet at 
the east, these may become 1,600 teet thick farther west. Between these 
two series of sandstones, and all through the middle of the formation, 
embracing an average thickness of, perhaps, 200 feet, dark argillaceous 
slaty shales prevail. 'l'hese naturally contain arenaceous beds here and 
there, which sometimes become quite numerous, more especially toward 
the top. No well-defined division of these middle beds was observed. 
In the northwest portion of the park, however, and about one-quarter 
or one-fifth of the way up from the base of the shales, is a horizon 
at which calcareous beds tend to occur. TheRe usually appear as. 
thin limestones, consisting sometimes of two or three more prominent 
bed~, with several minor ones, the thickest reaching, perhaps, not much 
more than 15 feet. Though inclined to tabular, or irregularly thin-bed
ded, the limestone is sufficiently harder than the adjacent shales to ap
pear, when thick enough, as a hog-back-like ridge above the surface. 
It is brownish compact saccbaroidal, and often almost wholly made up 
of Cretaceous fossils, the principal one of which resembles closely Ino
ceramus acutirostris, a fossil of the Cretaceous No; 2, of the Nebraska
section of Meek and Hayden. These ·limestones bear constantly a 
characteristic odor of petroleum. 

The usual Cretaceous fossils are found here and there through the 
middle shales, and appear quite numerous in the upper friable sand
stones. At one point in the latter, fossils, probably the Inoceramus bar
abini (Morton) of the Cretaceous ~o. 5 of Nebraska, were found. 

There thus appears to be a very striking resemblance between the 
general arrangement of these groups and the five divisions of the Cre
taceous, while the lower and upper sandstones present lithological char
acters remarkably similar to those of No. 1 and No. 5, respectively, of 
Hayden's divisions of the Cretaceous as present east of the mountains. 
The true equivalent of No. 3 may not have been recognized, and though 
the lnocerwmUts acutirostris (M. and H.) of the thin limestones which 
occur in the lower middle slates may indic,ate it as belonging to No. 2,. 
yet this horizon of calcareous sediment would seem, on other grounds,. 
to be the real representative of No.3, and is so given on sections 2 and 
3, Plate III. A complete examination of the fossils is needed to estab- · 
lish the true correlations. All these softer portions of the formation 
occupy the valleys, and are mostly covered with subsequent beds, ren
dering their characters not readily" studied, and not always clear. :(:be 
representatives of Nos. 2 and 4 are much more strikingly argillaceous. 
than along the east base of the range, and may be undistinguishable 
from one another unless the beds assumed as No. 3 occur distinctly 
enough to separate them. 

Though no fossils were observed in the lower siliceous sandstone, its 
relations to the beds above, as well as its lithological character, show 
it to be identical with the Cretaceous No. 1, east of the range. Near 
the entrance of the park, and on the Upper Muddy River, there was a 
much greater thickness of the redder and softer beds lying between the 
~ore characteristic quartzites of No. 1 and the arcluean rocks below,. 
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than in the remaining portions of the park. These may represent small 
portions of the Jurassic caught between the Cretaceous and the under
lying archrnan ; and if so, the Jurassic should be represented as occur
ring in the park. On the other hand, however, they do not strongly 
resemble the vai.'iegated arenaceous shales of the Upper Jurassic, which, 
both east of the range and west of the park, occur below "t_he Lower 
Cretaceous, while they do contain thick beds of siliceous sandstone 
very like those characterizing the undoubted No. 1, just above; and, 
moreover, in beds laid down upon a newly-prepared sea-:floor of far older 
and non-conformable rocks, as these were, unevennesses of the under
lyi.ng surface and corresponding abiupt changes of thickness of the 
newer beds are to be expected. I have, therefore, in view of these con
siderations, and in the absence of fossils, regarded these beds as form
ing a portion of the Cretaceous No.1. The transition between No.1 
and the slates above is abrupt, while the shales of No.4 and sandstones 
characterizing No.5 appear to· commingle, giving no marlied line of sep
aration between them. As was first distinctly pointed out by New
berry* east of the range, ;so here in the middle park, the general aspect 
of the formation as a whole is that of a "circle of deposition," an en
croaching shore-line deposit of sandstones attending slow submergence, 
followed by a deeper water sediment forming slates and shales, but not 
reaching sufficient depth or attainin~ the proper conditions to develop 
extended limestone deposits; in turn followed by a shallowing sea, with 
more arenaceous accumulations. The latter shallowing probably accom
panied, perhaps as an effect of t}:w same cause, the formation of a gen
tle anticlinal fold, found along the lower portion of the Grand River, 
and which occurred shortly after the deposition of the No.5 sandstones, 
and before the laying down of the next great sedimentary deposit, as 
will be seen later. 

A thin seam of coal occurs in the lower mid-cretaceous slates, a few 
hundred feet above the quartzitic sandstones of No. 1, at the Hot 
Springs, indicating that coal-forming conditions existed far below the 
usual lignite horizon just east of the range. The latter, as shown later, 
seems to be also found in the park, but very poorly indicated. 

DOLERI1.'IC BRECCIA.. 

Above the Cretaceous No.5 the next youngest rock is a local occur
rence of volcanic doleritic material, consisting partially of subaqueous
arranged material-dolerite, tuff, and breccia-and partially as accom
panying lava-flows; in all, reaching a maximum thickness of 800 or 900 
feet. 

THE LIGNITIC FORMATION OF THE PARK. 

Resting upon the latter when it occurs, but elsewhere upon Creta
ceous No.5, and apparently conformable with the latter, except at one 
point where there is a decided unconformability, is a serjes of beds 
which reach a thickness of about 5,500 feet. Not being capped with 
any beds following them in direct geological sequence, it is impossible 
to tell how much thicker they may originally have been, erosion having 
already removed an unknown amount of them. They are composed in 
part of sandy shales, in places more or le·ss argillaceous and quite soft, 
spaced rather regularly with more prominent and characteristic hori-

* American Assoc. meeting, Newport, R.I., 1860; also, later, Proc . .A.m. Assoc., Aug., 
1873, p. 185, &c. 



MARVTh'E.) GEOLOGY-GLACIAL OF MIDDLE PARK. 157 

zons of coarse sandstones, which are often inclined to grits and fine 
conglomerates. The texture of the latter is usually open and not firmly 
compacted, while the material of which they are composed is character
istically the debris of the archman rocks of the mountains, granitic de
bris prevailing. While some of the finer-grained massive beds are som
ber brown in color, the usual colors are light gray or whitish. Escarp
ments of the harder gravels, reaching 30 feet in height, separated by 
shaly slopes of 5 to 10 feet, often make up the hill-sides, while every few 
hundred feet in altitude a predominance of the more massive gravels 
bas caused the erosion to carve the whole formation into a series of high 
terrace-like steps, in places well defined, but in others indicated only by 
changes of steepness in the long, wavy, graceful slopes of the hills. It 
generally forms a high broken-terraced region. Impressions of decid
uous leaves are quite numerous at favorable localities and small isolated 
patches, and one or two thin seams of carbonaceous material were also 
observed. No other fossils were observeu in these beds. It has been 
strongly affected by the last great folding accompanying the formation . 
of the Rocky Mountains, portions of it being abruptly upturned, to
gether with the underlying sedimentary rocks. In position and char
acter, therefore, this group of beds appears to be the equivalent of the 
lignitic group east of the mountains. Here, as there, in view of the 
as yet disputed age of these beds, whether Cretaceous or Eocene-Ter
tiary, and to avoid possible error, the non-commital name of lignitic 
formation will be ·at present retained. These beds are intersected to 
their highest points by dikes of handsome light-gray, porphyritic 
trachite. · 

LAKE BEDS OF THE MIDDLE P ARIL 

After the lignitic there is a geological break, the beds next following 
being of far more recent age. These occur nowhere at the higher eleva
tions, but occupy all the lower basins. In these, and following the 
streams, they usually form broad, low terraces, often much cut by the lat
eral streams into isolated pieces or long even-topped tongues running out 
from the valley sides. Near the borders of these areas these beds often 
plainly show that their material was derived from the adjacent rock, 
often being of coarse granitic or schistose debris, or of the lignitic sand
stones worked over ; more frequently they are of finer sands and of 
characteristic marls of exceedingly white color. They are usually found 
resting on the arch man rocks, as along the Lower Grand, or on the softe~ 
shales of the Cretaceous, which, in former times, as now, afforded the 
weakest lines for erosion to work most successfully at, and which, there
fore, occupy nearly all of the lower areas. Along such lines, then, the 
streams cutting through these terraced beds, constantly expose beneath 
them the more or less upturned edges of the Middle Cretaceous beds. 
They show a thickness of probably not over 300 feet at any one point, 
though their vertical range seems to reach to or above a thousand feet. 
A few dips of ten, possibly of fifteen, degrees, were observed in them in 
the eastern portion of the park. Unfortunately no fossils were found 
in these beds, leaving a satisfactory determination of their age impos
sible, though they are undoubtedly very late, or, perhaps~ Post-tertiary. 
They may, following Dr. H ayden, be very appropriately called lake-beds. 

GLACIAL. 

In the Upper Grand, and at the base of the Blue River Mountains, 
are extensive glacial moraines. Though no good exposure was observed 
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proving the fact conclusively, yet the manner of their occurrence is such 
as to indicate that they were, in part, contemporaneous with the lake 
beds, the upper terraces of the latter apparently covering and mantling 
around their ends. 

Alluvial material occurs here and there adjacent to the streams, and 
may in places have been taken for lake beds, being probably the same 
material worked over. Indeed, the alluvium is in places the later pro
duct of the same or similar forces which prodt~ced the lake beds. 
With the alluvium should be classed the meadows inclosed by the gla
cial material. 

Basaltic lava covers wide areas, forming some of the highest points, 
wher·e it usually caps, as a protective covering, the lignitic sandstones, 
though it has also run down into the lower regions, covering large areas 
of the lake beds. 

Having spoken thus generally of the various rocks composing the 
Middle Park, their more special characters and distribution will now 
receive attention, taking up .in succession the various areas which com
pose the park. 

THE VALLEY OF THE UPPER GRAND. 

The North Fork of the Grand River occupies a profound valley lying 
between the southern end of the Medicine-Bow range, upon the west, 
and the Long's Peak group, of the main range, upon the east. Looking 
up this great valley from the south, the walls of rock seem to rise in great, 
abrupt,, ·but rather even, massive slopes to a pretty general mountain 
level on either hand, the bottom of aU the lower portion of the valley 
being quite fiat, and averaging about two miles in width. Within the 
valley, however, the numerous great gorges coming down from either 
side, chiefly froJ;U the east, so break up the apparent regularity of the 
sides as seen foreshortened from the south, that the impression is of a 
maze of rugged mountain spurs and canons. Those from the west are 
of lesser magnitude, the Medicine Bow crest being only from three to 
four miles west of mid-valley. At the n.orth this crest is a sharp and 
ragged ridge, but southward it becomes comparatively even and rounded 
in outline, a massive ridge, falling gradually until covered with lake 

. beds near the junction of the East Fork with the Main Grand. The east
ern valley side retains its ruggedness all the way to the East Fork. The 
principal drainage of the latter area is that collecting into Grand Lake, 
and is by a system of the profoundest mountain canons. 

All this surrounding mountain region is of the archrean rocks, schists, 
and gneisses. The few dips and strikes that I had opportunity to actu
ally observe, together with the impression obtained from the style of 
weathering of the rocks, indicated that the valley might be a great syn
clinal, but this is by no means certain. The apparent appropriate uni
formity of form and slope of the valley sides seems hardly a product of 
erosion, but as if the general .surface of the metamorphics had been cov
ered, as at the west, with sedimenpary rocks, perhaps the Cretaceous, 
and as if all bad then been folded together to form an anticlinal over 
the l\iedicine Bow, a synclinal in the Grand Valley, the latter probably 
originally determining the course of the drainage, and hence of the 
greatest erosion which has since removed all of the sediments, but not 
quite yet destroyed the general impress left by the fold upon the harder 
underlying rock. . 

All the main portion of the valley is occupied by a mass of . morainal 
matter, (see Fig. 9.) Below where the upper canon portions widen 
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into the flatter valley, the bottom becomes a swampy, grassy meadow, 
, between one and two miles broad. 'Some pretending gneissic masses show 

roche-moutonee forms. This meadow has a semicircular border at the 
south, where it is limited by a not very prominent, but well-defined termi
nal moraine, a a, (see figure.) Below this is a great mass of morainal 
matter, b, with a well-defined southeastern border, c c, indicating a medial 
moraine lying between the glacier which occupied the main valley, and 
that from the Grand Lake canons. The northern part of c, and the main 
portions of the mass b, are t'hrown into piles and ridges reaching altitudes 
probably 300 or 400 feet above the meadows. Its surface is exceedingly 
uneven, abrupt depressions, perhaps 60 feet in depth, existing here and 
there with no outlet, while the general tendency of the ridges is across the 
valley in semicircular forms, marking the stoppages . and accumulation 
of the material from the surface of the slowly-retiring glacier. Several 
small meadows are scattered in the lower portion iS of this mass. The trib
utary canons of Grand Lake also contain, I am info;r::med by Major Powell, 
equally strong evidences of glacier occupation, both in their erosion and 
morainal debris. A sm.all terminal incloses the lower end of Grand 
Lake, while the lake itself, though not well examined, ga~e the impres
sion of occupying a true rock basin of deep ice erosion. From the 
west end of the spur just south of the lake an exceedingly well-defined 
lateral moraine (d) commences, and extends southward nearly two 
miles. Though probably over 800 feet high where· it leaves the spur, 
it falls uniformly and evenly to its end. The southern end of ridge c is 
low but well defined. The North Fork cuts through it in a curious man
ner, bending back north ward to run along the upper side of the termi
nal moraine, ( e e;) also a low but well-marked ridge, through the eastern 
end of which the united streams pass. Below is a meadow, limited 
likewise on the south by still another but more prominent terminal 
moraine, (ff.) The eastern end of the latter moraine rests against a 
granite mass, while a small meadow lies below its adjacent portions. 
The upper end is rather confused with smaller side moraines. The cen
tral portion merges almost imperceptibly into the irregular morainal 
mass, (g,) which rises in low rolling hills and indefinite border from the 
flat terraced, sage-brush valley mat the south. 

All these morainal masses are covered with a scanty soil and a thick 
growth of pines. The latter have been blown down in all directions, 
often in great broad swaths, and as often · partially burned, rendering 
passing directly across the moraines, without resorting to the little open, 
marshy meadows, all but impossible. 

Good exposures of their rocky contents are not numerous. So far as 
observed the boulders seldom retain well-preserved scratches, much 
surface disintegration having taken place. Indeed, such is the general 
rule with all the glaciated rock masses of the Rocky Mountains. The 
roche-moutonee form is frequent, but the schi_sts and granites succumb 
earJy to surface disintegration, and there has not been, as at the East, a 
boulder clay or tuff to preserve them from weathering. It is rather a 
curious feature that the Grand, instead of passing through the lower 
portion of the valley occupied by the morainal mass, (g,) ·has cut a canon 
through the higher rolling spur of hard archrean rocks, (h.) 

The East Fork of the Grand commences as a well-defined open gorge 
at the base of Arapaho Peak, and running about north 25° east for 
nearly six miles, it gradually swings around to a nearly w~stward course 
near its mouth. Throughout this course this valley is exceedingly well 
defined. The tendency is to a U rather than a V form, indicating, as 
well as the usual scoring of the rocks, its glacial origin. The massive 
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a.nd rather uniform rocky slopes rise on the north to the rugged mount
ain mass of Long's Peak, and are cut by several deep canons, while on 
the south they emerge in great curves with the smoother and more pla
teau-like granite mass lying on that side. From the end of the massive 
spur, which comes down over this canon valley between two and three 
miles from its mouth, commences a great glacial moraine, as indicated 
at (i k) in figure. It is at first several hundred feet high, and presents 
a most rugged and uneven surface, with great irregular depressions and 
a. tendency to a parallel ridge structure. Enormous boulders, many 20 
feet upon a side, are found scattered upon its surface, while here, again, a 
maze of fallen timber lies around. It is rather singular to see the East 
Fork cutting a rather abrupt passage through this maRs at a point where 
it rises perhaps nearly a hundred feet above the stream on either side, 
while to the west the continuation of the main valley on to the Grand 
is perfectly free from obstructions, the soft surface soil rising but little 
above the stream. This fact would seem to have its explanation in the 
explanation of another singular fact, which is, that the main Grand, 
_rather than follow the main open valley west of the granite mass l, has 
cut a rugged canon through the latter as indicated in the figure. It 
would ·seem as if originally it had followed the former course, passing 
north and west of l, while the glacier, reaching to l, and being deflected 
northward by it, had a terminal moraine, which was but the extension 
of the lateral, the glacier stream having its natural outlet northward 
t.hrough it at some point k. Certainly the outlet of the East Fork could 
never be at k, if the original course of the Grand was through l, as it is 

.now, while it is inconceivable that the Grand should have selected the 
bard and higher spur l, in which to cut a channel, rather than the low 
depression occupied by soft sedimentary beds, except influenced by some 
abnormal cause. The cause that would seem to have deflected the Grand 
from the main valley to its present course would appear to be the flood 
of lava which has poured down from the region between Willow and 
Stillwater Creeks; (see map at head of chapter, Fig. 8.) As will be seen 
later, many of the hills are capped with remnants of this lava, while at 
many points it occurs low down, as if occupying former stream beds. 
These remnants, as shown in the figure (9) prove that this lava stream 
reached to the granite l, and occupied as high a level as it, as indicated 
by the table-topped hill near by. The small mass of lava on l appears. 
to occupy a little canon, probably that of a stream running from tbe 
granite mass on the south across l, northwestward to join the old course of 
the Grand. 

Thus dammed off by the flow of lava the accumulating waters rose in 
a lake, and escaping at the lowest point around the end of the lava,. 
gradually wore out the present channel through the granite. At that 
time, the waters must have passed through the channel k, but there was. 
probably sufficient water present to also wear the outlet between the 
end of the moraine k and the rock l, as the lower portion of the canon 
through the latter was slowly cut. If this explanation is the true one, 
and the facts, so far as known, admit of no other, this lava is more 
recent than the older glacial phenomena. Some of the lava near by 
seems even still younger than that here shown. A few miles farther 
down the Grand a small sheet rests on the gentle surface-slopes of lake
beds, apparently so recent that erosion has not yet had time to throw 
it into prominence by the wearing away of the softer beds on which it 
rests. · 

Another point seems explained by the action above described. The 
smalL area m, lying between ~he Grand and Stillwater, west of the roll-
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ing hill h, and south of the morainal mass g, is occupied by loose grav~l 
deposits covered with a fine dusty soil, which occur in a fiat terrace, ris
ing about 50 or 60 feet above the main stream. Near the center of this 
area is a low ridge which much more resembles the lake deposits farther 
down the Grand. No exposure showing .the actual relations between 
this ridge and the lower terraces was observed, but the general im
pression received was that the former was the older-a hill of erosion, 
surrounded by the more recent terraces. If so, the latter were probably 
deposited beneath the waters of the lake formed by the dam of lava, and 
filled up the previously eroded valley surface. 

The Grand, after leaving the small calion through the granite mass 
l, flows out into a fiat terraced basin, where it is joined by Willow Creek 
and the Frazier River, and which forms a portion of the most interest
ing geological region of the park, before describing ·which, however, we 
will turn to the drainage basin of the Frazier. 

THE FRAZIER BASIN. 

South of the East Fork of the Grand the westward mountain-slopes, 
as has been previously mentioned, are far more smoothly contoured and 
gently molded than north of that stream. These massive slopes fall to 
the area about the junction of the Frazier and Grand, and form a low 
northern side to the upper Frazier basin. Southward, the lateral ex
tension of the same slopes, which retain their former characters, descend 
from the main ·divide and form the east side of the basin. Sweeping 
around westward they fall from the Berthoud Pass ridges northward to · 
its southern border. The western border of the basin is more ridge
like, with accompanying hills ; is much lower than the east and south 
sides, but retaining a rather even top. 

The James Peak group stand at the southeastern corner of the basin, 
Mount Byers at its southwestern corner. The natural outlet of this 
basin is at the northw(2St corner, where the surrounding granite ridge 
rises scarcely 300 feet above the river in a broad gentle divide, passing 
over into the basin of the Grand, and across which the Berthoud, James 
Peak, and South Boulder trails, after uniting, pass to the Hot Springs. 

The Frazier, however, bas cut its outlet by a rugged and impassable 
calion-about six miles long and several hundred feet deep-through 
the spur· of metamorphic rocks a few miles east of this divide. All of 
these surrounding mountain-slopes are of the metamorphic crystalline 
archman rocks. · Their contours seem to indicate a surface of former 
subaqueous denudation, covered subsequently with sedimentary rocks, 
which have not so very recently been entirely eroded away, leaving 
their impress still on the underlying rock surfaces. Indeed, some ap
pearances upon the western side of the basin would seem to indicate 
that patches of such sedimentary rocks may still remain, though they 
were not visited.* 

Glacial action alone could never have effected such wide-spread uni
formity of character:. 

All the fiat lower central portions of this basin, forming an area ap
proximately five miles in diameter, are occupied by sedimentary rocks 
which have been eroded into distinct though low terraces. The dis
tribution of trees is here quite marked, being confined to the granite 
slopes, and apparently to above a certainlevel on the higher terraces, 

"Major Powell informs me that he found some small areas of siliceous sandstones, 
probably Cretaceous No. 1, thus resting on both sides of the western ridge of the Fra
zier basin. 

11 G S 
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· tpough these pine-covered areas may, in part, be granite bosses rising 
above the surrounding beds. All the lower terraces and bottoms are 
free from timber. Between the terraced filling may still exist remnants 
of the sedimentary rocks which probably originally filled the basin. 
The only sedimentary rocks examined, however, were along its northern 
border. East of where the Frazier River enters its canon, and along 
the stream: followed by the Boulder Pass road, there are a few expost1res 
which the stream has cut out of the adjacent terraces. One, about a 
mile east of the canon mouth, is between 60 and 80 feet high, and is 
composed of light-drab sandy beds, weathering white, from four to 
eighteen inches thick, mostly somewhat indurated; considerable clayey 
sand, and some lenticular bodies of gravel. Pebbles in the latter are of 
gneissic and granitic rocks, reaching two inches in diameter. Some of 
the sand is quite fine, with scattered pebbles, and some layers of grains 
of c.halcedonic or agate-like quartz. 

The dip of all is from 50 to 100 to southwest. This branch of the 
Frazier River lies mostly in these beds, but at a few points near the 
granites on the north it cuts through little southward-projecting points 
of the latter which are surrounded by the sediments. The lower river 
terraces have much sage-brush sprinkled over them. In the northwest
ern corner of the basin, from two and a half to three miles west of the 
canon entrance, the low hill-slopes near the road show some dull, dark, 
somber, brown-colored sandstones of coarse texture, which dip 8° or 10° 
to the southwest. They are at first composed mostly of quartz and 
fieldspar, with some mica, debris from the surrounding metamorphic 
rocks; but farther on small pieces of red and whitish sandstone occur, 
growing larger as one advances, till frequently one-half to one inch in 
diameter, and usually brecciated rather than rounded. They are prob
ably derived from the hard sandstones of Cretaceous No.1, which occur 
farther on, and show that these beds of the Frazier do not belong to 
the older sedimentary series of the park, while their general characters 
indicate that they are very recent, probably the same as the usual lake 
beds, and derived from ~he rocks immediately around. The fact that 
these recent beds incline slightly is interesting. 

A bout th{ee miles from the canon the road passes from these beds to 
the smoothed granite region of the low divide, and passes over into 
another portion of the grand drainage, to which we will now turu. 

THE REGION IN THE VICINITY OF THE HOT SPRINGS. 

The region that will next attract our attention is shown in the .accom
panying map, (Fig. 10,) the relations of which to the park in general 
may be seen by glancing at the general map, (Fig. 8.) A section (A. B) · 
across the Rame is given on Plate III, section 1, which shows, also, the 
character of the country lying north of the section. 

It is but a mile or two after leaving the sandstones of the Frazier 
basin, across the low granite divide just spoken of, to where the road 
enters the lower side of the map. It soon divides the right-hand trail 
going to Grand Lake, the left-hand road continuing on to the Hot 
Springs. Following the latter a little past the branching,. some of the 
recent sandstones, similar to those just left, appear upqn the granites, 
followed by a small ridge of a hard white sandstone, dipping at an 
angle of 55° to the northwest. The exposure is small, and the outcrop 
was not observed extending toward the hills to the southwest. Follow
ing along the exposure over the ridge to the northeast, and in the valley 
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Section ten miles southeast of the Hot Springs, near tho junction 9f the Grand Lake and 
Hot Springs roads, Middle Park. 
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followed by the Grand Lake road, a better cross-section is exposed along 
the road as follows : 

Section of Cretaceous No. 1, near junction of Hot Springs-and Gmnd Lake roads, entranCI' Qj 
Middle Park. 

Nature of strata. 

Strike about north 20° east, clip about 350 northwest. 

Doleritic lava ....•....••.........•.....................••••.....••..... 
Covered •.......•....................................................••. 
Sandstone, white and yellow, fine, gritty, siliceous, iron-stained .......... . 
Covered, red soil, deb1·is of soft brown sandstone, and near base of purple 

shale and some limestone .............................................. . 
Sandstone, massive, white, some cream-colored, red blotches, siliceou8, 

gritty ............ - ... -. --- ... -·--- ·----- -·- · ·- · · ·· ·· · · ·• · · · · · · · · · ·-- · · 
~ red soil .....................•........ _ ......•....•....... _. . .~t.o • 

Covered l ~~1!-i; -~i b~~~~ ·;;~d~t~~~ -~~d. fi~~ ~b·e~t;· ii~~~t~~~ ~ ~:::: ~ ~ ~ ~ ~ ~ ~ 
Ridge; white, fine, gritty, siliceous sandstone, some cream-colored and red. 
Covered, red soil, (reel shaly sandstones ~) ................................ I 
Coarse gray granite, considerable mica, obscure gneissic structure. Strike :::!:: I 

north 35° east, clip 50°-SOO southeast. 
I 

~ 

Estimated 
thickness. 

Feet. 

15 
150 

. 125 

225 

80 
50 

150 
100 
100 
60 

This section would indicate a thickness of about a thousand feet for those 
beus, and affords an example of the greater thickness which I suppose the 
lower Cretaceous beds occasionally attain. But ten miles to the north
west, at the Ilot Springs, a thickness of only about 360 or 400 feet is in
dicated, but the same general characters are there found as here. The lava 
forming the top is composed of a dull, dirty gray, fine granular matrix, 
with numerous black, quite weli-formed crystals of augite scattered 
tllrough the mass. It weathers a dirty brown, with narrow white seams 
two or three inches apart, parallel with the bedding, and speckled with 
black augite crystals, as well as by both rusty and white-colored spots. 
It is probably a dike occupying the line of junction between tbe hard 
sandstones and the softer Cretaceous shales, which probably occur im
mediately above, though they are not here exposed. At one or two 
other points in the park the weak point between the sandstones of 
No. 1 and shales of No. 2 have afforded a very natural outlet for erup
tive matter, and such is probably the case here. After passing across 
this section the Grand Lake road leaves the stream, and, turning to the 
right along the outcrop, passes up a small valley, having the little ridge 
of dolerite lava on the right. From the lava ridge, and on either side 
of the main stream, is a steep slope rising to the summit of a terrace. 
The channel of the stream passes into this, cutting a sharp V-shaped 
gorge, the east side of which rises some 50 feet higher than the general 
level of the west side. The material of this terrace thus cut through · 
by the stream is coarse angular debris, of highly micaceous schistose 
gneiss, of the dirty-red and black-banded va.riety, and some granite. 
On the summit some large masses indicate that these metamorphic 
rocks are in place. These facts would indicate that a fault had been 
passed; one which had thrown tlie outcrop of sandstone just described 
downward on the southeast side, bringing the granite upward on the 
northwest side, as in the accompanying section, Fig. 11, the position of 
which is shown by the line 0 D, Fig. 10. 

Passing on northwest, the coarse debris terrace is found to fall in 
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three pretty-well defined steps of about 90, 140, and 80 feet respectively, 
to a stream, on the opposite side of which is a low-terraced treeless 
park, about three miles broad, rising in rounded slopes to a ridge capped 
with a broken pallisade beyond. 

On the left (southwest) the terraces abut against and run out from a 
bill which looks off in the same valley, and on its northern sides lie the 
same sandstones, dipping northwestward at an agle of 35° with the bed 
of dolerite lava on their top just as before. See section E, Fig. 10 and Fig. 
11. Low terraces abut against the lava and run out occupying the valley 
basin beneath which, however, as we will see later, lie the Cretaceous 
shales. The hill and region I:ving south of E was not.personally ex
amined, and, while the sandstones may mantle over it, it is apparently 
of granitic rocks as indicated on the map. On the right, also, and a 
few miles in an opposite direction to E, similar beds may be seen like
wise dipping westward beneath the main valley. 

Returning to the Grand Lake road and following it northward , it is 
found to pass over into the head of another valley leading down to near 
the moutlt'of the Frazier Canon. On the right (east) is the ridge formed 
by the edges of the sandstones resting on granite below, and dipping 
down underneath the trail. Near the l!""'razier these edges overhang 
the canon and form the top of its western wall. Beneath the valley 
through which the road passes, however, the beds are flexed, forming a 
synclinal of the valley and an anticlinal of the ridge just west of it, (see 
section 1, or A B,) the western slope of which, just as at E, dipping 
westward beneath the terraced valley. The mouth of the Frazier Canon 
is through the ridge of upturned sandstones, after which the valley opens 
somewhat, with terraced lake-beds before entering the main valley. 
The exposure upon the west side of the canon gave the following section 
(at B, section 1, Plate III.) 

Section of No. 1 Ore~aceous at the mouth of the Frazier Canon. 

Kature of strata. Thick
ness. 

Feet. 
Covered hill-slope, inclining west, facing east, dipping west into hill15° , very 

compact, hard siiiceous sandstone, mostly white, gritty. _____ . ____ .... _ .•• _. 40 
Covered debris of brown sandstone, and compact blue-gray limestone _______ . 80 
Sandstones, reddish, thin-bedded, some shales . ____ •.... __ .••.. ____ .. __ . _. _.. 25 
Compact gmy-blue limestone, somewhat cherty, blotched ·- ____ .. _ --. ___ .. __ . 2 
Sandstones, in 2 to 5 feet beds, white to yellow pink shales _____ ... ___ . ____ . __ . 30 
Covered, debris of snuff-colored and rusty brown sandstone __ . ______ . __ . _ _ _ _ _ 85 
Gray, rather granular granite, with but little mica, containing very large scat-

tered crystal of feldspar to river. 

These beds are probably liable to considerable local changes, both in 
characters and thicknesses. They are probably the same as a portion of 
the lower _beds of the preceding section, the higher ones having been 
here swept away by erosion., and being found west. Crossing the Fra
zier northward, station LVIII is found upon a hill of the siliceous 
sandstones. Its surface has a gentle eastward slope, the sandstones 
dipping also east, but curving up again they are found lying as usual 
on the granites, thus forming a little synclinal. The upturned edges of 
these sandstones are leveled off in a peculiar way, being evened off 
with tbe granites behind them. (See section ·near B.) The west side of 
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Fig. 12. 

Lake Beds, four miles southeast of junction of Frazier and Grand Rivers. 
Dip 10° east.- W. H. Holmes. 
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hill LVIII is abrupt, and shows in its upper portions the edges of the· 
sandstones, with, at' the base, some granite and gneiss beneath them, 
and again, just west, but lying low in the stream, some of apparently 
the same sandstones, but gently inclining west. In other words, a fault 
passes at the west base of LVIII, in which the east side has been ele
vated, and which is probably the equivalent of the anticlinal just south, 
and the fault still fa,rther south, near the Hot Spring road. 

The terraces mantle about the· west and north base ofL VIII, concealing 
its sandstones in these directions, but the main ridge of sandstones rest
ing on the granites continues on northward to the Grand River. The
ridge is not prominent-the sandstones dipping steeper than farther· 
south, reaching 450-while from it the nearly horizontal lake-beds, which· 
reach high upon it, sweep out between the Grand and Frazier Rivers in: 
many long, low terraces. 1'he ridge of Cretaceous sandstones is lost be
neath these lake-beds near the Grand, where the latter issues from its short · 
canon through the granite mass below where the East Fork joins the main 
stream ( Z) of the map of the moraines of the Upper Grand. The sandstone 
ridge does not appear lying on this granite, the lake-beds surrounding it 
instead. At the north, and jut>t without the map on the right, are the 
valley of the Upper Grand and the south end of the 1\:iedicine Bow 
ridge. Near \Villow Ureek and the GranJ the lake-beds predominate 
also. The north side of the Grand is lined pretty continually with two 
low terraces of white lake-beds lying from a quarter to a half mile from 
the stream, the country rising from them in long slopes, and rounded 
hills lying between it and \Viilow Creek. A fine, dirty, dark, basaltic 
lava lies at one or two points on the upper terrace, and appears also to 
cap the hills, while much of the terraces are coYered with lava fragments 
and jaspery pebbles. The small patches of la,va near. the mouth of Wil
low Creek occur but little above the stream, and seem to cap low sur
faces, dipping gently to the northeast. East of these the larger area 
near the edge of the map is a mesa, or table-hill, capped with lava. (See 
section.) 

Ascending Willow Creek, tbe beds of the valley are apparently of the 
usual lake-beds. Where the dip of 50 east is indicated there occurs, 
among light-gray sandstones, white marls, and other beds, a more indu
rated bed of semi. compacted gravel, in the composition of which pebbles of 

• Java, often scoriaceous and up to four inches in diameter, enter largely, 
- as well as metamorphic rocks. While considerable false bedding occur~, 

the general dip seems to be 50 or 100 to t,be east, a little north. 
tTust above, in some similar light-gray crumbling sandstones, a dip of 
10°-15° northeast was observed. While the hills seem lava-topped, 
much basaltic lava here occurs in the valley also. At first a tongue of 
a dark, decomposing irregular lava touches the river from the north, 
but above the river is lined more continuously on the north side with a 
very irregular, red, brown, and black lava rock, often having the appear
ance of a consolidated mud. On the south, the rounded hills rise more 
abruptly, but still seem lava-capped. A little farther up the lava occu
pies both banks, and appears as if coming from an extensive flow on the 
north and east, the eastern tongues of which cap ridges running out to
ward Stillwater Ureek. At the north rise bills adjacent to the l\:iedi
cine Bow ridge, which show somewhat in the section, but which will be 
referred to later. 
, We have see.n that between the Frazier and Grand are the long, low 
terraces, and that. they also occupy most of the area-drained by the 
main tributary of the Lower Frazier, and that near the metamorphic 
rock, at one or two points, they are composed of coarse debris, with 
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some finer uncompacted sediments. Farther out they are of soft, 
crumbling, white marls, wiLh surfaces usually sprinkled with bould
ers, often quite large pieces of metamorphic rocks, as remnants of a 
bed which had existed above the present surfaces, and had been eroded 
away. It was in this neighborhood that the following section, Fig. 12, 
was observed and illustrated by 1\fr. Holmes, when accompanying Dr. 
Hayden's party, and shows well the characteristic weathering of these 
soft beds when exposed, as sometimes happens, in a cliff. Here also is 
an inclination in these recent beds of ·10° to the east. Thus, a greater 
part of the eastern corner of the map is of lake-beds, in part covered 
with basaltic lava, and at the east abutting against an outcropping fold 
and ridge of Cretaceous sandstones, which dip west beneath them, and 
rest on metamorphic rocks. They form a flat terraced and treeless val
ley, but at the north and west rise in higher bulky hills. Just west of 
the junction of the Frazier with the Grand rises an abrupt, sharp, well
defined ridge, several hundred feet high, which is broken through by the 
river in a narrow gate-way. Just outsi<.le of this gate-way, at the north 
side of the stream, and directly beneath the ridge, tllere are exposed by 
the ravines cutting through the terrace<i lake-beds, a thickness of about 
300 feet of brown concretionary, friable sandstones-the characteristic 
features of Cretaceous No. 5-and which yielded an Inoceramus and 
joints of Bcwulites. These beds dip westward beneath the ridge at an 
angle of 25°. The gate-way exposes the larger ridge to be composed of 
a rough, sedimentary aggregate of volcanic material; a series of con
glomerate~, breccias, sands, and irregular material, of which the most 
distinct rock is of a doleritic character, consisting of a gray granular 
base, containing occasional small crystals of a trichinic feldspar, and 
more numerous, larger, and well-defined crystals of augite. Tbi~ more 
compact portion is a similar rock to the lava dike resting in the siliceous 
sandstones near the entrance of the park. 

This volcanic detrital series attains an estimated thickness of from 800 
to 900 feet; the lower part being a massive accumulation, ~nd not show
ing distinct stratification, the upper part being well bedded, and often of 
fine materials. These strike nearly north and south, and dip westward 
at an angle of 60°, though the higher portion of the ridge on the south 
shqws an abrupt bend, dipping but 25o or soo west, (see section.) 

Passing down-stream through this gate-way, the valley again opens 
O\lt, but its character changes entirely. The beds that lie above the 
doleritic breccia and sands, though likewise abruptly turned up and 
dipping west immediately. adjacent to them, suddenly become nearly 

• horizontal, with a gentle northern dip, and form, all along the north 
·side of the Grand, a series of regular and high terraces running in long 
tongues out toward the river. 

There are two principal terraces, the lower one nsmg nearly a 
th9usand feet, and attaining this level between one and two miles back 
from tile river. Harder beds on its face break up the front slope of this 
terrace, tending to mold its face into minor terraces two or three 
hundred feet high. . 

The second terrace .stands about a half mile back from the edge of 
the lower one, and rises in a more even slope, unbroken by intermediate 
beds, to an altitude of about a thousand feet above it. The accom
panying section, Fig. 13, gives an idea of the profile of these well-marked 
terraces, which attract attention even from Long's Peak far to the east. 

Back a few miles rises still another terrace, estimated at about half 
the height of the last one, or about 500 feet. Estimating that there 
were at this point about 100 feet of beds beneath the river, and be-



II'" 

Pig. 13 . 

~ 

~ 

~ ~, .. ~ . ---~ - ~. ~~ ~--;-~~/ . 

------------~ - --== -----________. --~ ----·- --

~ 

~ 
<::,') 
<::,') 
ell 

~s. Section..F 

Profile of Lignitic Terraces .on nort.h .s ide of Grand River four miles a hove the Hot Springs, Mi1ldle Parle 

\ / 

N
[See sec. F . Fig. 10.] 



Fig. 14. 

Volcanic Breccia Bed, one-half mile north of Grand River, above the Hot 
Springs, Middle Park.-W. H. Holmes. 
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·tween it and the volcanic breccia, there occurs here a thickness of about 
2,700 feet of sedimentary rocks lying above the breccia bed. The ravines 
from the north cut deep into these terraces, breaking them up into promon
tories with squarish fortification-like fronts facing the river. Upon the 
south side of the river these features are far less defined, and here only 
thelowerand softer beds occur, while the northward dip increases. The 
valley, after passing the breccia bed, is quite open, the river being lined 
with much beautiful bottom-land. Below the gate-way some of the lava 
appeared to outcrop low down near the, r.iver, but its relations were not 
,examined. , 

These terraced beds are of the characteristic lignitic group, and are 
very different lithologically from the undoubted Cretaceous beds lying 
below the breccia. Nearly all the exposures here show them to be sand
stones, the more prominent ones, or those which give the terrace-form 
to the eroded beds, being mostly grits, quite coarse, often becoming con
glomerate, not very :firmly cemented, and composed almost wholly of 
granitic and metamorphic debris, (except that the mica is naturally ab
sent,) while feldspar crystals, sometimes retaining much of their form, 
occur. The color is mostly somber dark brown, though some are quite 
white. Some finer and more compact beds occur, with occasional fossil 
leaves. 

In descending the Grand, the terraced beds on either hand are found 
to become slightly inclined to the northeast, amounting perhaps to about 
10°, the river thus passing down through the lower beds as before it 
passed up through these, until at about four miles in a straight line 
from the upper gate-way, another and somewhat similar passage is found 
by which the river again breaks through a ridge of precisely the same ma
terial as before. It is, in fact, the same bed again appearing to view from 
beneath the same lignitic sandstones, the strike being about northwest 
.and southeast, but the dip about 15o to t.he northeast, the bed there
fore being folded into a synclinal form, the east side being bent down
ward more abruptly than the western side. .As before much of this 
series is massive, or wholly indefinitely bedded, and some compact lava 
{)Ccurs, as if of distinct lava-flows. The latter seems to be doleritic, 
crystals of augite being quite frequent, though some is more basaltic, 
being :fine, and quite homqgeneous. Most, however, is of a distinct 
conglomerate and breccia, some very coarse, of pebbles like the accom
panying lava, many scoriaceous, while much is of fine material, finely 
21nd evenly bedded. Their total thickness was estimated at about 800 
feet at .this point. The accompanying sketch, Fig. 14, of an exposure 
about half a mile north of this gate-way was made. by Mr. Holmes, 
and shows the distinct. bedded nature of this volcanic ash, &c. 

THE NONCONFORMITY AT THE HOT SPRINGS, l\HDDLE PARK. 

Passing through the short break by which the stream cuts through 
this ridge, the western edges of its gently eastward-dipping beds are 
found extending northwest and southeast as a continuous line of black 
palisades which look down upon valleys tributary on either side of the 
Grand, that at the south being wider and flatter than the one from the 
north. 

Regarding for a moment the section found immediately along the 
'Grand, (see Plate III, section 1,) there appears above the alluvium on the 
north side of the stream, and a little west of, and nearly parallel to, the 
breccia ridge, a hog-back like ridge of sandstones which dip at an angle 
·Of 25° or 30° northeast below the breccia. Some baculites were found 
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in the sandstones which are undoubtedly the equivalents of the beds that 
bear similar fossils and lie below the breccia east of the upper gate-wayt 
and near the junction of the Grand and Frazier. It is Cretaceous No. '5. 
This ridge extends a mile or more from the river, gradually flattening and 
bending westward. Following down the stream, nothing but river allu
vium is found for nearly a mile, when, along its southern bank beneath the 
alluvium, there are exposed some 800 feet of black clay, shales, and slat est 
at first dipping up-stream only 200, but increasing to 400 fatther down. 
After passing these slates the riyer breaks through another ridge, but 
this time of the quartzite and siliceous conglomerates rising out from be
neath the shales, and, like them, dipping 300 up-stream. Behind the first 
ridge some small longitudinal valleys, with minor ridges of quartzite and 
siliceous conglomerates with dip lessening to 200 occur, while from 600 to· 
700 feet oelow, where the quartzite hog-back is first met, the river passes. 
into a canon cut in a smooth-topped masS' of reddish granitic gneiss, thus 
giving an actual thickness for the quartzite series of about 360 feet. 
These beds are the Cretaceous No. 1, the shales above being No. 2, while 
directly on the line between the two issue the well-known Hot Sulphur 
Springs of the Middle Park. 

From the granite, upon the eastern edge of the map, to the granite 
below .. the Hot Springs upon the western edge, the line of the Grand 

. River passes, therefore, directly across, at least so far as the granites, 
the Cretaceous, and the volcanic breccia bed are concerned, a synclinal 
fold, the eastern side of which bas some minor flexures, (see section.) 
Not so the lignitic beds, however. Immediately above the Hot Springs, 
Mount Bross rises abruptly for over 1,500 feet. It is composed through
out of the characteristic lignitic beds, mainly coarse grits and sand
stones, yellow, gray, ·and white, with laminated arenaceous shales,. 
which contain many fossil leaves, barely, if any, disturbed from a hori
zontal position. Though direct contact between these and the Creta
ceous in the river at their base was uot observed, the position of the 
mountain is such that its beds must rest unconformably upon the up
tu:~ned and eroded edges of the Cretaceous sandstones and shales below. 
As may be seen in the section, the tops of the great terraces above the 
lower gate-way of the Grand sweep in long slopes up to White Face· 
Mountain, which is also composed of the lignitic beds, slightly inclined 
and capped with recent basaltic lavas, which will be spoken of later. 
The southern face of the mountain is steep, and beneath it the north
west extremity of the hreccia ridge disappears. Around the latter· 
appear to sweep the lignitic beds, and to connect directly by a high 
ridge the west spur of White Face with Mount Bross, throughout which 
ridge the lignitic strata appear nearly, if not quite, horizontal. The 
western end of the hog-back like ridge of No.5 sandstone, about a mile· 
above the Hot Springs, likewise seems to disappear beneath t,he eastern 
side of Mount Bross, apparently surrounded by its horizontal beds, as. 
is the end of the breccia ridge by the similar beds of the White Face 
mass. Mount BroRs itself shows an indistinct terrace form, though not 
wen pronounced, and its lower terraces in tbe west run out and appear 
to quite cover ~he quartzites of No. 1,. if not to reach to and rest directly 
upon the gran1tcs beyond. 

These facts clearly show that ht>re was a local folding of the rocks 
which occurred before the lignitic formation commenced to be laid down, 
and probably close upon the completion of the deposit of the friable and 
concretionary sandstones which have been designated as No.5. Closely 
connected with this folding, and probably an effect of the same cause,.. 
was the eruption of the material which forms the breccia-bed. 
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As the Hot Spring fold gradually rose, the edges of the Cretaceous and 
of the breccia must have been eroded back to where the latter was 
nearly horizontal, before the lignitic beds were deposited upon their 
edges. This state of things is shown in the following diagram, Fig. l5, 
in the western end of which, near the springs, the dips are as they now 
exist, indicating the flexure to be as shown by the dotted lines: · 

Since the Eocene beds in and on the west side of the breccia synclinal 
are inclined eastward with the breccia slightly, some movement must 
also have taken place since their deposition. This probably occurred at 
the same time that the east side of the synclinal was upturned, which 
obviously .. took place after the lignitic period, for upon this side the lig
nitic beds are everywhere upturned steeply with the breccia and Creta
ceous below. This was at the great mountain-forming periQd, when the 
greatest recentfolding of the Rockies occurred. It was at this time, 
probably, that the rocks of No.5, as shown in the hog-back ridge abpve 
the Hot Springs, were inclined from a flatter dip to their present dip of 
25o or 30o, while this later fold seems to be also indicated by a very 
gentle anticlinal appearance beneath White Face Mountain. 

Let us turn to the evidence of this unconformability between the Cre
taceous and lignitic south of the Grand River. The Grand flows close 
to the southeast base of Mount Bross. On the south side of the river 
there is no corresponding eminence, the tributary from t,hat side of the 
stream occupying a rather flat and ope.n valley. The edges of the 

• breccia ridge line this valley on the northeast, and following them along 
they are found to swing eastward and then northward, joining the 
southward extension of the upper breccia ridge of the Grand. In other 
words, the breccia outcrop is continuous throughout, showing the fold 
to be a synclinal, with its axis dipping northwest, thus exposing the 
edges of the bed in the form of. a great spoon, with the point directed 
southeastward, and filled with the lignitic beds in terrace form, the 
eastern side being bent up much steeper than the western one. The 
map shows this clearly, while it is far better presented pictorially in the 
accompanying sketch, Fig. 16, made by Mr. Holmes from points upon 
:Mount Bross. The terraces and breccia palisades, with the many pic
turesque accessories of the region, as seen from this point, form a very 
interesting as well as beautiful view. 

Thus the lignitic beds do not lap over and cover the edges of the 
breccia south of the river as they do between 1\Iount Bros~ and vVhite 
Face south of it. South of the valley, and opposed to the breccia palis
ades, however, the lignitic again occurs, the edges of the nearly horizon
tal beds appearing on the rather steep slopes leading up to station LIV. 
From this point the spurs of the LIV ridge extend west~ard toward 
the granite canon below the Hot Springs, showing very indistinct terrace
forms, but sufficient to indicate a very nearly horizontal bedding 
throughout. In the valley, at their northern base, and· southeast of the 
springs, however, are two or three ridges of cretaceous sandstones out
cropping from the otherwise soil-covered valley. These dip eastward 
toward the breccia ridge, and trend toward the lignitic mass on the south 
in such a way, and approach so near to it, that, though no direct con
tact was seen, they must pass unconformably beneath it, (see sketch.) 
Two or three miles west of these ridges, and nearly a mile west of where 
the quartzites of No. 1 would appear to pass the lignitic beds, and but 
little south of the canon, the western extension of the LIV mass shows 
the characteristic coarse brown sandstones of the lignitic in a precipice 
two or three hundred feet high, dipping 100 or 120 to the south. These 
sandstones must here rest directly on the granite. 
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What a;ppeared to indicate unconformability occurred at one other 
point. Leaving the Hot Springs and following the road southeastward, 
we pass over a gentle saddle, having the breccia palisades on the left, 
and the lignitic rising to LIV on the right, and proceed on to where the 
road first enters the portion of the park that we have been considering. 
Standing upori the outcropping ridge of Cretaceous quartzites, E, before 
described, and looking southwestward, there lies on theleftahillyregion, 
apparently of the metamorphic rocks, and up~m the right the flattish 
valley oecupied mainly by terraced lake-beds. Across the line of vision 
extends the ridge on the northern end of which station LIV stands. 
From the station the top of the ridge lowers very slightly in going south 
in a long convex curve, rising in about six miles to a somewhat higher 
point. The whole east face of this ridge is steep, and shows the edges 
of the lignitic beds which compose it, and which dip, like the top, very 
gently south at the north end and north at the south end .. 

At the E\IDaH notch which ends this part of tbe ridge at the south, 
the contour of the ridge changes, and all the rest of the way on up to 
1\fount Byers, of which it is a continuation and spur, it appears to be of 
t he metamorphic rocks. In the line of vision, however, at the base of 
this ridge, and near where the lignitic .appears to rest on the metamor
phic, is a small ridge like the ridge E, and apparently of the same rock 
outcropped in the same manner. If so, the Cretaceous quartzite would 
here also pass unconformably beneath the but slightly-disturbed lignitic 
beds. I have already expressed the uncertainty of the nature of the . 
hills lying southeast of the point last mentioned and E, and border
ing the west side of the Frazier basin. Some ridges here are not decid
edly of metamorphic outline, but may contain patches of the Cretaceous 
quartzites with which, as before remarked, the contour of the spurs would 
indicate that they were once all covered. 

In the low region nea1; the point of the breccia "spoon," and near E, 
are a few small hills or ridges of doleritic lava, like that composing the 
breccia bed. They appear irregular in their mode of occurrence, not 
bedded, but more like dikes. Precisely the same lava has been men
tioned as occurring on the summit of the Cretaceous quartzites in sections 
C, D, and E. It would appear as if these were quite likely the points of 
outlet for the · material.JV hieh composes th~ breccia bed; that above them 
at the then surface of the country were actual rents, possibly volcanoes, 
from wltich issued the lava and ash and breccia which now lie between 
the Cretaceous and lignitic beds. If so, these rents have been most 
completely swept away by erosion, part of which quite probably taking 
place immediately after the deposition of the main portion of the bed, 
and before covered with the lignitic beds, for some of the lower lignitic 
beds in the breccia " spoon" contain volcanic debris along with their 
usual metamorphic constituents. Moreover, the breccia thins in going 
northward, the thickness where it crosses Willow Creek being less than 
where it crosses the Grand. 

WILLIAMS RIVER VALLEY. 

From the western side o£ the lignitic portion of the L IV ridge, its 
indistinctly-terraced spurs appear to break off indefinitely into the val
ley of Williams River, but whether the beds dip gently down beneath 
the lake-beds, which occupy all the lower parts of this valley, was not 
ascertained. 

The Grand, after cutting an irregular canon through the flat-surfaced 
granite mass below the Hot Springs, enters this lake-bed region ab~ut 
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four miles below the Springs. These extend in broad terraced surfaces 
far up the Williams River Valley, forming aU the flat lower and treeless 
portion of the valley. The southern and eastern borders of .the valley 
appear to be wholly of metamorphic rocks, which rise in massive spurs 
and slopes to the }\fount Byers ridge; and though the upper canons of 
this drainage cut deeply into these rocks, a uniformity of contour is 
pretty well preserved among the great spurs. Though not examined 
directly~ some appearances on the eastern border of this valley .seem to 
indicate the presence of the lower Cretaceous beds resting on the arch
man rocks. The western side of the valley is of the lignitic beds which 
comj.wse the Williams River Mountains, and which dip gently north
eastward and probably beneath the lake-beds of mid-valley. At the 
south a great north and south fault occurs, in which the west side has 
dropped several thousand feet, leaving the metamorphics on the east 
and the lignitic on the west. The fault probably dies out in coming 
north. It will be refe:~;red to more in detail when speaking of the geol
ogy of the Blue River Valley. The details of the Williams River Valley 
were not studied. 

THE NORTHERN LIGNITIC AREA. 

The lignitic beds which have been described as occupying the '~ brec
cia basin" above the Hot Springs, and as lying unconformably upon 
its western arm as well as upon the Cretaceous below in the nearly hori
zontal beds of Mount Bross, spread out in their northern extension, and 
form the greatest continuous area occupied by any one geological forma
hi on expressed upon the map, except that covered by the arch man rocks. 
Throughout this area, except along its eastern edge, the rocks are but 
very slightly disturbed, their inclination being generally less than ten 
degrees and being in various directions, th~mgh mostly northward. 

Though the region as a whole is one of elevation, its surface is uneven 
antl rises in four principal masses, whic.h stand. high above the interme
diate country. This unevenness is due wholly to the erosion having 
eaten farther down into the mass of nearly horizontal beds in certain 
areas than in ot+ters, and this erosion has been thus directed along these 
channels by the intrusion of , eruptive rocks rather than by more pro
found structural causes, as folding, &c. The southernmost and lowest 
of these four elevated points is the \Vhite Face and Coral Peak mass, 
lying a few miles north of the Hot Springs, which bas withstood erosion 
better than the surrounding country, and hence retained its elevation 
in virtue of the protective cap of hard basaltic lava which here covers 
the softer lignitic sandstones. The divide between the middle and north 
parks is also naturally elevated, but it attains special height at two 
points : one, Park View Peak, which, though higher .than any of the 
others, is composed of a smaller mass, and hence has more abrupt slopes; 
and another, the great mesa-like mountain mass lying west of the Park 
View, and between the head-waters of the Troublesome and the Muddy. 
This latter elevation is due to a great capping :flood of basaltic lavas 
covering the lignitic, while Park View and the divide adjacent, though 
having no lava-cap, is intersected by great dikes of porphyritic tra
chyte, which give to it its sharpness as compared with the other and 
lava-capped masses. The fourth elevated mass of lignitic strata is the 
high and exceedingly even-topped ridge which is almost completely sur
rounded by Willow Creek and its principal eastern branches. Though 
unvisited, this ridge appeared to be caused .less by the presence of erup· 
tive rock than by the fact that the drainage, and hence the erosion, had 
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been directed away from it because of its being somewhat upturned 
against the Medicine Bow ridge of .. metamorpbic rock lying just east 
of it. 

From these four masses the country descends in slopes, which ·are 
broken up into innumerable small ridges, to the main drainage of Wil
low and Troublesome Creeks. There is a tendency throughout to a ter
race form, but nowhere is it so pronounced as in the breccia ". spoon" 
above tfle Hot Springs. Just north of the White Face group, this is 
partially due to the gentle northward dip of the beds, the inclination of 
the surface being in the same direction, while the northern part of the 
region is in the upper portion of the lignitic series, where there is less 
difference in the hardness of the beds, and hence less opportunity for 
the erosion to create terrace forms. The tendency still exists, however, 
the form of Park View being very graceful, the steeper slopes running 
out in flattish Rpurs to become rather abruptly steep again, but not at
taining escarped edges. The valleys of the Willow and Troublesome, 
therefore, show forms characteristic of the geology of this lignitic re
gion, and are very different from the forms of valleys elsewhere in the 
district. Nowhere in the lignitic ar~a are the streams bordered by low, 
flat, terraced banks like the lake-beds adjacent to portions of the Wil
liams River and the Grand, nor do they flow in sharp-cut, rugged 
canons, as in arcbrean areas . . Instead, a bottom usually but a few 
times -wider than the water-course accompanies the streams, often 
marshy from the presence of beaver-dams, but not terraced, from which 
steep slopes rise on either baud for several hundreds of feet in escarp
ments which show the edges of the harder sandstones, with lesser slopes 
of softer beds between, and finally merging by curves, rather than 
abruptly, into a pretty general terrace-like level, rising on and on, per
haps, with other indistinct terrace steps to the higher masses beyond. 
In the Eastern or Willow Creek ridge these slopes run quite evenly to 
the top. In the White Face mass the last slopes up to the lava are 
abrupt and 1ined with some palisades of lava. The slopes up Park View 
are steep but graceful, while the western mass is surrounded by great 
palisades of black lava, white volcanic tuffs, and conglomerates eroded 
into pinnacled forms, and looking down into the upptr canons of the 
Troublesome. The southern border of this great lignitic mass as it 
occurs near the Grand River bas been already described. 

In ascending Willow Creek from its junction with the Grand, and 
after passing through the rounded hills of lake-beds, most of which 
dip gently eastward, and the accompanying basaltic lava, as before 
described, there is found crossing the stream about eight miles from its 
mouth the same ridge of dolerite breccia that crosses the Grand at its 
upper gate-way. About half a mile before reaching the principal ridge, 
however, an outcrop of similar material (breccia, &c.) is found on the 
east side of the stream, dipping 200 to the northeast, and just beyond 
and between the latter and the main continuous breccia ridge, which 
dips 600 to the northwest, are several outcrops ; also, on the east side. 
of the stream, of Cretaceous No. 5, here containing many fine cretaceous 
fossils. The upper outcrops near the main ridge dip 200 northwest, but 
following along them northeastward, they swing more and more east, 
dipping north 100, and appear as if they swung around to become con
formable beneath the lower occurrence of the breccia. The dips are 
give·n in the Hot Springs map, (Figure 10,) and would seem to indicate 
a small local anticlinal, with the axis dipping north. These beds were 
not directly traced farther northward along their outcrop. The main 
breccia ridge, however, after crossing Willow Creek, appears to pass 
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along the eastern base of the high, even-topped \Villow Creek lignitic 
ridge. The line of junction of the sedimentary rocks of this ridge and 
of those beneath it, with the metamorphic rocks of the J\!redicine Bow 
ridge, must lie along the valley between the two ridges. Unfortunately 
this was not examined. 

The facts presented near the Frazier and Grand Ri Yers, the apparent 
gentle westward dip of the Willow Creek ridge, and the smoothed ap
pearance of the west slopes of the :Medicine Bow ridge, would all seem to 
point to the .fact that all along between the two ridges the Cretaceous 
underl.ving the lignitic, together with the breccia between the two, are 
abruptl_y turned up against the Medicine Bow ridge, dipping steeply 
westward away from it. From Park Vie\Y appearances seemed to indi
cate such upturned ridges of rock coming out from behind the north 
end of the \Villow Creek ridge, lying along the base of the Medicine 
Bow ridge, and passing on north into the North Park. The narrow
ness of the valley between the two ridges, as well as the apparently 
slight western inclination of the lignitic of Willow Creek ridge, how
ever, may indicate that a great fault lies between the two ridges, sepa
rating the arcbooan on the east from the Cretaceous and lignitic forma
tions in the west, the down-throw being upon the west side. Such a 
structure is by no means improbable, as the tendency of all the folds 
throughout this region is to an abrupt western down-throw, which often · 
passes into a fault. 

Where \Villow Creek breaks through the dolerftic breccia-bed the 
lzttter forms a well-defip.ed ridge a few hundred feet high, striking a little 
east of north, with irregular curving, and dipping west about 600, It . 
is here only about 5QO feet thick, and considering its greater thickness 
near the Grand, it is probably thinning in going northward. Passing 
up the Willow through the gap formed in the ridge by the stream, a 1 

small, sharp valley is found on either hand behind the ridge, with some 
exposures of soft brown sandstones, mostly shaly, dipping 60° west. 
A thousand feet beyond, a ridge parallel with the breccia ridge is passed, 
which is composed of coarser and harder brown sandstone, mostly of 
granitic material, like the lignitic terraces of the Grand, dipping 500 

· westward. Two or three hundred feet farther on a smaller ridge shows 
a dip of about 40°, and but little over half a mile above the breccia 
ridge, the dip is reduced to five or ten degrees, or even less. Here 

. the dip is more across the river to the north than up it, the valley being 
a partial monoclinal, though the dip is very gentle. The terraces near 
the stream are somewhat marked, but best so on its northeast side. 
The first sl.ope is between four and five hundred feet high, quite abrupt, 
in escarpments of coarse gray sandstones, some rather finely -and com
pactly banded, and conglomerates, all of metamophic debris, sometimes 
30 feet abrupt, with slopes of 5 to 10 feet of softer shaly beds. Some 
e~ceedingly fine, compact, dark-blue argillaceous bands occur, carrying 
small black spots of carbonaceous material. Dips of 5° to 10° or 12° 
generally occur, mostly to the north, the observer constantly rising 
through the formation in going up the stream. At a point about south
east by east of Park View, however, a dip of about 100 to the south 
occurs along the stream for a half mile, ending at the north in a dip of 
about 300 to the south, till the up-throw of the beds on the nortP.ern. 
side is perhaps 150 feet, when the gentle northern dip is again resumed. 
About in line with this small southward-bending fold, and perhaps a pro
longation of it, there occurs upon the southern spurs of Park View Peak, 
a .short south dip of about 15°, but the usual northern dip is here, like-
wise, at once resumed. In a spur just northwest of Park View, there- - ~ 1 
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verse may be obseryed, a northern dip of 250 being observed for a short 
space, but soon flattening to 100 again. The whole slope north of Park 
View seemed to indicate a continuation of this northern dip, carrying 
the lignitic beds down into the low flat basin of the North Park. To 
the west the abrupt palisade edges of the great lava-cap covering the 
lignitic in that direction show, extending in a high promontory north
ward into the N odh Park; and here, also, a gentle northern dip seemed 
to be apparent at a few points. 

Though a large ,dike and several smaller ones occur in Park View 
Mountain, their connection with the topography is best shown in a hill 
northeast of that mountain, and across the westernmost fork of the Wil
low from it. These dikes vary from 5 to 30 feet in thickness, some being 
apparently over five miles in length, and extending across the country 
like huge broken walls. Where several intersect or occur near one 
another, their combined resistance to erosion has formed a hill, every 
spur of which contains a dike. Between the two mountains is the pass 
for the Willow Creek trail over into the North Park. The accompany
ing sketch-map, Fig. 17, shows the forms of these two points, and their 
connection with the dikes. There are probably several large dikes 
upon the northern spur of Park View, and on the hills to the northwest, 
which are not indicated in the map, as they were not clearly seen. 

The dikes are of a very handsome porphyritic trachyte, a grayish 
green micro-crystalline or granular paste containing, as the more 
noticeable ingredients, numerous large, well-formed crystals of white 
orthoclase, and 'Short, well-formed, hexagonal crystals of a soft, dark
green chlorite.* 

The lava capping Uorral P eak has some peculiar features which 
should be mentioned before leaving this lignitic area. The summit of 
the mountain is a squarish, rugged mass, rising precipitously at the 
southwest end of a ridge that runs about three-quart~rs of a mile 
northeastvvard from it, where it is crossed · at right angles by an 
equally long but excessively sharp ridge, trending nearly northwest 
and southeast. This whole top· descends steeply, especially on the 
northwest and south sides, for several hundreds of feet to the lignitic 
be<ls on which it rests. The northeast ridge, though not examined at · 
its base, appeared as if it were the dike through which the eruptive 
matter found its outlet. This ridge rises a little higher than the 
broader neck connecting it with the main point which rises some 500 
feet above either. The sharp ridge and all the main top is composed 
of a dark, nearly black or brownish-black, brittle basalt, which pos
sesses a resinous luster on a fracture face because of the very large 
proportion of olivine permeating the mass. This lava weathers very 
peculiarly, breaking in thin flakes or slabs, sometimes shaly, usually 
standing nearly vertical, with flat conchoidal faces, which meet along the 
edges as do the facets of a cut-glass tumbler. These slabs are highly 
phonolitic; and in weathering, the surface sometimes looks like a red
dish, even-grained sandstone. The columns which compose the western 
precipice are remarkably well formed. Some of them are two or three 
feet across, sharply cut generally into five sides, cross-jointed into 
lengths of from a few feet to a few inches, with, on the upper surface 
of each joint, an exceedingly well-formed convex spherical surface, 
rising two or three inches above the surface of the joint, and with its 
circumference nearly tangent to the sides of the joint. A corre-

* it is intended that a proper chemical examination of this lava, as well as of all 
the volcanic and other rocks that require it; shall be made to be used in the :final repurt 
of Colorado. 



Fig. 16. 

Sketch ump of Park View Peak and vieinit.y, showing the Tmchytc Dikes penetrating 
the nearly horizontal Lignitic rocks, and their relation to the topography. 
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sponding depression, of course, exists in the lower side of the section 
above. This upper columned, jointed, splintered mass of lava shows 
no signs of bedding, but it rests below in a mass of volcanic conglom
erate, containing patches of white-weathered tuff, in all a few hundred 
feet in thickness, dipping somewhat to . the northwest, and forming a 
zone of most curious pinnacled forms surrounding the base of :the 
steep upper slopes of the peak. At the very base a small patch of 
lava was observed, consisting of a hard whHe matrix, with numerous 
imbedded grains of sanadine and quartz, appar~ntly a typical western 
rhyolite. The conglomerate and basalt probably rest directly upon it. 

~!:he summit of White-Face ]\fountain and its western spurs seemed 
covered with the same lavas as covered' Corral Peak. 

In the upper part of the East Fork of Troublesome Creek several dips 
of the lignitic sandstones were observed at cigbt angles to the stream, 
or southeastward, some of perhaps 10o, thus forming a gentle mono
clinal of the valley. Lower down, dip's of 50 or so to the southwest take 
their place, and the inclination of the strata being greater than that of 
the stream, they gradually disappear beneath it. The valley is not as 
deeply cut as that of the Willow, the first more abrupt rise being less, 
and the semi-terraced slopes rising rather gently on either hand, inter
sected by innumerable small ravines. .A. little lower, about five miles 
above the junction with the West Fork, the river turns westward and 
approaches a ridge into a narrowing gorge through which it enters, the 
high hills on either side becoming capped with volcanic material. As 
the stream cuts through the gently westward-dipping lignitic beds, the 
capping lava descends more and more, until the palisaded canon is 
wholly in it, the lignitic disappearing beneath it, the stream finally 
emerging from 'between the gradually lowering sides to its junction with 
the West }_,ork, in the flat, low-terraced basin of the Lower Troublesome 
tributary to that of the Grand. This volcanic material lies upon the 
hill-slope with a western dip of 60 to 1o, and consists of poorly strati
fied or irregular volcanic conglomerates, some white tuffs, but mostly of 
dark or black basaltic lavas, some columnar, which form the palisades. 
On the south side of the canon a well-defined bed shows at one point a 
thickness estimated at seven or eight hundred feet. Some of the lavas 
observed were very fine-grained, with conchoidal fracture, some with 
rough resinous surfaces, with the usual variations of appearance com
mon in basalts. Except the peculiar tabular structure, some were un
distinguishable from those of Corral Peak, and it is quite possible that 
these lavas flowed down from that source. Inclining westward, the lava 
ends abruptly at the canon's mouth in a steep slope of about 100 feet, 
which descends to a narrow lake-bed terrace skirting its base, which in 
turn descends in a slope of 40 feet to the river ''bottom" of the West 
Fork. (The section is shown in Plate III, section 4, east end.) Down 
the Troublesome, the lava seems to end abruptly along the river in a 
similar manner for some distance, being bordered on the west by the 
terraced lake-beds of the stream, and thus concealing the western edge 
of the great lignitic area from view. From here to the Hot Springs the , 
southern limit of this formation was not traced. It is probably some
what concealed by this same lava flow, but it seems quite likely that 
near Corral Creek, and on to Mount Bross, the lignitic beds may rest on 
the granite, or on the upturned edges of the Cretaceous, as it certainly 
does just beyond, near the Hot Springs. Somewhere near this line, and 
not far below the junction of the two forks, are some sulphur springs 
said to be similar to those near Mount Bross, but cold. As it is not un
likely that the former may have an outlet similar to the latter, their 
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presence may indicate here the upturned edges of the Lower Cretaceous 
beds. Northward a few miles from the junction of the two Troublesome 
Creek~, the lava on the east slope of the West Fork seems to draw away 
from the stream, leaving it apparently on the lignitic beds. A little 
west of the stream, some exposures dipping westward below the low 
terraces seem to continue these beds in this direction. (Plate III, sec
tion 3, east end.) Beyond the hills merge gently into the slopes leading 
up to the great northern lava mass, and are cut by the deep canon of 
the North Fork, (not shown in the perspective of the sections.) The 
extreme western border of the lignitic area, that bordering on the val
ley of the Muddy, will be described when speaking of that valley . 

• 
LOWER TROUBLESOME VALLEY. 

vVest from the junction · of the two forks of the Troublesome, the 
gentle slopes of two or three low terraees rise to the low divide between 
the Lower Troublesome and JYiuddy Rivers. The lower terrace rises 
about 40 feet above the river-bottom, which is here a few hundred feet 
wide. Upon the d ivide the uncompacted, crumbling, light brown and 
gray sands and white marls of the lake-beds are well exposed, and all 
the terraces of the adjacent valleys are probably of them. l\'luch alkali 
here abounds, and tbe terraces support a thick growth of sage-brush 
and little if any grass. These beds seem to effectually conceal the 
structure and relations of the rocks beneath. The divide and adjacent 
slopes are covered with boulders, pebbles, and srnaUer debris of basaltic 
lava, and moss-agate stones are frequent . Near the divide a few of 
the higher elevations of white lake-beds are lava-capped, and at one 
point a mass of lava occurs, as if occupying the ancient channel of a 
small stream in the lake-beds, (Plate III, section 3.) The lava-flow, of 
which these are the remnants, must haYe originally extended quite 
widely over this region, and the greater resistance to erosion due to its 
presence may have determined the present position of this divide. The 
latter ends at the south in the rather abrupt and high knob of granite, 
the Lower J\iuddy Butte, which will be referred to later. This broad
terraced valley of the Lower Troublesome opens out upon · the similar · 
region adjacent to the Grand, and agrees in general features with the 
lower portions of the Williams River Valley, which opens in a similar 
manner upon the southern side of the Grand. 

VALLEY OF THE LOWER GRAND. 

The region adjacent to the Lower Grand is of terraced lake-beds, 
through which protrude several small knobs of the metamorphic rocks. 
The Grand emerges from its canon in the red, crqmbling, gneissic granite, 
four or five miles below the Hot Springs. At first, the granite forms its 
northern bank, terraced beds being on the southern side, extending on 
up the WilliJtms River Valley. A little lower, the river cuts somewhat 
into the latter, leaving a narrow zone of terraces lapping up on the low 
granite mass at the north. There are here two terraces; the lower about 
90 feet high, mostly of soft, dark-gray, friable sands, some compacted, 
and a few brown conglomerates, a few hundred feet back from which 
rises the upper terrace, about 125 feet high, capped with a brown con
glomerate of granite deb1·is which forms a small escarpment at the top 
of the bank. The ravines cutting into the latter open out on to the 
lower terrace, but do not cut deeply into it. An exceedingly gentle 
dip of 2° or 3° up-stream toward the granite was here obser~ved. The 
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conglomerates strangely resemble some of the lignitic conglomerates in 
general characters, but lake-beds at this point, being naturally made up 
of debris from the granites and lignitic beds adjacent, might readily re
semble the latter. 

A little farther down the river again approaches the red granite, 
which rises ruggedly to form its northern bank, the lake-beds being 
again confined to its southern side, and here of a rolling rather than of 
a terraced character. The granite appears rather smoothly surfaced, 
and is cut through by the canon of Corral Creek, which flows from the 
lignitic area upon the north. Nearly opposite its mouth, and west of 
the mouth of the Williams River, is a high hill with a great white ex
posure, so characteristic of the lake-beds, on its steep, north face. Near 
its eastern base are evidences of formerly existing sulphur springs. 

After leaving the Corral Creek granite area the river-bottom is often 
a half mile wide, bounded on either side by a terrace of about 80 feet in 
elevation, except where the latter has been cut back by erosion, when 
the rise is often 150 feet, or to the summit of the second and' higher ter
race, direct. The latter terrace surface, rising in more gentle slopes to 
200 or 250 feet, forms the general level between the Grand and lower 
Troublesome Creeks. From jt here rises a rocky knob composed of 
granitic gneiss and dark irregular gneiss. South of the Grand, also, are 
two hills showing granitic outcrops, the lake-beds stretching past them 
southward, their relations to the Upper Cretaceous or lignitic beds of the 
north end of the Williams River Mountains not being examined. Ex
posures of highly cross-stratified sands are here exposed on the south 
bank of the Grand. Farther down the river the well-defined terraces, 
each of about 80 feet in height, are quite continuous. On the north side 
a few small knobs of metamorphic rocks protrude through them, while a 
quite large mass of the same (Station LXVIII) rises on the south, close 
to which the river runs, with steep slopes rising to it. A spur of the 
same runs quite to the junction of the Blue and Grand. Here a large 
flat alluvium area spreads out, lying, when visited, only about five feet 
above the river, and probably subject to inundation in very wet seasons. 
Passing it, the river breaks through the Lower Cretaceous rocks lying 
up against the eastern granite slopes of the Park range and enters its 
impassable canon through the same, carrying with it all the drainage of 
the Park. The rapid deepening of this canon will probably ere long 
retrieve the rich alluvium bottoms just above from serious inundations. 
Nearly all the terraces of this region adjacent to the Grand are covered 
with debris of metamorphic rocks, and sustain a poor vegetation of sage
brush, with very little grass, though the river-bottom appears very fer
tile. In the softer lake-beds much alkali is present, and the ravines are 
boggy. Though obscuring the underlying rocks as they do, enough is 
visible to show that the zone along the Grand is one, essentially, of the 
archrean rocks. Taken in connection with the sedimentary rocks both 
to the north and south, it would seem to be a gentle anticlinal, with an 
east and west axis, extending from the Hot Springs to near the mouths 
of the Blue and Muddy, with the overlying rocks swept away by erosion 
and replaced by the later lake-beds; while the apparent continuity of 
the mass with the granite of the Hot Springs would suggest that possi
bly the fold throughout was of the same age as the Hot-Springs fold, 
viz, post-Cretaceous, but pre-lignitic. The lake-beds so cover up the 
edges of the adjacent formations that the relations between them are 
readily seen, but ravines might be found exposing sufficient to really 
determine these relations and the true nature and age of the fold. As 
before mentioned, several sulphur springs occur a little east of the Lower 
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Troublesome, while indications of former ones are said to exist in the 
Lower Williams River. It is by no means improbable that, like ~he Hot 
Sulphur Springs at the base of Mount Bross, these, also, have their out
let between the Lower Cretaceous sandstones and the shales above; and 
if so, indicate that these rocks, though now covered by lake-beds, still 
occur beneath, and dip off northward and southward away from the 
archrean area of the Grand. The relations of the Cretaceous to the west
ern portion of this archrnan area will be given shortly, when describing 
the lower portions of the Muddy and Blue Rivers where they join the 
Grand. 

THE VALLEY OF THE MUDDY. 

The Park range forms the western limit of the Midule Park drainage. 
North of the Grand, and all along west of the Muddy Valley, it is byno 
means a high and rugged mountain-range, but a great rolling, even
contoured swell of ·archrnan rock, on the gentle eastern slopes of which 
rest the Lower Cretaceous quartzites, extending more or less far up on· it, 
and dipping off to beneath the :Muddy River, which has excavated its 
broad valley in the soft Middle Cretaceous shales. At the north, the 
gentle eastern slopes of the valley are made up of the western edge of 
the great northern lignitic area ; at the south, the low ridge of lake 
beds lying between the Muddy and the Lower Troublesome Valley, limit 
it on the east. The Cretaceous shales and sandstones of mid valley are, 
however, nearly concealed by the long low terraces of lake-beds which 
cover their upturned edges, and occupy nearly all of the main va.Uey, 
reaching far up on either side, the underl~ring Cretaceous rocks being 
exposed at innumerable points in the many ravines which cut through 
the lake- beds in all directions. The valley, however, is not wholly a 
simple monoclinal. The Park range trends west of north, and from it, 
at one or two points, low anticlinals run out in an east of north, or north, 
d~rection for a few miles and then terminate, the beds flattening out at 
their ends, the river meanwhile being forced more and more east, as it 
passes around their northern ends. In the following more detailed de
:scription of the valley, reference should be made to the geological map 
of the Middle Park, (Fig. 8,) and sections 2, 3, and 4, of Plate III, the 
positions of which are indicated on the map. 

The main source of the Muddy is the westernmost one, rising on the 
long even massive slopes of the Park range, which are here composed of 
-very coarse granite. The waters collecting on these granite slopes flow 
·down to a small north and south valley at their base, which is formed 
·by the westward facing edges of the Lower Cretaceous beds which lie on 
.the granites. Breaking through the ridge formed of these in a narrow 
canon, the stream flows out into the more open valley. (See west end 
of section 2.) The lower beds are mostly soil-covered, but seem com
posed mostly of soft red sandstones, with a few liarder beds, especially 
at the top, where a prominent layer of hard, white, quartzitic sandstone 
occurs. The estimated thickness of these beds is about 1,200 feet, or 
nearly three times the thickness of the corresponding beds at the Hot 
Springs, or about the same as the section noticed southeast of t.he Hot 
Springs. Considerations as to whether a portion of the Jurassic may 
be here represented, or whether all should be referred to No.1, have 
been given before. In the absence of fossils the latter is the most nat
ural conclusion. They appear to become much thinner in their southern 
extension, approaching the usual type and thickness of No. L Passing 
east through the canon, the river flows across anot,her little north and 
south valley, and breaks through a smaller uniclinal ridge, likewise dip-
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ping east. The side valleys are in dark slaty shale with occasional are
naceous and calcareous beds, reaching a thickness of about 350 or 400 
feet. This outer ridge is capped with two strata of thin bedded lime
stone about 8 feet thick, separated by a thin sha1ier layer, all dipping 
eastward at an angle, near the. river, of 100, flattening to 6° higher up. 
The limestone varies from coffee-brown to gray in color, is inclined to 
saccharoidal, possesses a strong petroleum odor, and contains many im
perfect fossils of a few Cretaceous species. The one occurring quite to 
the exclusion of others is a small Inoceramus, which Mr. Meek informs 
me closely resembles Inoceramus acutirostris (M. and H.) of Cretaceous 
No.2 of the Nebraska section. Passing on down ·the river, ther~ ap
pears here and there beneath the terraced lake-beds forming its sides a 
long series.of dark argillaceous shales, which dip eastward at a very low 
angle. 

The lake-beds, indeed, which here at first rise in a few low terraces, 
then gradually merge into the adjacent bulky and irregularly contoured 
hills, everywhere so obscured these beds that no good section was ob
tained of them. There appeared to be no prominent beds among them, 
however, and as the limestones last described are quite characteristic 
and appear at other points, I have, for convenience, designated the hor
izon as No.3, though, as indicated by the fossil above, it may be lower 
than No. 3, when paleontologically considered. If these beds are not 
regarded as Cretaceous No. 3, there does not seem to be any horizon 
here which could be so regarded. The shales above, which then become 
No.4, are probably thirteen or ~ourteen hundred feet thick. 

Just east of where the stream receives its main fork from the north, 
rises the Upper Muddy Butte, a steep precipitous mountain reaching 
some 2,400 feet above the river, and standing in its abruptness in strong 
contrast with the surrounding country. Before reaching it, the hori
zontal lake-beds which rest on the eastward-dipping shales sweep north
ward in low sloped hills, with many small ravines, to a series of hills 
which are lava-capped, the lava having flowed down from the great 
basaltic mass resting on the lignitic at the east. The lava-capped hills 
:which remain near the sources of the North Fork are not visible in the 
section, being hid by the Upper Muddy Butte, though five of the western 
ones are seen. The Butte is also a mass of basaltic lava, the steep west 
front being faced with many columns; planes of division cut through the 
mass, dipping east of an angle of 25o, giving the impression that the 
mass has been upturned into that position. This lava reaches lower 
down than any of the other masses, as if it occupied a depression in the 
former surface. On the south side of the stream, opposite the Butte, 
are two or three connected, indefinite hills, all of the lake-beds, which 
extend westward across a small terraced valley, anci lap up on the ridge 
of Cretaceous No.3. Upon and about them many lava boulders are 
found, often scoriaceou.s, and not well rounded, the remains, probably, 
of a southward extension of the la\'a flow, the remnants of which cap the 
hills of t.he north. It is this flow which would seem to have determined 
the divide between the north and middle parks, which is here a gentle 
swell, hardly worthy of the name of pass. Whether the northern lava 
masses rest on lake-beds or on a westward extension of the lower lig~ 
nitic beds was not ascertained. The latter is quite possible, as the lake
beds would have to reach unusually high to cover the whole pass, while 
the lignitic beds appear to flatten in their northern extension, and may 
swing around somewhat to the west. 

Just south of the Butte a branch joins the main stream from the east, 
up which the eastern end of section 2 was made. A little south of this 
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branch and near the main stream, ridges of sandstones are exposed by 
the ravines cutting through the lake-beds. These show a higher dip than 
the shales to the west, being tipped up eastward at an angle occasion
ally above 300. The intermediate beds are not exposed, and are quite 
likely to be shales eroded away more than sandstones. The latter, how
ever, give the character to the borizon, being absent in the shales lying 
below and to the west. A line of exposures a little east of the main 
stream shows a dirty, dark, somber-brown sandstone, medium grained, 
about 10 feet thick. Strike north 200 west, dip 450 northeast. A more 
continuous line of outcrops (all in the ravines) is about half a mile to the 
east of the main stream. There are here, beside the line of more prom
inent exposure, several minor ones, all being of sandstones, mostly light, 
but some dark brown, thin bedded, friable, and though not concretion
ary, strongly resemble the Cretaceous No.5 in the region near the Hot 
Springs; the common eastward dip bere is from 200 to 300, Up the east 
branch, about two miles from the Butte, a small side stream from the 
north bas cut a deep valley, exposing a cliff of a few hun<h·ed feet in 
height upon its east bank, (a in section.) At its base is a uniclinal ridge 
(strike north 15o w~st, dip 100-15o east) which exposes a thickness of 
about 250 feet of light, gray, friable, thin-bedded sandstones, some perhaps 
of the consistency of freestones, none thicker than one foot, but mostly 
shaly. Above, for about 225 feet, and forming the lower portion of the 
cliff, the beds are shaly, and some almost earthy. A band of about four 
feet in thickness here is of bituminous shale, quite irregular, and con
tains some thin seams of ·black but weathered and shrunken lignitic coal. 
The cliff is capped by about 150 feet of coarse, massive sandstones com
posed of metamorphic debris, the characteristic and unmistakable beds 
of the lignitic group. Though the eastward inclination of the upper beds 
is small and much less than those below, the transition between the two is 
gradual, showing a flattening of the fold, there apparently being no uncon
formability anywhere in the series. Here, then, the lignitic must rest di
rectly on tbe Cretaceous without the intervention oft he doleric breccia bed 
of the Hot Springs. That the latter marks the most natural line of de
markation between th_e two horizons follows from the entire change of 
lithological characters which it separates, as well as from the unconforma
bility between them at the Hot Springs, and, so far as known, from the 
complete change of life which here occurs, molluscan life giving way 
to plant life. Near the muddy, however, the line of demarkation be
tween the two horizons is not so well marked. From the fact that in 
the breccia basin, on both the Grand and Frazier Rivers, a few hundred 
feet of shaly beds lie beneath the lowest coarse sandstones, and between 
them and the breccia it becomes no unnatural inference to suppose that 
the carbonaceous shales which underlie the coarse sandstone escarpment 
here near the Muddy probably form the base of the lignitic, thus leav
ing the lower sandstones of the ridge below as the probable summit of 
the Cretaceous. Though no fossils were found in these beds directly, 
yet sandstones characteristic of No. 5, with fossils, occur just below. 
No. 5 might thus be taken as probably being very nearly 1,500 or 1,600 
feet thick, making the total thickness of the Cretaceous here in the 
Muddy Valley about 4,500 feet. These thicknesses, though checked by 
scaled distances on the map, may be in error from incorrect estimation 
of average dips, as so much is obscured by the lake-beds. I think that 
they rna~ be much too small rather than too large. 

A little north of the lignitic escarpment, a few exposures indicated a 
flattening of the formation, as if the lignitic beds might extend north
ward and westward toward the Pass into the North Park, as before in-
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timated. Following on eastward up the valley, all is covered with a 
curious porous soil to its head, where the high escarpment of the great 
volcanic mass is met. 

Flows of black basalt, lined with columned escarpments,_ great thick
ness of volcanic conglomerate and white tuff, and red scoriaceous 
masses show on this western face. The thickness of the volcanic mass 
must exceed a thousand feet. The peculiar porous soil of the valley is 
probably due to soft volcanic material. The ridge running toward the 
exposure of the lower lignitic rocks (a) has some small lava masses on 
it, while a long arm stretched northwestward would seem to indicate 
the direction of the lava flow, which reached all around the northern 
sources of the Muddy. 

Southward from the Upper Muddy Butte, the formation, as indicated 
by the more frequently outcropping sandstone ridge of No.5, would 
seem to follow very closely, in its changing trends, the general course 
of the river. The effect on the topography of the intermingling of the 
flat lake-beds with the including upturned Cretaceous, is here very curi
ous. For ten miles down the river the lateral streams from the east are 
very numerous, and have cut the lake-beds into long, often irregular, 
tongues, whose ends fall in a steep terrace slope to the river, and the 
sides falling similarly to the cutting ravines. These, however, often cut 
through ridges of the Cretaceous sandstones at right angles to their 
course, which close to a narrow cut the ravine-shaped valley, and mod
ify in many ways the naturally regular forms of the lake-bed erosion. 
The types of these tongues are flat and even, all of pretty uniform 
length, with surfaces sweeping up in long, graceful curves to the gently 
molded hills bordering the Yl;llley on the east, and which are probably 
of the lignitic rocks. Near the river t.he Cretaceous shales, and the 
sandstones just east of them, dip rather steeply or up to 30° or 400 
eastward, but they flatten in going either east or west. West of the 
upper part of this region, and partially encircled by the southward 
bending of the Muddy, are the rolling hills of lake-beds, which have 
been before referred to. South of these, however, the ridge in which 
Station LXV is situated, is of a very different character. Northwest of 
the station, and in the deep ravine at the base of the hill, is a small 
ridge striking N. 400 E., and dipping 550 to the northwest. The beds 
about show it to be swinging around the northern extremity of the sta
tion, and beneath the hills of lake-beds just north. It is of limestone, 
in all respects similar to the bed called No.3, a few miles to the north
west, and is undoubtedly the same bed. Following the main ridge 
southward, this bed forms a minor, but parallel, ridge on its northwest 
side, which dips as high as 650 in the same direction. The. southern 
end of the main ridge is quite broad and flat, and is surrounded by a 
small palisade facing south and east, which appears to be the same bed 
capping the hill and dipping gently east. It is through here that sec
tion 3 (Plate III) is drawn. Outcrops of the same limestone, which is 
still composed of two prominent layers, but is thicker than farther 
north, appears as if broken downward along the east side of the ridge 
also. All along the lower slopes upon this side the slates of No.4, 
where observed in the ravines in the confusing lake-beds, dipped gently 
eas~ward toward the river, some being barely inclined, and few, if any, 
exceeding 30o. The ridge, indeed, is an anticlinal, with a g~ntle east 
side, an abrupt west slope, trending about north-northeast, and flatten
ing at the north. To have sections 3 and 2 (Plate III) in their proper 
stratigraphical relations, section 3 should be moved eastward until the 
anticlinal on the left comes under the Upper nrluddy Butte in section 2. 
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The flatness of the dip near the Butte is probably due to the effect of 
~bis fold. 
A\;.~ ~puthward along the east slope of this fold the valley widens before 
!ts · contract~on at the Lower Muddy Butte. On the west, the ~lopes 
coming from the anticlinal ridge are less cut up by intersected ravines 
than at the north, the terraces being more continuous and longer, run
ning from the ridge in long flat slopes, and falling in one or two steeper 
descents to the river. On the east side of the river the lake-beds have 
here been more extensively eroded away than at the north, and the 
sandstones of No. 5, being here quite flat, are exposed with their west
ern edges showing in low escarpments facing the river. Back, (east
ward,) they disappear beneath the ridge of the lake-beds which sepa
rate the lVIuddy from the Troublesome. West of one of ·these flatly dip
ping tables of No.5, and about five miles north of the Lower Muddy 
Butte, and a little south of section 3, some of the Cretaceous beds are ex
posed in the face of the lake-bed covered river-bank, and show a folding . 
of the formation along a north and south line, the dip to the west being 
45°, that to the east at first 200, flattened to about 10°. The horizon 
again brought to the surface is probably the No. 3 limestones. Here, 
then, is another anticlinal fold indicated. It was not directly traced 
southward, and since the s9ft beds have been leveled by erosion, and 
probably almost wholly covered by lake-beds, there are no easily traced 
surface features to indicate its extent or nature. A few exposures on 
the east side of the stream, and a little south of this point, would seem 
to show that the beds on the east side of the fold were swinging some
what eastward, as if to pass to the east of the Lower Butte, but they 
then become concealed b,y the ridge of lake-beds. This fold is indicated 
in section 3. . 

A pretty constant outcrop seems to be of a harder horizon of sand· 
stones in Cretaceous No. 5. These usually outcrop east of the rtver, 
and, as indicated on .the map, seem-to show the effect of these two folds 
in their line of strikes. At first quite flat, the outcrop in going north 
gradually steepens, and trends more and more west, till, on a horthwest 
str-ike, it forms a hog-back ridge nearly 200 feet high, and dipping 40° 
northeast. . It would seem to be here running around the north end of 
the eastern fold, but, feeling the influence of the western fold, it turns 
more northward. Again it runs north westward, as if tending to mantle 
around the northern end of the latter fold, but near the Upper Butte it 
turns northward, probably farther north tQ swing west again. 

The Lower l\iuddy B,utte is a high knob rising abruptly on its north 
and west sides to a height of about 1,800 feet above the river. It is of 
granite, with its base almost wholly surrounded by the low-lying lake
beds, and is probably the northwestward extremity or arm of the gran
ite mass shown. to exist along the lower portions of the Grand. 

Westward, but a few miles from the Butt,e, and across the narrowed 
valley,· may be distinctly seen the limits of the Lower Cretaceous quartz
ites and sandstones, as they lie up against the granite of the Park 
ridge and dip down eastward toward the Butte. The broad, low valley 
stretches northward, and occasional outcrops of its Cretaceous rocks 
may be seen beneath the terraced slopes; but in this direction, as said 
before, all is so leveled and cover.ed with the terraces that the relations · 
of the Cretaceous to the granite of the Butte-are not apparent. Whether 
the former are upturned against the Butte, or whether a f~ult separates 
the two, or whether the Butte may not represent an elevation of the 
granite which existed before the Cretaceous beds were laid down sur
rounding it, is not readily seen. The abruptness of the hill, the apparent 
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total absence of upturned beds, and the undisturbed appearance of the 
usual Park range fold on the west, would indicate the latter. But the 
fold spoken of as being found a few miles north of the Butte, as well as ~ 
the unusual presence of granite masses protruding through undisturbed 
Cretaceous rocks, would seem to lend probability to the view that the 
Butte owed its presence to at least a post-Cretaceous disturbance, which 
folded or faulted the Cretaceous rocks about it~ though erosion and 
deposition since have almost totally obscured the eyidence of such action. 
South of the Butte, however, is evidence indicating the latter origin. 
Here, between the Butte and the Grand, is a curious area of Cretaceous 
beds. It is a true geological basin, the .beds dipping toward the center 
from ~11 directions. The west and south sides are best preserved, the 
others' being confused with lake-beds. This portion is composed of two 
ridges, their abrupt slopes being presented outward, their gentle slopes 
inward toward the center, so that, ~pproachingthecenter radially from the 
south and west, we would have to rise a hundred feet or more up a steep 
slope, showing the edges of crumbling shaly sandstones, (some argilla
ceous,) to a harder bed on top sloping gentl.Y in the opposite direction, 
when another sharp but steep ascent would have to be made before 
descending again gently to the center and the river; for the Muddy, 
breaking through the north edge of the basin, curves around through 
over half a circle in its very center, finally breaking through the south
eastern side to join the Grand. 

To the west the steep faces overlook a narrow belt of lake-beds, from 
beneath which appear the Lower Cretaceous beds rising in the Park range. 
To ·the south the steep faces overlook the broad alluvium bottom of the 
Grand, which probably here covers the Lower Cretaceous beds, for just 
south of the river, near its junction with the Blue, some schist-knobs are 
indicated by the terraced beds of schist debris. .East of the 15asin, the 
terraced beds cover nearly everything, but a ravine shows the lower 
beds dipping 300 westward. Farther east is the area of terraced lake
beds, with a few protruding knobs of granitic rocks. It is across in this 
direction that section 4 (Plate III) is drawn, extending on. to the junc
tion of the two forks of the Troublesome. Beneath the lake-beds here 
forming the surface, the Cretaceous may dip off north and eastward from 
the granites, ·which show above the surface here and there, and beneath 
the lava-covered lignitic beds of the Troublesome. 

Nearly at the steep southern base of the granite butte, and exposed 
in a small ravine, is a small patch of w bite saccharoidal or quartzitic sand
stone, lithologically like the characteristic beds of N o.l, and dipping from 
the granite about 300 southwestward. It not only dips from the granitic, 
but it lies in a small sharp ravine in the granite, and appears to be 
folded with the ravine. A little farther out the same beds dip gently 
toward the granite, its edge facing out over the river, descending to 
which the beds of the basin are found as before described. (See the 
small section just above section 4.) A little west of here, and at 
the northern end ·of the b~sin, a 't3outbward dip is also· found, which 
turns west as if curving around the west end of the butte. 

It would appear from these facts, then, that south of the butte, and 
crossed by the Lower Grand, there occurs a patch of Cretaceous rocks 

· which have been folded into the form of a basin, surrounded on the 
north, east, and south by the metamorphic rocks, and running up on the 
Park range on the west, as part of the strata forming that fold, and 
that the butte itself bad been brought to its present position by a fold 
which has turned up the Cretaceous rocks about its southern slopes; 
probably about its northern slopes also. 
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THE VALLEY OF THE BLUE RIVER. 

The sources of the Blue River are in the area of arcman, with some 
small patches of older sedimentary rocks lying between Gray's Peak on 
the east and Mount Lincoln on the southwest. From their mountain
surrounded valleys, the collected waters, at about thirty miles from the 
river's mouth, pass into an area of Cretaceous rocks, and it is this lower 
portion only which will be regarded at present. For this thirty miles 
up from its mouth, the Blue,, in several respects, is the direct comple
ment of the Muddy, and especially as it occupies a monoclinal valley in 
Cretaceous rocks, the valley bottom being eroded in the soft, eastward
dipping, mid-cretaceous shales, with the hard lower sandstones lying up 
on the archman rocks of the Park range on the west, and the sandstones 
of No. 5, with rocks above, forming the eastern side of the valley. But 
it is a far better-defined valley than that of the :Muddy, being both 
straighter, narrower, and deeper, though there is yet room nearly all 
along mid-valley for a zone of recent terraced beds, which, as in the 
l\fuddy, conceal most of the Uretaceous shales from view, and take away 
any idea of ruggedness of bottom, which might attach itself to the term 
narrow, as applied to the valley. 

From its monoclinal nature, the river naturally lies hearer the eastern 
8ide of the valley, or the base of the Williams River range. The first 
steep slopes of these mountains rise along a very straight line, and while 
the Blue is for a short distance close to their base, a zone of terraces 
from one to two miles wide usually sweep fro.m the mountain-base 
westward to the river. The range is exceedin.gly symmetrical in its 
outline, both in cross-section and longitudinally, the highest point, which 
rises some 3,600 feet above the river, being nearly in the center. From 
this point the summit-line, which varies in distance only from two to 
four miles from the river, descends in uniform wavy slopes both north
west and southeast, while in cross-section the eastern slope is compara
tively gentle, the one facing the Blue being very steep. This west front 
is made up of the edges of the strata, which show upon it as horizontal 
bands. There are two bands which are more prominent than the rest, 
forming escarpments, one about half way up, where the range is highest, 
the other near the base. Toward the northwest, where the range falls, 
the upper horizons are eroded away, and the lower bed forms the general 
summit of this lower portion of the range, reaching to within five miles 
of the Grand. Both of these more prominent beds appear as bands of 
ashen-gra ·color, and are apparently sandstones, separated by a series 
of shales, weathering gray, with many white bands. 

The summit of the Park range varies from six to eight miles from the 
river on its opposite side. For fifteen miles south from the Grand, 
except being somewhat narrower, this ridge has much the same char
acter as north of that river, a massive rollingTidge of the archtean rocks 
with the Lower Cretaceous sandstones lying up against it. South of 
this point, however, it rises in one•steep slope to the jagged crest of 
the main Blue River range, the principal characteristics of which will 
be described a little later. 

Proceeding up the valley, the long middle slopes of the Pa:rk range, 
capped with the Lower Cretaceoi1s sandstones, lie on the right; the upper 
portions of the ravines cutting through these to the metamorphic 
rocks below. Lapping up on these slopes are the terraced beds which 
run out toward the river in long graceful· slopes. The stream usually 
has a much narrower bottom or flood-plain than the Muddy, and it is there
fore much less serpentine in its course, the lower terrace generally rising 
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close to the stream. This first rise is perhaps about 100 feet to the top 
of the lower terrace, then a long gentle rise to a subordinate terrace 
(often absent) of 30 or 40 feet steep slope, then another long slope to 
the highest, but less distinct terrace, of 150 to 250 feet in height. Just 
above the middle subordinate terrace another low terrace is sometimes 
present. The lower slope is the most marked, and is often several 
miles across. 

The Cretaceous shales are frequently exposed in the ravines ~and river
channel. On the left is the hill of Station LXVIII, with the shorter 
terraced slopes of coarse archrean debris. Mixed with this debris, on its 
north west side, is also much debris of shales, as if the Cretaceous rocks 
laid up against the granite. In the ravines near the river some ex
posures showed a bending of the strike of the strata from southward 
around to the eastward, at first with a flat north ward dip and then a 
steeper southward one; in other words, as if the strata were mantling 
around the southern side of the archrean area of the Grand. Though 
perhaps too few points were observed to make the fact absolutely cer
tain, yet, where seen, tlJe strata occupied just such positions as would 
exist at the junction of two folds, one (perhaps the older) bringing the 
granites of the Grand to the surface, with rocks here dipping off to the 
south and west, the other, the Park-range fold, trending nearly at right. 
angles to the former, and lying just across its western end. Indeed, the 
LXVIII hilJ, in its geological characters, is probably the complement 
of the Lower 1\Iuddy Butte, and seems to be the southwestern extrem
ity of the east and west fold of the Grand, which, judged by the un
conformability at the Hot Springs, occurred before the deposition of 
the lignitic beds, and preceding by a long interval the great final folding 
of the mountains. · · 

About five miles from the Grand there rises above the terraced-slopes, 
on the east, an escarpment of bedded rocks, about 400 feet high. These 
are mostly of buff-colored with some brown friable sandstone, showing 
in four prominent and nearly horizontal layers. At first, at the north
ern end, a low dip to the south is apparent, again a probable indication 
of the fold of the Grand. Their usual dip, however, is gently to the 
east, and into the flattish-topped mass which they mostly make up, and 
all along the west face of which they show in banded escarpments~ The 
exposures, meanwhile, in the ravines of the valley seem to be, so far as 
observed, almost wholly of shales and slates, so that these bluffs would 
appear to be the Upper Cretaceous sandstone No.5. The horizon can be 
quite readily traced by the eye all along the base of Williams River 1\iount
ains, and in it, near the south end of the range, was found an Inoceramus, 
which 1\'Ir. Meek identifies as being closely allied to I. barabini, (Mor
ton,) a fossil of Cretaceous No. 5, of theN ebraska section. All the 1 ower 
portions of the Williams River .Mountains, therefore, are composed of 
Upper Cretaceous strata. 

For five or six miles these sandstones mostly form the flattish north
ern arm of the range before it rises in rounded curves to its higher and 
more ridge-like middle portions. At one point they are covered with a 
large mass of apparently eruptive rock, probably basalt, or trachyte, 
but which was not ascertained. South west of those lava-covered escarp
ments are two dikes of trachytic lava, which appear as low ridges r,ross
ing the terraces on the east side of the valley, the westward trending 
nearly south, the other trending more southwest; the two intersecting 
near their southern ends. The one is vertical, the other apparently dip-

. ping northwest at an angle of 600 toward the other, and probably joining 
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it below. The rock is of a hard, fine, semi-vitreous base, light' gray or 
greenish-white in color, and inclosing crystals of orthoclase or sanadite. 

The trend of these two dikes is toward a hill which lies about eleven 
miles from the Grand, and which, in its isolation and abruptness, pre
sents a unique topographical feature on the otherwise regularly formed 
valley, and therefore indicates some equally unique geological fact. The 
main valley seems to lie 1between this hill and the Williams Mountains, 
but the river appears to leave its valley and turn out of its .course to 
cut a deep canon around the western base of the hill, which rises to a 

, height of 1,500 feet above the stream; Looked at either from up or 
down the river it shows a series of massive beds, with softer layers be
tween, all dipping eastward, the upper beds at an angle of 30°. These 
massive beds are of trachyte; the softer beds are Cretaceous shales, and 
the bedding is apparently so perfect as to give the impression that .the 
lava was contemporaneous with the sedimentary rocks, and that here 
were trachytes of Cretaceous age. But either north or south of the 
hill the Cretaceous shales in the neighboring ravines · show very flat 
eastward dips, indicating that the lavas are but intrusive masses of 
post-Cretaceous age, which, instead of breaking across the strata, here 
followed along their planes of bedding, and forcing apart and upward 
the strata between which they wedged themselves, caused .them to 
incline eastward at a steeper angle than those on either si<le. Ex
amination of the bill confirms this idea. In a single section made 
about in the middle of the hill several points were found where the lava 
broke abruptly across one or two feet of the shales, breaks of a few 
inches being common, while a generally uneven surface exists between 
the two. At one point a limestone rested on a lava for a little ways, 
and then slates commenced to wedge in between the two, generally with 
broken edges. 1;he section is indicated in Plate III, section 5, and is 
given in more detail below. The three thick lower beds of trachyte in
dicated in the section are all joined in one on the southwest corner of 
the hill, and form a high pinnacled cliff overhanging the river. Near 
here, and a little south, may be seen what appears to be the side or edge 
of a flow, where the undisturbed slates lie on the south, dipping at 
an angle of 100 eastward, and abutting against lava which from there 
north forms a layer, and on which rest the slates which have been turned 
up by the lava. On the opposite (west) side of the river is a massive 
hill, also apparently of the trachyte, a remnant of the thickening dike, 
with the capping slates eroded away. On the hill-slopes to the south
west appear some disturbances of the Cretaceous beds, possibly caused 
by the incoming of the lava. In the river canon about 80 feet of a white 
siliceous sandstone is exposed, probably the upper bed of the Lower 
Cretaceous sandstones No. 1. It dips but a few degrees to the east. 
The bed~ included between the trachytes gradually increase their dip in 
ascending the hill. They are mostly of dark argillaceous shales, with 
some blue-black slates, and one or t-wo limestones. The usual Ore- -
taceous fossils occur here and there. Considering the preponderance 
of lava in the hill the sedimentary rocks seem to have been but very 
little affected by any heat that may have accompanied its eruption. 
What little effect it has produced, however, is as markedly on the beds 
lying above lava as on those below it. The lava throughout is a hand
some trachyte, with a tendency to very large feldspar crystals, which 
are inclined to glassy, and seem to be of the sanadite variety of ortho
clase, though the usual orthoclase forms are more common than the 
square tabular crystals. Some of the latter are from. one to two inches· 
across. The upper trachytes seemed usually more porphyritic than the . 
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lower ones, the average size of the very numerous feldspar crystals be
ing, perhaps, from a quarter to one-half an inch. "Vhile much of the 
matrix was greenish, some was olive-brown, and, though mostly fine
grained, some was slightly vesicular, and a little was observed inclining 
to scoriaceous. The following is a record of the section down the west 
side of the hill, the thickness being obtained, as usual, by using an ane
roid, pacing, and estimation: 

Section of hill in Blue River Valley, eleven miles jr01n Grand River. 

Nature of strata. 

Trachyte .....•.............•.....•....•......•........................... 
Slaty shales .........•...•..•....•.•••..•.........•.•.•................... 
Coarse trachyte ...•...•...... : . .•..•.•....••..•••...•.•.....•......•..... 
Shale ...•.•••.•..••.•••••••••••••••..•.••...•...•••.•...•.• _ .... ____ .. _ .. 
Trachyte ....•.•... · ..••..••.•••....•.•..........•......................... 
Slates, mostly shaly, very fine, blue-black, at center heavy bedded to 18 

inches; uneven and broken surface .•••.•.•...•.•................•....... 
Trachyte; somewhat porphyritic, but mostly fine, irregular, and some scoria

ceous; breaks of one and two feet across slates ...••.....••...........•... 
Fine shales .....•.••......... : •...•••••........•.••.••.................... 
Limestone, :fine, compact, dark blue; beds eight inches thick, subjoin ted to 

sha.ly ; brittle; in part shales below ..•.••.•.....•••••••••••........•..•. 
Trachyte .•.......•...••.••....••...• _. .••••.•••.•...••.....•.............. 
Shales; dark, fine ........................................................ . 
Trachyte ...........•.....•..•...•.••...••...••.•......................... 
Shale ..••.•....••.......•..............•.••...........•............ _ ..... 
Trachyte ...•....•... . · .....•.......•.........••• · ..•....................... 
Siliceous sandstone, white ................................................ .. 
River. 

Thick
ness. 

Feet. 
100 
200 
100 

25 
110 

120 

10 
60 

10 
80 

100 
275 
20 

150 
80 

Across the valley, eastward from the hill above described, on the west 
face of the Williams l\1ountains, is a little projected ridge, apparently a 
short dike, passing through the lower beds of the mountains. It is 
indicated in section 5, and modifies the section of the range, here near 
its highest point, by causing the lower bed to run farther out in a ter
race form than in the usual mountain section, which shows the west face 
as steeper, and more as in the dotted line. A few miles south, in a 
steep east bank of the main river, a vertical trachyte dike was observed, 
about a foot thick at the base, thinning to nothing about 80 feet up, and 
so disappearing before reaching the surface, on which no indications of 
it existed. 

THE PARK RANGE AND BLUE RIVER MOUNTAINS. 

Meanwhile, the Park range has undergone some change. The 
rounded ridge bas gradually risen until, near the base of the abrupt 
slope up to its southern extension as a rugged range, it is at the timber
line. The Cretaceous sandstones, resting on the ridge, are here cut up 
more than nearer the Grand. A remnant caps the very summit of the 
ridge, but greater erosion has cut much of the sandstones away, leaving 
the valleys in the granites. 1\fuch of this erosion bas been glacial. The 
valley, which has the steep and rugged slope of the northern ridge of 
the mountains rising from its southern side, and the more even-con
toured massive ridge on its northern side, i . . e., the .first valley north of 



188 GEOLOGICAL SURVEY OF THE TERRITORIES. 

the greater mountains, is a glacier-cut gorge, widening and narrowing, 
with many glacial lakes scattered here and there, while its whole bot
tern is a maze of uneven roche-moutonee, which frost and vegetation are 
now fast breaking down, and gradually obliterating. It has cut deep 
into the granites, apparently leaving the Lower Cretaceous sandstones 
bordering the northern edge, and, farther to the east, where the main 
ridge falls to a lower and flatrtopped spur, the southern edge also. 
Lower down, where these flat-topped spurs fall off rather abruptly, mo
rainal masses run out from their ends on either side, and, first running 
down the valley, finally cross it and join in a bulky terminal mass _be
low, which covers tl;le granite, and then hides the upturned edges of 
the lower sedimentary rocks. One or two of the valleys draining off the 
rolling Park ridge . north of this one present so.me similar features, 
being cut through the sandstones and exposing much metamorphic 
rock. About midway of this ridge, toward the Grand, a higher point 
presents some of the characteristics of a lava mass. It· is probably 
basaltic. 

THE BLUE RIVER OR MOUNT POWELL GROUP. 

The Park range, after its abrupt rise from the broad rolling ridge at 
the north, entirely changes in its characters. It _appears to be a rectan
gular-shaped mountain mass cut into the most profound amphitheatral 
headed gorges, which are separated by the most rugged and sharp saw
like ridges of rock imaginable. The main ridge lies along the south
western side of the mass, and from it the valleys and their sharp sepa
rating ridges trend in a general northeast direction. The northernmost 
spur was composed of a very distinctly and evenly bedded series of 
schists, gneisses, and granites which had a strike nearly with the ridge; 
and a dip of 400 or 500 to the southward. Looked at from the east, the 
general impression is received that all of the large ridges of the range 
have a similar structure. These rugged ridges, in their easternmost 
portions, (see Plate III, section 6, west end,) present a pretty uniform 
general elevation, (a b,) and as the northern ridge expands at its end into 
an even-surfaced table~like mass of rock, the impression is given that all 
of these sharp ridg.es are but the remnants left from the cutting away of 
a plateau-like step which once followed along the mountain-face. These 
ridges also end quite similarly along a pretty straight line, and descend 
to rather a uniform level. Regarding now more particularly the north
ern ten or fifteen miles of the high range, whicq includes but four or five 
of the ridges, it is observed that at the base of each steep end, the low
ered spur does not co·ntinue on as a sharp ridge, but slopes off, a flat-sur
faced, plateau-like area, descending gently eastward, (c d, section 6.) 
Since upon the corresponding area at the base of the northernmost 
ridge great quantities of debris of the Lower Cretacerous sandstones 
were found, abunuantly proving that they covered the area, it appears 
that all of these flattish areas either are now, or have comparatively 
recently been, covered with the same sandstones. Such features would 
seem to indicate that the Cretaceous had once extended high up, or 
quite over the whole range, and that the latter, in its upfolding, had 
received the most pronounced uplifts along certain well-defined lines, 
the intervening portions not being tilted up at high angles. It is by 
such a process that the front range, at least from the Big Thompson 
to the South Platte, has received much of its uplift. 1\tiajor Powell and 
1\lr. Gilbert have noticed similar folds in the Kaibab plateau and adja
cent regions on the great Colorado plateau of Northern Arizona, through 
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there tbe sedimentary beds have not (by many a thousand feet) been 
stripped by erosion from off the underlying rocks. It is a form of mount
ain-building, which I think is not uncommon in the West. 

The caiions issuing from the high Park range, or Blue River lYiount
ains, are glacier-scored, and cut deeply into the metamorphic rocks 
between the supposed Cretaceous covered areas, which lie between their 
mouths. From the edges and ends of these areas commence the moraines, 
which extend valleyward and end in broad indefinite morainal masses, 
reaching nearly to the river. The metamorphic rocks exposed in 
the canons probably extend some distance down them, and finally be
come covered by the moraines, encroaching on it from either side before 
the edges of the Cretaceous sandstones which underlie the main valley 
appear crossing the stream-bed; these edges apparently being covered 
by the moraines, as indicated by section 6. In this section the plateau 
area c d is not shown quite high enough to be ·in its proper relation to 
the moraine. 

From the lower surfaces of the moraines the terraces sweep .off to 
the river, the upper terraced beds evidently lying directly on the mo
raina1 mass; the two formations being probably to a certain extent 
contemporaneous. 

THE SOUTHERN END OF THE WILLIAJYIS RIVER RANGE. 

Opposite the portion of the Blue River range last considered, lies 
the southern end of the more symmetrical portion of the \Villiams 
River range, wllich· terminates at a saddle at P,ass Creek, its highest 
point being nearly midway between that stream and the northern end 
of the range. The Blue River bends near this point, the valley turning 
from a southeast to a south course, in going rip stream. Looking 
down the valley from a point above the bend, the eye sees, then, the 
southern end of the vVilliams 1\Iountains, (see section 6, cast end,) 
with the edges (x, x) of the prominent upper bed of the range running 
across it. As shown in the section. it seems to be folded or faulted 
somewhat. On the south side of 'Pass Creek is Ute Peak, rising 
some 3,800 feet above the Blue. This mass shows as somewhat offset 
to the, east with respect to the vVilliams Mountains. Its western 
face is terraced like the west face of the latter, the uppermost 
bed appearing running prominently across it, with the lower promi
nent bed showing on a portion of the face, and both dipping slightly 
eastward into the mountain, but all the mountain summit is of the 
metamorphic rocks. There are here mica, schist, and gneiss, rather 
finely banded, but somewhat distorted or irregular, with some felds
pathic seams, the strike being about north 100 east, with a dip vertical 
or high to the south. Its eastward slopes carry one at once into a 
count.ry characteristic of the archman rocks and different from the 
valley just left, the first eastward descent being directly to the deep 
canons of the Upper "\Villiams River, and then on and up on to the 
massive, deep-cut spurs leading to the l\1ount Byers and Gray's Peak 
groups of mountains. 

To the south all seems likewise a mountainous region carved from 
the bard metamorphics. The western face of the bard archman rocks, 
which form the summit of the mountain, is abrupt for about a thousand 
feet down to the uppermost Jayer of the sedimentary rocks. Close to 
the base of this steep upper slope some of the sediments dip slightly 
away from it, but their inclination just abreast of the peak is mostly 
toward the latter, at an angle of so or 10o. There passes through 
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here, therefore, a great fault, which separates the· sedimentary rocks of 
the Blue River and Williams Mountains from the metamorphic rocks 
of the peak and the region at the east, the down-throw being on the 
western side. _ 

The sedimentary rocks which form the valley and lower portion of the 
peak cannot be taken at less than nearly 6,000 feet thick, probably much 
more, while the schists of the peak rise more than a thousand feet higher, 
so that, making no allowance 'for an unknown thickness of material 
eroded from the summit of the peak itself, the western side of the fault 
must have moved down, with respect to the eastern side_, a distance of at 
least 7,000 feet. ·· 

This great fault passes northward east of the Williams Mountains, 
but was_ observed nowhere along the Grand, and probably dies out in 
that direction. Southward it appears to form the eastern side of the 
valley of the Blue for S'Ome distance, while it may be the northern con- .. 
tinuation of some of the great faults that occur in the neighborhood of 
1\'Ioun.t Lincoln, but the connection was not traced out at all. 

The beds which make up the west side of the peak are in part the 
same as those of the Williams Mountains. At the base, but best ex
posed on the north side of Pass Creek, or in the south end of the Wil
liams Mountains, are the series of somber, dull-brown sandstones, ex
posed in several heavier beds, with narrower, slatier beds between, 
which lie all along at the base of the range. Those here exposed seem 
to be the upper portion of this zone. It was in those beds that the 
fossils allied to Inocerarnus barabini, (Morton,) before referred to, were 
found, confirming the age of this horizon as being Cretaceous No.5. 

Above follows a slope of shaHer beds, perhaps 500 feet thick, capped 
with the bed of sandstones which forms the upper prominent layer seen 
along the west face of the Williams Mountains. The characters of this 
sandstone I see.m to have failed to record, except that the main massive 
portion was about 80 feet thick. Above were 500 feet, mostly shaly, 
with another harder band of thin-bedded, dull-brown sandstone, about 
40 feet thick on the summit. In the slope of about 600 feet of softer 
beds, lying still above, some black argillaceous shale was observed, and 
at the top harder sandstones, some shaly and dull-brown as before, and 
some white, inclined to saccharoidal, a few of the harder beds being 18 
inches thick. No fossils were observed. Some of the sandstones noticed 
were whitish and reddish, and rather coarse, while a few only seemed 
plainly composed of debris of metamorphic or granitic rocks, and to re~ 
semble therein the characteristic coarse lignitic sandstones of the other 
sections. Indeed, the series seems more to belong to the lignitic hori
zon because lying above the usual thickness and divisions of the Creta
ceous rocks, rather than by the close lithological resemblances so well
marked elsewhere in the park. Though differing from the Cretaceous 
in lithological characters, and having no place in the usual Cretaceous 
series of the park, they yet retain but to a slight degree the characters 
of the lignitic rocks farther north. I have considered- them the same, 
however, and have so represented them on the maps and sections. 
Search would undoubtedly be rewarded with fossils proving their age. 

From the base of the high terraced front of Ute Peak the ·long, low, 
terraced lake-beds sweep out to the Blue, close to the west side of which 
are the lower indefinite masses of morainal matter from the Blue River 
}\fountains, partially confused with the lake-beds. A few miles to the 
south the terraces are broken by a broad, uneven rise lying directly 
across the valley, and through which the river flows in a canon. Ap
proaching it, it is found composed of the Cretaceous beds, th~ harder 
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beds forming ridges running across the main Yalley, and dipping north. 
ward, with the valleys of softer beds between partially filled with the 
terraced beds. l\1:eanwhile, on the west, the fiat areas.at the base of 
the high mountain-spurs, and which I have considered as coYered with 
Cretaceous No.1, have approached the Blue, swinging around to a more 
eastward trend and northward dip, as if to cross the stream; while on the 
east the upper escarpments on the face of Ute Peak are eroded away and 
come to an end, the lower escarpments rising higher, and exposing more 
of the face of the main ridge, thus showing the background of the meta
morphic rocks which compose it. When first encountered crossing the 
valley, the northern Cretaceous ridge dips at an angle of 250 or 30° to 
the north. A little farther on this is followed by a nearly fiat dip, and 
again by a steepening north ward one, showing a refiexed or double 
curvature of the fold. Besides, on the side toward the Ute Peak ridge 
the sedimentaries, instead of dipping down toward it, seem to have 
felt more the action of the fault, and dip slightly away from it, so that 
the valley is now rather a synclinal than a monoclinal, and a synclinal 
with the axis dipping northward, and its eastern edge cut sharply off 
by the great fault which has thrust the archrean rocks so high up upon 
the east, and brought them in direct contact with the edges of its slightly 
upturned lower strata. A little further south, and the edges of the 
Lower Cretaceous quartzites are found swinging across the valley to their 
broken contact with the wall of rock upon the east, and the road passes 
over them on to the granites, which then form the whole floor and sides 
of the valley, though still for a little distance farther some remnants of 
the sedimentary rocks lying up against the fault op. the east side are 
visible. ],rom here for a number of miles southward the valley still 
retains its open though profound character. The southern continuation 
of the Blue River group still rises most ruggedly ·and impressively 
on the west, bordered at its base with great morainal masses; while the 
lowered spurs of the Ute Peak ridge and adjacent mountains border 
the valley on the east; the terraced gravels and sands still occupying 
and concealing the middle portions of the valley: Debris of shales and 
sandstones was observed at a few points, and may indicate the further 
presence of some of the Cretaceous rocks. At the junction of Ten-mile 
Creek from the west and Snake River from the east-the two principal 
iributaries of the Blue-an area of reddish beds occurs; and again, at 
the very southern sources of the drainage, and forming a portion of the 
high mountain divide between it and the South Park, a thick series of 
:sedimentary rocks present themselyes which are apparently of pre-Creta
·ceous age. Neither sufficient examination was here made either to de
.termine their limits or structural relations, nor to ascertrin whether 
-other similar masses might not be present, the region, which is mostly 
composed of the archrean rocks, and contains important and interesting 
mines, being left for the coming season's investigations. 

It is hoped that in the preceding pages the main purpose of these 
reports has been accomplished, viz, to present a description, not only of 
the surface features of the region examined, but also of its interior 1 
structure, as to the nature, position, and extent of the rocky masses 
that compose it, which will be sufficiently clear to be intelligible to 
the general reader interested in our West. It is further hoped, how-
ever, that scattered throi1gh its pages may be found some new facts 
which will ultimately aid in explaining more in detail than heretofore 
some of the problems of the gradual growth of this portion of the con-
tinent, such as the former extent of its lands and waters, and the na-
-t ure of the foldings, dislocations, and erosions which have been mainly 
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instrumental in developing the present state of things and in giving. us 
the country as it is now found. Some conclusions touching such points 
were briefly suggested when the facts upon which they more directly 
deP.ended were described. By considering together many of the facts 
thus separately presented, more extended and interesting conclusions 
may be arrived at, but the facts are confined to too small an area, and 
are as yet too isolated to afford reliable data for generalization, and as 
this is not the .place to collect facts from other sources and regions, the 
temptation to draw general conclusions as to the former history of the 

· district is resisted. 
ARCH. R. l\iARYINE. 

JUNE 19, 1874. 
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REPO .RT 

OF 

A. C. PEALE, M.D., 
GEOLOGIST OF THE SOUTH PARK DIVISION. 

W .A.SHINGTON, D. 0., May 1, 1873. 
SIR : Herewith I hand you my report upon the " South Park District" 

to which I was assigned as geologist during the season of 1873. 
~ofh~i1:iport of Mr. Henry Gannett, who had charge of the division, 

I refer for details of organization, routes followed, and the topographi
cal and geographical features. I have confined myself somewhat strictly 
to the enumeration of geological'facts, leaving deductions and gener
alizations mainly for the final report to be made when the entire terri
tory shall have been explored. 

The limited time at our disposal, the want of an accurate topographi
cal map, and the rugged character of a large portion of the region ex
amined were disadvantages under which we necessarily labored, and 
which will account for any real or apparent deficiencies in the work. 
In .adrlitiori to the absolute value of the results recorded, I am satisfied 
that the data obtained will be of great service to future more detailed 
investigation. 

My plan of work was as follows: With J.\rir. Taggart, my assistant, r 
instituted a division of labor. One of us did the detailed work at or 
near camp ; the other accompanied the topographical party to the sta
tion of the day, and made a drainage-map of the surrounding country, 
upon which the geological boundaries were defined in color. This sta
tion was usually the highest point in the region, and the work done 
from it .v.-us- -6f course based upon the details previously obtained. I 
shall therefore color the final geological map, not from memory nor 
solely from notes, but from field geological maps. By this plan I am 
enabled to present a much larger number of detailed sections than I 
otherwise could have done. 

I have appended io the report the usual catalogues of rocks and min
erals. 

In conclusion, I wish to express my obligations to Mr. William H. 
Taggart, who acted as my assistant, and by his zeal and efficiency con
trib~ted~~!}F~·eiy to the success of our division of the survey. My thanks 
are due to Mr. William H. Rolmes, not only for invaluable illustrations, 
but also for useful notes on several localities not visited by myself. ·I 
desire to thank, also, Messrs. George Summers and M. France, of Colo
rado Springs; Messrs. Stevens and R . .A. Kirker, of Fair Play, and C. 
L. Hill, of Oro City, for favers and information afforded. 

With great respect, I remain your obedient servant, 
A. C. PEALE. 

Dr. F. V. HAYDEN, 
J;[J1Jted States Geolog~t. 

13 G- s 
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CHAPTER I. 

FROM DENVER TO COLORA.DO SPRINGS-FRONT RANGE-BERGEN 
PARK-HAYDEN PA.RK. 

On the 29 th of lVIay the divisien of the expedition with which I was 
connected as geologist left Denver, and proceeded southward to com
mence the summer's work. On the 1st of June we crossed the-northern 
line of our district a short distance north of the mouth of the canon-of 
the South Platte River. Here our work commenced. As we look from 
the plains westward before us rises a plateau-like mass of hills, beyond 
which we discern the snowy peaks of the main range. I will cons1der, 
first, the front range, or the foot-hills, aR they are called by the settlers. 
Seen from a distance, the height of this range seems very uniform. As
cending the hills, however, we find they are much cut up by the yarious 
small streams that drain them. The wnge is made up almost entirely 
of plutonic rocks, so covered up that little can be definitely u13te1'-rniue.d 
in regard to them. North of the Platte canon they were thoroughly 
studied by 1\fr. :Marvine, and to his report I refer the reader. On the 
south the general strike seems to be nearly north and south. The incli
nation at some points seems to be toward the west, and at others to the 
east. There is probably a series of folds, for the elucidation of which 
more time than we were able to give will be required. Toward the out
side of the range the schists are of a bright-red color, from the predom
inance of the crysta,ls of flesh-colored feldspar. They are also porphyr
itic. As we approach the center of the plateau, gray schists prevail, 
mucp finer grained, and containing considerable epidote : theyare also 
more micaceous. The general elevation of the range, two miles south of 
the Platte River, is 6,735* feet. Five miles farther, at Station No.7, it 
is 7,979 feet. About nine miles south of this station we have, on the 
western side of the range, rising considerably above it, a rough granite 
ridge, to which the name Platte :Mountain has been given. Its elevation 
above sea-level is 9,027 feet. About five miles below it the general ele
vation is 8,448 feet, while on the eastern ~dge of the range, twelve miles · 
south of Platte Mountain, the elevation at Station No. 11 is 8,986 feet, 
and this, five miles farther south, at Station No. 12, increases:to 9,124 
feet. We see, therefore, that as we go south there is a gradual rise 
toward Pike's Peak, which seems to be the culminating point. The 
width of the rarige varies somewhat, but it will average from six to eight 
miles. The question of the elevation of the range, as well as the con
sideration of its western slope, I will leave to a subsequent portion of the 
chapter. I will refer next to the sedimentary formations, which are 
·beautifully exposed along the eastern edge of the range, extending from 
our northern to our southern line, south of Pike's Peak. My first sec
tion was made on the south side of the South Platte RiW.r; just as it 
leaves the canon, and flows toward the plains. Its course here is about 
north 700 east. 

Resting immediately upon the granite rocks we have very coarse 
sandstones, mottled red and w bite. Close to the granite the sandstone 
is coarsest, and contains pieces of unchanged granite. In other places 
the sandstone appears to pass by gradation into the granite. They were 

if All the elevations in this report are based on the elevation ·of Denver, which is 
assumed at 5,069 feet above sea-level. 

------ . 
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evidently deposited in shallow water and near a shore-line. The angle 
of inclination is about 65o, and the dip is north 65° east. 

Above, the sandstones soon become uniformly red in color and some
what finer grained. 

Fig. 1, Plate I shows the beds on the north side. of the river, their 
relations being exactly the same as on the south side, where the section 
was made. 

The following is the section : 

Section No. 1, on so~tth side of South Platte River. 

In descending order: 

~. 2. Gray limestone, (fossiliferous)...... . . . . . . . . . . 600(~)feet. 
*. { 1. Fine-grained white limestone, with cross fracture~ 

Cretaceous No. 2,*h. 3. Space covered up. 
~ ' 4. Gray and yellow sandstones, 70 feet .... 1 
j ~ ~ 5. S~aly sa~dstone~, (fossiliferous,) 12 feet. 1 

~~ I 6. F me-gramed wh1te sandstone, 3 feet .... r ....... , .. 930 feet. 
~ ( 7. Husty, yellow sandstones, 245feet ...... I · 
. \ 8. Space covered up, estimated 600 feet . . . . \ 
~ 1 9. ~bite arenaceous_ limestone, 5 feet ....... 1 
~ d ~ 10. Pmk calcareous limestone shal_es } 45 :D t I 
~:<0 t 11. Arenaceous and pebbly limestone ee t ...... . 150 feet .. _ 
§ · 12. Space covered up ....... · ..... } 100 £ t I 
:0 13. Compact red limestone. . . . . . . . ee j 
~ d )14. White sandstone with red bands ................ .. .. 600 feet~ 

l~_ce J 15. Space covered up .................... - ... ~ 1,500 feet t_o 2,000 
.·c 16. Hed sandstones . .......... ~ ...... - .. - . . . :D t 
~H __ 17. Coarse white and red mottled sandstones. ee ·· 

*a. 18. Granite. 

The thicknesses in this section are for the most part estimated. The 
letters correspond with those in Fig. 1. Beds 14 to 17 will still have to 
be considered as Triassic(~ ) both from their general character and their 
position. Although there are exposures of these red sandstones all 
along the edge of the foot-bills from Denver southward, I could find in 
t hem no fossils, even after the most careful search. They are for the 
most part so coarse in.their texture as to be unfavorable for the preser
vation of animal remains. The space No. 15 in the section is, in all 
probability, filled with red sandstone, of which No. 16is the continua
tion. In No. 14, the white portions are somewhat conglomeritic, while· 
the red bands are fine grained and calcareous. The red bands vary in 
thickness from 4 feet to 6 feet, while the others are 20 feet to 30 feet at this. 
place. As we go south, however, we find that these sandstones are very 
irregular in structure. No. 13 is"' blood-red limestone, somewhat irreg
ular in structure, but very hard. Although it contains no fossils, I am 
inclined to consider it, together with beds 9, 10, and 11, as of J urassie: 
age . . Space No. 12 is filled most likely with limestones, while in space 
No. 8 we have at the top greenish shales passing down into limestones 
with the gypsum bed, as seen in some of the sections made farther 
south. The pink calcareous shales (No. 10) pass gradually into the 
limestones (No. 11) in which there are large flinty pebbles. .AU the 
beds covered up in space 8 are probably Jurassic. That these beds 
from No. 8 down to No. 13, inclusive, should be referred to that age, is, 
I think, scarcely to be doubted, not only from their position, but also 

tf The letters given in the sections refer to the illustrations. 
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from the lithological identity with beds that are undoubtedly Jurassic in 
the following section made by Dr. Hayden at Box Elder, in 1869. The 
following is the section made by him in ascending order:* 
1. Brick red sandstone, with irregular laminre, and .all the usual ·signs of 

currents or shallow water. Some of the layers loosely laminated, 
causing projections. Thickness, 300 feet to 400 feet. 

2. Yellow or reddish yellow massive sandstone, 60 feet. 
3. Grayish yellow, rather massive sandstone, 50 feet. 
4. Ashen brown nodular, or indurated clay, with deep, dull purple 

bands ; with some layers of brown and yellow fine-grained sandstone, 
undoubtedly the usual Jurassic beds, with all the lithological characters 
as seen near Lake Como' on the Union Pacific Railroad. Near the 
base of these beds are thin layers of a, fine-grained grayish calcareous 
sandstone, with a species of Ostrea and fragments of Pentacrinus 
astericus. Scattered through this bed are la)-ers or nodules of impure 
limestone, 150 feet to 200 feet. 

5. Sandstone and laminated arenaceous material varying in color from 
dirty brown to grayish white, with layers of fine grayish-white sand
stone, 200 feet. 
Dr. Hayden says, " I do not hesitate to regard the beds described as 

4 and 5 as of Jurassic age, and they are better shown here than at any 
other point between Fort Laramie and the south line of Colorado, on 
the eastern slope of the Rocky Mountains." Nos. 1, 2, and 3 of this 
section correspond to Nos. 16 to 14 of the South Platte section, (No. 1.) 
Beds Nos. 4, 5, 6, and 7 of section No.1 form the main hog-back which 
is so conspicuous along the entire extent of the foot-hilJs. No.4 forms 
the summit of the hog-back, and is a rather fine-grained uniform 
textured siliceous sandstone. All these beds belong to the Dakota 
group No. 1 Cretaceous. Layer No.5 contains a large percentage of 
carbonaceous material, and in it I found fragments of leaves and stems. 
Among the former, Professor Lesquereux has recognized a Proteoides 
very near Proteoides acuta., (Heer.) These shaly sandstones weather of a 
bluish color in places, and are followed by No. 6, which passes into No. 1 
7. The latter has occasional shaly bands, and in some places instead 
of being yellow the sandstone becomes reddish. Space No. 3 is fi1led 
in with No.2 Oretaceous, Fort Benton group, ~nd perhaps a portion of 
No.3 Niobrara division, to which formation also I refer the layers marked 
Nos. 1 and 2. No. 2 is somewhat sandy, and in places is very dark 
colored, ana on being fractured has a perceptible bituminous odor. It 
contains quantities of Ost1·ea and a few Inocerami. East of these beds 
the country is so leveled that the remainder of the Cretaceous forma
tion and the entire extent of the Tertiary bed& are concealed, being 
covered by the local drift from the hills. That the Tertiary layers are 
not far distant, however, is evident, for along the Platte River are ex
posures of lignitic sandstones. Afte~ ·passing out thro~gh the main 
hog-back, (Cretaceous No.1,) the Platte turns to the northward, and its 
course is about north 70 east. The dip of the main hog-back at the 
Platte River is north 650 east; angle 550 to 60o. Fig. 2, Plate I, repre· 
sents a section made at Willow Creek, five miles south of the Platte. 
The dip here is north 550 east; angle of inclination, 500 at the outside, 
increasing to 55° as we go down to the red-beds. It is not necessary to 
give the beds of the section here, as it would be a repetition of the order 
given in the Platte section, (No. 1.) They are so much alike that I will 
refer only to those where there has been some change. The thicknesses 
are about the same. InN o. 14 of the Platte section, at this place, we have 

* Report for 1869, page 19. 
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merely indications of the red bands, the prevailing color oftlie sandstone 
being a creamy yellow. The lower beds are perhaps deeper i.n color and 
not so much mottled as at the point where section No. 1 was made. I was 
unable to carry the section any farther to the eastward. Willow Creek 
after leaving the hog-backs turns and flows nearly northward, emptying 
into the South Platte River five miles below the canon. As we go 
south from Willow Creek, the upturned edges of the sedimentary beds 
are covered up, and between Jackson and Spring Creeks we find resting 
on them sandstones of Tertiary age, which reach to the edge of the 
hills. These sandstones contain fossil leaves in which Professor Les
quereux has recognized Platanus nobilis and a Saba.l. The beds are prob
ably lignitic. On Jackson Creek are some well-defined terraces sloping 
from the mountains. On Spring Oreek the sedimentary ridges again 
show themselves, and on Bear Creek we have them beautifully exposed 
in Pleasant Park. This beautiful little park is studded with pines. Its 
western boundary is the range of foot-hills, while on the east the main 
hog-back (Cretaceous No.1) separates it from the valley of West Plum 
Creek. Bear Creek flows through the park, cutting across the ridges at 
right angles to the strike. Inside the sandstone wall we have ridges of 
sandstone and limestone, giving the park some most picturesque 
scenery. Just before reaching the park, Bear Creek flows in a series of 
cascades through a deep and narrow canon in the foot-hills. Plate II 
shows the outline of a section through Pleasant Park eastward across 
West Plum Creek Valley to one of the mesas between the two branches 
of Plum Creek. The following is the section .: 

Section No. 2, through Pleasant Park. 

In ascending order: 
a.- 1. Granite. . 

\ \ 2. Very coarse white sandstone, 80 feet. 

I 
I 3. Red calcareous sandstone, 4 feet . .--... I 4. Dark purplish cherty limestone, 3 feet. 

~ 5. Compact red sandsto?e in layers of one foot thickne~s, with 
~ I I cross seams of calmte, 15 feet. 
8 G. Red calcareous sandstone, very hard, and with cross cleav-
~~ ~ b.~ age laye_rs of one in?h, 3 feet. , . · . 
§ I I 7. Irregplar limestone, With pebbles of greemsh chert and hme~ 
-£ stone, 3 feet. 
~ I l8. Indistinct outcrop of limestone with chert pebbles and fos-

0 . siliferous: in the upper part of the space we have a 
purplish sandstone, above which is a gray sandstone 

t passing into the next bed, 6 feet. 
\ c.- 9. Coarse white sandstone loosely aggregated. In the upper 

o 1 part of these beds there are bands of red sandstone vary-
'i J ing in thickness from one to three feet, 80 feet. 
·~ I d. { 10. Sp .. ac~ covered up·········-··-··· ~ About 1,500 feet in 
E-l 1 11. Massive red sandstones ........ -. th · k 

l e.-12. Mottled yellow and red sandstones. IC ness. -.. r \ 13. Space . - ... - . -.· . . . . - ...... - .. - . - I 
~ I ~~: ~~~~e~r~~.~~~o-~~ ~i~~~~~~~'- ~ -~e~~ ~ : J 

~ I 116. White limestone, 3 feet .......... ·1 
::::$ j f.~ 17. Space,48 feet .................. .. 

1-:l 1 18. Fine sandy limestone shales, 4 feet. 
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€ i 1
19

· Pi~!et~~~~.l~~.' _1~~~~t_e_c~ .~~~~-e~~.: ~About 461 feet thick . 

. S I L 20. White limestone, 2 feet ............ 'I 
~ \ 21. Space ................. . ....... . 
~ I 22. Gypsum, 81 feet ................ . 
~ I g. l 23. White sandstone, 22 feet . . . . . . . . . 1 

I 24. White limestone, 2 feet .. , .. ,"~ ... I 
l.. h. L 25. Space, 100 feet ................. ) 

i.-26. Massive siliceous sandstones, yellowish, 213 feet. 
j.-27. Space. 
k.-28. Limestones, fossiliferous. 
l.-29. Space, valley of West PluQ.l Creek. 

\ 30. Brown sandstone shales, 2 feet. 
I 31. Space. 
1 32. Yellow sandstone shale, 2 feet. 
I 33. Fine white sandstone, 6 feet. 

n l' 34. Yellow sandstone, 10 feet. 1
' 35. Space. 

36. Yellow sandstone, 60 feet. 
37. Space. 

I 38. Yellow sandstone, 75 feet. 
! 39. Space. 

o.-40. Sandstone conglomerates, 841 feet. 
p.-41. Trachyte, 20 to 30 feet. 

In this section I am inclined to consider all the beds from No. 2-up to 
the base of No. 9 as Carboniferous, a total thickness of about 114 feet. 
None of these lower beds seem to agree with the Silurian layers in Glen 
Eyrie, nor with those found west of the range on Trout Creek. I have 
therefore referred them all to the Carboniferous. Future investigation 
may modify this view. The fossils found in No. 8 (Terebratula and 
Spirijerina,) prove it to be Carboniferous beyond doubt. Layer No.9 is 
the same as No.17 in the Platte River section, (No. 1,) and is the lower 
portion of the Triassic. Nos. 9, 10, 11, and 12, comprehend the beds that 
we have in Nos. 14, 15, 16, ancl17 of the Platte sectiori, (No.1.) .. Here, 
however, they do not appear to be .so thick. The difference may be ap
parent rather than real, as the thicknesses in both cases are only esti
mated. The red sandstones (No. 11) are massive, and present the same 
characters we have seen in the same beds all the way from the Platte 
south ward. Space No. 10 is probably filled with an extension of these 
beds into those of No. 9. The red sandstones in the upper part of No. 
9 are of a dark purplish color. The angle of dip of the lower beds (No. 
2 to 9 inclusive) is 100; at No. 12 the dip has increased to 3oo. The 
red sandstones are not abruptly succeeded by the yellow sandstones of 
No. 12, but there is a gradual change, the upper part of No. 11 being 
somewhat faded, while in the lower · part of No. 12 we find streaks 
and spots of red. These variations in color give the bluff' on which they 
are exposed a rich and beautiful appearance. In the upper part the 
sandstones of No: 12 become very light colored. Space 13, as indicated 
by several indefinite outcrops, must be filled with the continuation of 
the sandstones of No. 12. The dip on the summit of the ridge is north 
65° east. In No. 14 we have the lowest of the beds that I have con
sidered as Jurassic, extending up to space 25. Near the top of No. 19 
is a layer having a very irregular structure, and containing cavities lined 
with crvstals of calcite. The lamination is most decided at the bottom. 
The gypsum bed (No. 22) is well exposed here. As we have it again 
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near Colorado City, it probably continues southward uninterruptedly. 
It can be traced northward as far as Spring Creek, but above that 
point seems to be covered. Whether or not it is present at the 
the Platte River I could not determine, as the space where it wou!d be 
found was covered so that aU the beds were totally concealed. The 
space (No. 21) below the gypsum is probably filled with shales and lime
stones. That above is filled with the shale~ just below No. 1 Cretaceous, 
which is represented in No. 26. The general color of these sandstones 
is a yellowish white, becoming pink below. No. 27 is filled, in all prob
ability, by the sandy shales of Cretaceous No. 3. Everything is con
cealed until we reach 28, where we find the same fossiliferous limestone 
that we have in bed 2 of the Platte section, and outside of it the out
crop of the white, chalky-looking limestone with cross fracture. From 
this outcrop, which forms a low ridge outside of the hog-backs, we have 
no exposures until after we have crossed West~lum Creek, a distance 
of about three-quarters of a mile. This would give us, with the dip at 
10°, a thickness of about 700 feet of strata, mostly the shales of No. 

- 4 and the upper part of No.3, to which No. 28 of the sgction is referred 
and of which it forms the lower part. Beds 30 to 38, inclusive, .I have 
referred to No. 5 Cretaceous, although I could find no fossils to prove 
the correctne~s of the opinion. Their position and lithological charac
ter warrant their being so considered. The dip of these beds is about 
20°. The junction between them and the horizontal sandstones in the 
butte shown in the section could not be seen, as the base of the butte 
is covered with deb1·is. At the base of the butte is a thickness of 
about 840 feet of rather coarse sandstones. Some of the layers are rusty
colored~ and they are nearly, if not quite, horizontal. They are capped 
with a layer of light purplish trachyte. This capping is about 20 feet 
in thickness. The area of this mesa or table-like butte is about 30 
acres. As we approach the Colorado divide, the Tertiary sandstones 
reach to the mountains, resting on the upturned edges of the older 
formations. Plum Creek and its branches have cut their valleys 
through these sandstones and conglomerates. Throughout the valley 
of Plum Creek we find numerous mesas, and all that I visited were 
capped with trachyte. The origin of this volcanic material I was 
unable to determine. These sandstones probably belong to the Mon
ument Creek group, and once _ extended to the edge of the mount
ains along the whole range as we still see them on the divide. The 
summits of the mesas show us the original surface before the eroding 
agents had commenced their work. The Colorado divide, or Pinery, is a, 
ridge with a wesa-like top extending eastward from the mountains. It 
is merely the undisturbed sandstones of the Monument Creek group, 
capped with the trachyte layer, and forms the water-divide between the 
branches of ~:fonument Creek. which flow southward to the Arkansas 
River, and the waters of Plum Creek, which empty to the northward in 
the South Platte River. The divide is well timbered, and is already the 
seat of an extensive lumber trade. The shrill whistle of the steam saw
mill echoes and re-echoes among the hills, .while the valleys are all being 
rapidly settled and the capabilities of the land for agricultural pursuits 
being demonstra,ted. On the divide close to the mountains, the eroding 
forces have cut a narrow pass in the Monument Creek group, and the 
fragments of these sandstones are seen resting immediately on the 
granites, while to the eastward the beds continue uninterruptedly. 

This pass is about half a mile in width, and through it the Denver and 
Rio Grande Railroad crosses on its way southward. In the sandy debris-
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on the divide, and on either side, very good crystals of smoky quartz 
ar~ found. Crossing the divide, we find ourselves on the branc~es . of 
Monument Creek. On this side, the overlying sandstones have been 
subjected to less erosure than on the north side, and with the ex
ception of a few indistinct outcrops of the red-beds a short distance 
south ·of the divide, the underlying formations are concealed until we 
get within a few miles of Colorado City. Between the branches of Mon
ument Creek on the western side we have sloping from the mountains 
eastward long grassy terraces. Monument Creek flows in a southerly 
direction, and the general slope of ·the country from the divide is south
ward. As we go down the creek the sandstones of the Monument Creek 
group rise like long lines of fortifications and castle-walls on the eastern 
side. On the western side also we have remnants left. There are, just 
south of Beaver Creek, several monument-like forms that are perfectly 
isolated. The terraces bere are about 96 feet above the level of the creek. 
This height is near the mouth of Deadman's Creek, the first creek south 
of Beaver Creek. As we go toward the mountain, of course the eleva
tion increases. Thus at the point given above the elevation is 6,592 · 
feet above sea-level. On West Monument Creek, three miles farther 
south, and about two and a half miles west of the previous station, the 
elevation is 7,014 feet. In Monument Park we find the .sandstones. 
curiously eroded, so that there are monuments and pillars scattered 
throughout its extent, from which fact it derives its name. The follow
ing description is mainly from the notes of Mr. Taggart: The park lies 
south of West Monument Creek, and is an . elliptical basin, about two 
miles in length from east to west, and three-quarters of a mile in width 
north and south. It extends from Monument Creek westward. where it 
is bounded by the ridge of sandstone (Cretaceous No. 1) which forms 
the main hog-back. The columns and monuments are found in two 
ridges that run lengthwise through the park. These monuments are 
from 12 to 25 feet in height, and are composed of sandstones of the 
Monument Creek group. The lower third of the exposed rock is fine
grained, containing argillaceous layers, and also carbonaceous shales. 
Above, the sandstone is very coarse, becoming almostconglomeritic. It 
is from the breaking down of these layers that the local dr.ift, found 
along the edge of mountains, is derived. The capping of the monu
ments is a dark ferruginous sandstone conglomerate, very hard, the 
sand and pebbles being cemented by iron. This layPr is about 12 inches 
thick, and being so much harder than the underlying sandstone, has 
been more successful in withstanding the eroding influences, and in some 
places we see it extending continuously over a number of the columns. 
West of Monument Park, .and forming its boundary in that direction, 
we find the massive sandstone of No. 1 dipping under the Monument 
Creek group. From this point south ward to a point below Colorado City 
we have this sandstone and· the underlying strata well shown. The 
west section, perhaps~ is shown in Glen Eyrie, a .beautiful little canon,. 
which Camp Creek has cut through the granite and superimposed strata 
at the "Little Garden of the Gods," about two miles above Colorado, 
City. In the cafiou the creek flows in an almost easterly direction. 
After getting outside of the hog-back it turns abruptly and flows due . 
south along the strike of the upturned shales and ·sandstones. 

The following section is made from Glen Eyrie, eastward, to Camp 
Creek, aud is in ascending order corresponding with Fig. 2, Plate III. 
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Section No. 3. 
o. 1. Granite . 

..- \ 2. Coarse grayish white sandstone, 20 feet.' 

~ 4. Coarse gray sandstone, 6 feet. . . . . . . . . . . ...... 40 feet. 
~ I 3. Coarse dark-green sandstone, 4 feet .... ~ 
~ 5. Brick-red sandstone, with green layers, . . . 

] ~ ·I . 6. Re~0 a~3tg~e·e-~i-sh.li~~~t~~~; 5 -f~~t ~ ~ ~ : :: 1 · 
-8 a 7. Irregularly laminated limestone, 3 feet .. I 
8 ~ ~ 8. Red limest~ne, 1 foot_ ............ _ . . . . ( ........ 19 feet. 
-o ~ I 9. Red shaly hmestone,.1 foot ............ ! 
$:l """"'~ 10. Red limestone, 2 feet .... . ............ . 
~ ~~ 11. Red limeston~, with flint nodules, 7 feet. 
@ l12. Limestone, with interlaminated shales, 7 feet. 
·~ 13. Red shaly limestones, with fragments of fossils, (Silur.,) 4 
.S feet. 
w 14. Gray purplish and yellow limestones, 279 feet. 

-~ ) ~· 15. Space: · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · } about 1,000 feet. 
ffi ~ ~. 16. Masss1 ve red sandstones ......... , .... . 
. S 1 h. 17. Space of 200 feet. 
~ l g. 18. White sandstone, becoming pink below 60 feet. · · 

\ 19. Calcareous shales, dark and light red, with green layers, 20 
1 feet. 

I 
20. Pink-mottled shales, 1 foot. 

0 21. Light-red sandstone, 2 feet. . 
-~ . 1 2~. Red calcareous shales ................. · · · · · } .. 7 inches. 
~ '-. ~ 2a. Green calcareous shales ................... . 
S I 24. Brick-red shales, 6 inches. 
~ 25. Compact sandstone, 3 inches. 

26. Fine-red calcareous shales, 6 inches. 
1 27. Sandstone shale, 6 inches. 
l.. 28. Gray arenaceous limestone, 5 feet. 

e. 29. Space, 57 feet. 
\ 30. Gypsum bed, 57 feet. 

1

31. Soft gray sandstone, 3 feet. 
32. Compact limestone, 2 feet. 

1

33. Pebbly limestone, 2 feet. 
34. Compact gray limestone, 18 inches. 

1
35. Hard calcareous clay shales, 4 feet. 
36. Space, 49 feet. 

\ d.~ 37. White massive sandstone, 200 feet. 

1

38. White fine-grained sandstone, becoming yellow I 
as we go down; again white near the bot- 1 

I 
tom, we have a layer that is lignitic, contain- r 

00 ing fragments of stems and leav~s. This is ... 57 feet. 
g I just below the yellow layer in which I found 

~ 1 L f~~f~~~tts. ~~ ·s-~~1~~ ~~~~~~:~)-~~~~ ~~r~-~~~: -~ 
~ 1·o c. 39. Space, 150 feet. 

0 ~ \ 40. White shaly limestone ..................... ~ 
~ 1 41. Bluish calcareous and argillaceous shales. . . . . .. 36 feet. 

I ~ ~ 42. White shaly limestone, (fossiliferous) ....... . 
..-:i 1 43. Dar~-g~ay limeston~, (fossiliferous) .... " ..... } .... 46feet. 

l t:3 l44. White limestone, with cross fracture......... . 
This section extends over about three-quarters of a mile. · 
Beds No.2 to No. 14, inclusive, have a dip of only 10o, and are all 
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older than TriaRsic. From No. 13 down all is Silurian. Perhaps the 
limestones of No. 14 should be referre8. to a higher horizon. Beds Nos. 
2 to 5 I have referred to the Potsdam group, while those just above .are 
undoubtedly Gf the Quebec group, as in beds lithologica,lly ·the same in 
the western side of the range I found characteristic fossils. I found in 
them Terebratula and Crania. In these beds, also in the Ute Pass, in 
1869, Dr. Hayden found Ophileta complanata, Bucanella nana, (Meek,) and 
other species, from which Professor Meek referred the beds to the 
Calciferous division of the Lower Silurian.* The line of junction be
tween No. 14 and No. 16 could not be seen, as it was covered with debris. 
The massive red sandstones of No. 16 (No. 16 of section No.1, and No. 
1 of section No.3) are here tipped 50 past the vertical, and the weath
ering of these ridges has given rise to the peculiar forms seen in the 
''Garden of the Gods," and which have been .fully described in previous 
reports. These sandstones have here the same general characters that 
we have noticed all along the range. They are still coarse-grained, 
giving evidence of their deposition in shallow waters. I was unable to 
get the thickness of the beds, but estimated it, including No. 18 and 
the space between, at about 1,000 feet. From No. 19 up to the bottom 
of No. 37, we have the layers that I have considered as Jurassic. In the 
gypsum bed (No. 30) I found some selenite and some fair pieces of satin 
spar. Nos. 37 and 38 represent the No. 1 Cretaceous, while the space 
just above, (No. 39,) which is in all probability filled with shales, be
longs to the Fort Benton group. Bed No. 40 is · filled with excellent 
specimens of Inoceramus, while in No. 43 we have quantities of Ostrea. 
This bed has the same bituminous odor on brea,king that I noticed at 
points farther north. The dip of these beds is about due east, at an 
angle of 30°. This angle as we go down increases quite rapidly. At 
No. 40 it is 550; at No. 38 it is 6oo, and at No. 39, 650 to 70o; below 
this it decreases to 5oo, and at No. 18 the beds are vertical, while the 
red-beds (No. 16) are tipped past the vertical, as we have already seen. 
Between Camp Creek and Monument Creek, a distance of about two 

· miles and a half, there is a drift-covered mesa, in which the beds are 
entirely concealed. They belong probably for the most part to No. 4 
Cretaceous, and perhaps the upper portion of No. 3. In the banks of 
Monument Creek we find the upper portion of the black shales of No.4. 
In the bed of the creek, a few miles above Colorado City, we find a bed 
of hard, bluish limestone, which is in thin layers, and ·contains Inocera
'1nus and other cretaceous fossils. Above this there are brownish and 
black shales, all more or less fossiliferous. Above the black shales we 
ha\e a thin layer of sandstone, containing Baculites and Ammonites. 
Above this are sandstones. Abov-e the cretaceous layers are the lig
nitic beds. These have been studied by Professor Lesquereux, and I 
refer to his reportt for the details. I will only insert here a section 
made by him at Gehrung's coal-mine : 
1. Brown laminated fire-clay or chocolate-colored soft shale, a 

compound of remains of rootlets and leaves and branches 
of undeterminable conifers ........... , . . . . . . . . . . . . . . . 2 feet. 

2. Coal, soft, disaggregating under atmospheric influence. . . 2 feet. 
3. Chocolate-colored clay-shale, likeN o. 1, with a still greater 

proportion of vegetable debris . ............ < • • • • • • • • • • . 6 feet. 
4. Soft yellowish coarse sandstone iii bank. . . . . . . . . . . . . . . . 8 feet. 
5. Clay, shale, and shaly sandstone covered slope .......... 130 feet. 

*Report 1870, United States Geological Survey, page 287. 
t Report 187~, page 325. 
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6. Soft laminated clay, interlaid by bands of limonite iron 
ore, thin lignite seams, and fossil-wood ............... . 

7. Lignitic black clay, in banks ........................... . 
S. Fine-grained conglomerate ........................... . 
9. Fine-grained sandstone .............................. . 

10. Ooarse conglomerate. . . . . . . . . . . . . . . . . ............... . 
11. Sandstone . _ . . .... _ . . . . . . . . . . . . . . . . . . . . . . .......... . 
12. Ferruginous hard conglomerate .......... ..... ...... _. _. 
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88 feet. 
32 feet. 

112 feet. 
4 feet. 
7 feet. 
3 feet. 

32 feet. 

426 feet. 

'I'hc coal found here is of poor quality, and at present I believe the 
mine is not worked. Professor Lesquereux found the following leaves 
in the sandstone, No. 4 of the section: Saballeaves, Platanus Haydenii, 
Newb., Dombeyopsis obtusa, Lesq., and Ficus tilicejolia, A. Br. Through 
t he kindness of Mr. France, of Colorado Springs, I was taken to an out
crop of coal twelve miles east of Colorado Springs. vVe could see only 
the top of tbe coal-bed, which was exposed in the dry bed of a creek. I 
was told that the bed was 9 feet ]n thickness. All the coal I saw was 
of very poor quality, having been expoRed for some time to the weather. · 
Just a bovc the coal, there is a bed of chocolate-colored clay shale filled 
with fragments of leaves and stems. This bed is about 2 or 3 feet in 
thickness, and above it is a very soft yellow sandstone, in which I found 
irnpressioi1s of leaves, among which Professor Lesquereux has recog
nized Rhamn·us Cleburni, l1esq., Sabal leaves, Ficus spectabilis, Lesq., a 
Pali Urns, and a Q1wrcus. These plants characterize the layers as be
longing to the lignitic group, as do also the' beds at Gehrung's, to 
which they so closely correspond. The clay shale on top of the coal is 
preeisely like the clay of No. 3, in the section made by Professor Les
querebx, while the yellow sandstone in which I found the' fossils is 
evidently the same as No. 4. A short distance west of this outcrop, 
there are rnassi,re beds of white sandstones and conglomerates corre
sponding to the sandRtones and conglomerates given in the section 
above the eoal. ·These are the beds that, seen from Colorado Springs 
looking northward, appear like huge castle-walls. Even out on the 
plains they stand up in bluffs. J nst west of them, at the latter 
place, I visited an opening that had been made in hopes (not rea.lized) 
of finding coal. The shaft had been carried a distance of about 50 
feet into a lignitic cla}, corresponding, I think, to beds 6 and 7 of the 
Gehrung section. All these beds out in the plains are nearly horizon
tal, dipping perhaps 30 to the northward. 

Returning again to the upturned sedimentary formations near the 
mountains, both the dip and strike vary considerably. Thus, in the Cre
taceous layers on Camp Creek, it is 3oo at the point where section No. 
3 was made. This dip was taken on bed 44 of section No. 3. It repre
sents a portion of the Fort Benton group. Following this to the south
ward, we find the dip increases rapidly. On the high ridge of Creta.
ceous No. 1, beds 37 and 38 of section 3, near Glen Byrie, it is 650 to 
70o. Going south, and crossing the"' Fontaine qui boule," the beds 
iucline past the vertical; and still farther so;Ith, on Bear Creek, they 
a re vertical. The dip then decreases after crossing Bear Creek. As we 
go westward, however, to the older formations, the angle of inclination 
is Yery much smaller. Thus in Glen Eyrie it is only 1oo, while in the 
Ute Pass the older sandstones rest upon the granites, inclining at vari
ous angles, but never exceeding 20°. Returning again to the hog-back, 
we observe in Fig. 1, Plate III., that the strike also varies. · Opposite 
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Glen Eyrie it is north and south. This turns slightly to the eastward, 
until we reach the" Fontaine qui boule," when there is rathAr an abrupt 
turn to the west. Between the " Fontaine" and Bear Creek the strike is 
N. 400 east to S. 400 west. Where the strata cross the creek is still 
another turn to the eastward, and the strike here is north 250 east. 
On the south side of the creek is a more abrupt turn, and the strike is 
south 150 east. From this point southward the beds are entirely con
cealed, and do not appear again until we get south of Cheyenne 1\iount
ain, where they are in Dr. Endlich's district, and will be conslde~ed in 
his report. 

In section No. 3, we have seen that the lower beds (Silurian) dip at 
an angle of only 1oo, while the red-beds (Triassic?) just above are 
tipped 50· degrees past the vertical, and that the inclinatfon of the 
succeeding layers becomes less and less as we go eastward, until on 
Monument Creek it is only 50. This variation, especially the abrupt 
change from the Silurian to the Triassic, can, I think, be best explained 
as follows: After the deposition of the Silurian, and possibly the Car
boniferous beds, there was an elevation of .the range north of Pike's 
Peak, the peak itself being the center of elevation. Succeeding this, 
we have the period during which the red sandstones were depm;ited. 
These beds. near the Silurian shore had a slight inclination, perhaps only 
a fraction of a degree. Then, after the deposition of the red sandstones 
and the succeeding layers, there was a second elevation of comparatively 
modern date, which tipped up the sedimentary formations. as we now 
find them along the entire range. This force at the foot of Pike's Peak 
caused the slightly-inclined red-beds to be tipped past the vertical. 
The following explanation also is possible: It may be that the difference 
in the angle of inclination is due simply to a fold, an.d that the red sand
stones that we ought to find resting on N o.14 of section No.3 have from 
their softness been entirely removed, leaving only the vertical portions. 
If this be so, we should expect to discover beneath the surface that the 
lower limestones conform to the Triassic beds, (No. 16, section 3.) The 
case then would be analagous to that near Golden, which is described 
in Mr. Marvine's report. · 

At the foot · of Pike's Peak, around the northeast side, during the 
Silurian age, a bay probably extended in to the westward. That it ever 
extended across to the west side is exceedingly improbable. The beds 
extend farther up on the hills here than at any other point north of 
the peak. At the South Platte River, in section No. 1, the Triassic (~) 
sandstones rest immediately upon the granite. and it is not until we 
get some distance south that we have any older beds exposed. At Pleas
ant Park we have Carboniferous beds beneath the Triassic layers, but 
it is not until we get to Glen Eyrie-that undoubted Silurian shows itself. 
That both the Silurian and Carboniferous layers are beneath the red
beds (Triassic~) along the entire rang~ is scarcely to be doubted. Their 
non-appearance to the northward can be readily explained. The force 
that elevated the range radiating from the center at Pike's Peak, and 
very likely also from .Mount Evans to the northeast from the first point 
and eastward from the second, caused a general elevation of the plains 
to the northeast and east. This elevation would enlarge the ancient 
sea-border, and cause the succeeding deposits to overlap the older ones, 
and therefore rest immediately on the granite. · 

The same effect might of course have been prouuced by a general de
pression of the country. In this case, however, I think it is improbable 
that depression has been the cause. All the. facts seem to point toward 
an elevation. The overlapping diminishes as we go southward. 'fhe 
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difference in dip between the Silurian and the Triassic in section No. 4, 
also points to an elevation rather than depression. Near Pike's Peak 
the forc.e was direct enough to elevate the Silurian layers above the sea, 
and cause them to form part of the shore-line, while the bonler of the 
sea retreated to the eastward. To the north and northeast, however, 
the force was more widely distributed, the elevation more general, and 
we have the margin of the sea more to the westward. The widening of 
the sea-borders would, of course, result in a shallower sea, and the char
acter of the red sandstones points to a comparatively shallow sea during 
their formation, while their structure shows them to have been derived 
in all probability from the red porphyritic granite found along the 
margin of the foot-hills from Denver southward. 

Pike's Peak is composed of. a very fine-grained reddish granite. It is 
a question whether the rock is eruptive or metamorphic; I incline, how
ever, to the opinion that it is metamorphic. About the base of the peak 
I found, rather abundantly, good crystals of ama:zon stone (green feld
spar) and smoky quartz. 

It is doubtful whether the sedimentary beds ever extended across the 
range of foot-hills from the east to the west side. There is no positive 
evidence anywhere along the range that they did. No remnants are to 
be found on the plateau, and it is scarcely probable that the beds would 
have continued uninterruptedly across without having left some trace. 
The nearest approach · is near the foot of Pike's Peak, where the older 
formations extend for some distance up on the hills near the Ute Pass; 
but this, as I have before said, is due to theexistencehere, during Silurian 
times, of a bay extending to the westward. I do not think it reached 
to the head of West Creek, although, as we will see further on, the Silu
rian beds on Trout Creek are exactly like those in Glen Eyrie. Taking 
a general view of the sedimentary formations along the eastern flank of 
the mountains, we see that the red sandstones have their greatest devel
opment near the exit of the South Platte from the mountains, and that 
as we go south ward they become much thinner. This is shown by the 
sections in Plate IV. In No.1, the section at the Platte, the red-beds 
have an approximate thickness of 2,000 feet, which at Pleasant Park, 
No. 2 in the plate, has decreased to 1,280 feet. At Camp Oreek, sec
tion No. 3 in the diagram, I was unable to ascertain the exact thickness, 
as the line of junction between the red-beds and those next below was 
very obscure. I have, however, estimated the thickness at 1,000 feet. 
With the exception of No.1 Cretaceous, the other beds also decrease to 
the southward, as seen in the diagram. 

Oonsidering the strike, we find that north of the divide, or Pinery as 
it is sometimes called, it is very uniform. Thus, at the Platte, it is north 
25° west; at Willow Creek, north 350 west; and at Pleasant Park, 
north 300 west. Below the divide is a turn to the westward, and east 
of Glen Eyrie the strike is north and south. From this point, ·as we 
have already seen, the stri}{e changes. I have already treated of the 
dips. 

The Garden of the Gods, the springs, and the va,rious beautiful canons 
about the foot of Pike's Peak have been so fully described in previous 
reports that I will but refer to them here. It is to their attraction, per
haps, that Colorado Springs and the village of Manitou owe their pros
perity. Within a year the former town has more than doubled, both in 
size and population. At Manitou is a large hotel for the accommodation 
of the visitors that every summer resort to the springs. There are also 
many beautiful cottages about the 'Springs, and the springs themselves 
are inclosed in tasteful pavilions. 

, . 
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It will be necessary here to give only this year's observations, and 
for details the reader is referred to the reports of 1869 and 1872. 

· The water from one of the springs has been devoted to bathing pur
poses, and is conducted in iron pipes from the spring to bath-houses 
near by. The following temperature-s were taken by 1\fr. Taggart : 

Temperatures J~me 12, 1873. 

N arne of spring. 

Shoshone .............................................. . . 
Navajo, or Bathing Spring ..••..........•.•..•.......••.•. 
Manitou, or Doctor Spring ...•.•.••.....•..........••••... 
Little Chief .••••••••••••....•.....•••...........•.....•.. 
Iron Ute .......•••••..•..........•.....•..•...•......... 

Temperat~tres June 17, 1873. 

Name of spring. 

~ 
I> 
1-< 
<ll w. 

,.::::l 
0 • 

I=) 
0 

'+-!:.3 
0 

(!) 

8 
H 

P.M. 
12.20 
12.25 
12.30 
1.10 
1. 20 

~oiJ 
<:el=l 
R"i:: 
~ 

~ell 
<ll'+-1 
1-<0 
JL. .. ~ 
"" "'"' 1-<<ll 
<ll,.c:l 
~I=) 
S<ll 
<lll-< 
~ ---

0 

60 
60 
59 
4H 
54 

~-
R.~ ce 
~~ 
E~ ... 
<:e"'"' 

~~ 
~I=) 

s~ 
(!) 

~ 
---

0 

72 
72 
GS.;) 
74 
72 

-----------------------------------------1-----------

Shoshone .••.••••....••••••.........••....•.............. 
Nav9jo .•••..•••.......••••••..•.•••••..••.•. ••••o• •••••• 

Manitou .••••..•.••.•.••••..••.•..•.•••••••......•.••.... 
Comanche .•••••••......•.............•.......•••....•... 
Little Chief •...••••.•••..••................••........... 
Iron Ute ...•.................•.....•.................... 
Spring on road near Ute Pass ..•.....•.............. • ..... 

A.M. 
9.25 
9.30 
9.35 
9.38 

10 
10.05 
10.25 

0 

59 
58 
58 
60 
45 
48 
53 

0 

77 
78 
78 
78 
74 
72 
70 

The Shoshone, the Navajo, the Manitou, and the Uomancne are on 
the "Fontaine qui bouile" all being on the right bank except the Mani
tou. The Shoshone gives off a great deal of gas, the Navajo a medium 
quantity, while· 1the Manitou gives out very little. The latter has the 
best tasting water. The-Iron Ute and the Little Chief are on Rux
ton's Creek, a short distance above the" Fontaine." 

They are distinguished by having a larger percentage of iron than any 
of the rest. The "Little Chief" gives off a moderate amount of gas 
irregularly, while the ''Iron-Ute" is . quiescent. The last spring given 
in the second table is on the bank of the Fontaine, near the Ute Pass 
road, a short distance below the falls. Its water is very agreeable to 
the taste, but as the spring is some distance from the others, it is not so 
generally used. Leaving the eastern side of the mountains, we fol
lowed the "Fontaine" to its head, through the beautiful and picturesque 
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ca,non which it has cut in the granite. Near the head of the creek we 
again meet with the sedimentary formations, having a dip to the north 
and northwest. }..,ollowing the beds to the northward, the dip turns more 
and more to the west. The northerly dip is, therefore, the result of the 
elevation of the mass .of which Pike's Peak is the center. Leaving the 
Fontaine, we cross to the head of Trout Creek, the branches of which 
drain the country to the northwest of Pike, and, flowing northward 
through Bergen Park, empty into the South Platte in the canon. At 
the extreme head the creek is among granites and schists. Just above 
Bergen Park the main stream flows .through a small canon, in which we 
have outcrops of a dark purplish red sandstone, seemingly very much 
metamorphosed, and having a dip to the east. Just above this is a soft, 
grayish sandstone, on top of which is a red sandstone like that .beneath. 
These outcrops are indistinct, and the angle of dip could not be ascer
t ained. Emerging from this canon we come out into an open valley, in 
which there is a small settlement clustered about a saw-mill. The rocks 
are all covered with debris, and the eastern side is so heavily timbered 
that little can be seen. As we approach the range to the eastward we 
will doubtless find the same beds that we see so well exposed to the north
ward with a westerly dip. .A.t the lower end of the valley the creek enters 
a canon, of a.bout a mile and a half in length, in the granites, from which 
it flows into Bergen Park. The park is about eight miles in length, and 

· will average about three in width. It is, I think, the axis of a synclinal 
fold, although I cannot be positive, as everything on the western side 
is so much obscured. The beds seen in the small canon referred to 
above dipping to the east, and a few indefinite exposures farther south 
seeming to dip in the same direction, point toward the existence of a 
synclinal fold, the center of which is filled with red sandstones, (Triassic.) 
Through this park the creekflows in a direction a little west of north. 
At the lower end we have monument-like masses of red standstone re
sembling those seen east of the mountains. These red-beds have a 
westerly dip, and incline at very low angles, not exceeding 1 oo to 15° . 
.At the lower ~nd of the park the creek enters a canon-like valley, 
which is about a quarter of a mile in width. At the entrance to this 
valley there are on either side the massive red sandstones which on the 
west side rise in high bluffs. On the east side the surface of the country 
is more rounded and smoothed off, while we have numerous canons cut 
by the streams that drain the western side of the Front range. Fol
lowing up the first small creek that joins the main stream after it en
ters tbe valley, we observe that the red-beds become lighter and lighter 
in color until they are· pink. They are also conglomeritic. These lower 
layers are followed by massive white limestone; this limestone is suc
ceeded by white and pink shaly limestones, which are superimposed on 
sandstones that rest on the granite. 

The following is a section from the red-beds down. The thicknesses 
are estimated : 

1. Red beds. 
2. Red and pink conglomeritic sandstone. . . . . . . . . . . . . . . . . . 50 feet. 
3. White massive limestone . . . . . . . . . . . • . .... -- .. -- .... · · } 100 feet. 
4. Sh~ly white limestone ....... ............•.............. 
5. Pink limestone, somewhat shaly. . . . . . . . . . . . . . . . . . . . . . . . . · 30 feet. 
6. Green sandstone ................. ~ . . . . • . . . . . .. • . . . . . . . . 4 feet. 
7. Brown purplish sandstone ......... _ ......•.... _....... 6 feet. 
8. Yell ow sandstone. 
9. Granite. 
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The angle of inclination is 5 to 100. 
As we go down Trout Creek the sedimentary beds are influenced by 

the ~mass of mountains to the northward. The strike of the beds 
crosses the creek, and instead of the bluffs on the west side of the 
creek being red sandstones, they are first the massive white limestone 
and then the pink limestones underlaid with sandstone. The creek 
then enters a granite canon, which has here and there isolated points 
capped with remnants of the sandstones under the limestones of the sec-

. tion given above. The dip as we go down the creek changes more and 
more to the southward until, just above the canon, it is south 250 west. 
Still farther below it is south 850 west. The following sections are made 
across Trout Creek, just above the canon, the head of which is a few 
miles below the foot of Bergen Park. Section No. 4 is made through 
the bluff on the west side, w bile No. 5 is made on the east side ; both 
are in ascending order : 

No.4. No.5. 
Feet. Feet. 

1. Granitic. 
2. Yellow sandstone ....................... ~ ..... · ·. · · } 73 } 65 
3. Pinkish sandstone . . . . . . . . . . . . .. . . . . . . . . . . . . ...... . 
4. Dark, purplish-brown sandstone .......... --. . . . • . . . 16 13 
5. Green ~andstone ...................... ~ . . . . . . . . . . . 4 3 
6. B!ood-~ed calcareous sandstone ...•........... _· .... } · '54 } 60 
7. P1nk limestones ..................... .- ... . .. . .... . 

Beds No. 6 and 7 are fossiliferous, and belong in all probability to the 
Quebec group, while the sandstones . below are Potsdam. In No. 6 I 
found Lingulepis and Obolus, and in No. 7 an Orthis, which Professor 
Meek says is very much like 0. des~nopleura, l\ieek. Also, Euomphalus, 
A.saphus, (Megalaspis,) Conocoryphe, Lingula, Bathyurus, and Paradoxides 
or Olen us. On the east side of the creek, in bed No. 2, are several 
small faults, which are merely local. In the canon the course of the 
creek, instead of being north, is about northwest. It is there joined by 
West Creek, which, for most of its course, is parallel t o Trout Creek, 
from which it is separated by a granite ri<lge. The canon at the time 
of the year we visited it was impass8,ble. Ascending the hills we see 

• all about us patches of sedimentary beds. · In some places we have 
merely portions of the lower yellow sandstone, mostly soft, but often 
quartzitic, while in other places we will see all the sandstones and por
tions of the overlying pink limestones. Fig. - is a section from West 
Creek across Trout Creek and the plateau eastward to Pleasant Park, a 
distance of about eleven miles. It will be seen that the dip on the west 
side of the range is very much less than it is on the east side, and that 
the beds extend farther up on the plateau. This appears to indicate 
that the beds may have extended across the range. Section No.6 was 
made at the point marked C in the Fig. 1, Plate V, and is from below 
upward. 

Section No. 6. 
Thickness 

in feet. 
1. Red limestone, (fossiliferous) . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . 26 
2. Light shaly limestone ............. : .....•... & • • • • • • • • • • • • • • • 20 
3. Red limestone ..... · .....•............. - - •.... · · · · · · · · · · · - · - · } 34 
4. Purplish sandstone . . . . . . . . . . . . . .. . . . ........................ . 
5. Mottled limestone ......•........................ ~ • . . . . . . • . . 3 
6. Yellowish-white limestone ..•... · .... .. .................... ~... 20 

103 
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The lower part of the blu:tl' is covered with debris, but as seen from 
the other sections made near this locality, is probably composed of the 
Potsdam sandstone. Bed No. 1 contains Orthis, Bathyurus Saffordi, (Bil
lings,) and .Lingu.lepis or Lingula. Whether the yellow limestone, bed 
6, belongs to the Silurian or to the Carboniferous is .uncertain. Careful 
search revealed no fossils. I think it probable that it is the equivalent 
of the Niagara limes_tone. The angle of inclination of these beds is 15°. 
Just above we have beds of massive white lim(jstone. Going westward 
we pass over a rolling country which, as a few outcrops indicate, is un
derlaid by soft red and gray sandstones, the latter being above the red
beds, and dipping at an angle of from 100 to 12°. We then begin. to 
ascend the bills, and find them so covered with debris that very little 
can be seen. I think, however, that the illustration, Fig. 1, Plate V, 
presents the correct view of the beds. The ridge above "\Vest Creek is 
granitic, giving a red debris. The elevation of the ridge is about 7,556 
feet. 

Returning to the east side of Trout Creek and following one of the 
little streams toward its source, we find that only the Silurian layers are 
to be seen resting on the granite. Section No. 7 is made at the point . 
B in Figs. 1 and 2, Plate V. 

Section No.7. 

1. Granitic. 

Thickness 
in feet. 

2. \Vhite and yellowish sandstone ...... ~. . . . . . . . . . . . . . . . . 431 
3. Pink sandstone ...•..............•............ - . . . . . . . 16 67 ft" 
4. Dark purplish-brown sandstone ................ -. · .. --- 5

3 
·· 

5. Green sandstone ..................................... . 
6. Brick-red sbaly limestone.. . . . . . . ................ ·. . . . 19 
7. Pale-pink and gray limestones ............ . ............ ~ 16 
8. Pink limestones. 

About 6 feet below the top of bed No. 3 is a layer of pink quartzite 
which, at the point where the section was made, was only 2 feet in width. 
On following the bed northward, however, it jncreases to 4 or 5 feet. 
At the top of No. 3 is a sbaly layer 2 feet thick, in red and pink bands. 
Nos. 4 and 5 are alike except in. color. They are very coarse-grained 
and soft. The red limestones (No. 6) are full of green spots, probably 
glauconite. In the limestones •the same fossils occur that we found on 
Trout Creek. They cap the hill. Between B and C in the figures on 
Plate V huge ·granite boulders are strewn over the surface. The granite 
is soft, and readily disintegrates. The feldspar is red orthoclase and the 
mica black. 1\iasses in some places have weathered into forms resem
bling those found in Monument Park. At the point C we have only 

" the lower sandstone, beds 2 and 3, and those here seem to be much 
changed. Standing on this hill we see all about us similar monuments 
capped with fragments of beds. We can also see Platte Mountain, to 
which we have a1luded before. There seems to be a line of these jagged 
granitic points, the course of which is northwest and southeast, Platte 
Mountain and the Palisades, near the Platte River, being the most prom
inent. South of Platte Mountain these detached points show merely the 
general course. A comparison of the sections given above shows that 
the Potsdam group is represented by sandstones having a thickness of 
from 60 to 80 feet, while the beds that represent the Quebec group are 
a little over 100 feet thick. Comparing with the section (No.3) made 
at Glen Eyrie, we see that the beds on the west side of the range are 

14 G S 
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thicker. Thus, instead of 60 to 80 feet of the Potsdam, in Glen Eyrie, 
we have only 40 feet. The beds correspond, beds 2 to 5 of section No. 
4 being the same as 2 to 5 of No. 7. So it is with the limestones above . 
.At Glen Eyrie we have 7.3 feet where there are over a hundred on Trout 
Creek. Bed 14, of section No.3, is, I think, the same as the white 
limestone above the pink shaly limestones on Trout Creek. Returning 
again to the head of Trout Creek we cross into Hayden Park. · This 
name has been given to the low. rolling country to the west of Pike's 
Peak. Hayden Park is drained by Trout Creek, \Vest Creek, and 
Beaver Creek. The latter flows to the northwest, and empties into the 
South Platte just below the upper canon. .About five miles from its 
mouth, around the settlement of Florissant, is an irregular basin filled 
with modern lake deposits. The entire basin is not more than five 
miles in diameter. The deposits extend up the branches of the creek, 
which all unite near Florissant. Between: the branches are granite 

./ islands appearing above the beds, which themselves rest on the granite. 
Just below Florissant, on the north side of the road, are bluffs not over 
50 feet in height, in which are good exposures of the various beds. 
The following section gives them from· the top downward: 
1 ... Coarse conglomeritic sandstone. 
2: Fine-grained, soft, yellowish-white sandstone, with bands that are 

more or less argillaceous, and containing fragments and stems of 
leaves. 

3. Coarse gray and yellow sandstone. 
4. Chocolate -colored clay shales with fossil leaves. At the upper part 

these shales are black and below pass into 
5. Whitish clay shales. 

These last form the base of the hill. The beds are all horizon
tal. Scattered around are fragments of a t rachyte which probably 
caps the beds. In one of the valleys·; Mr: Taggart discovered, near an 
old well, pieces of trachyte, which, on looking at the excavati0n, was 
found to be the first layer penetrated. The pqint of overflow from wqich 
this material came is probably to the southward, in Dr. Endlich's dis
trict. The lake basin may possibly be one of a chain of lakes that ex
tended southward. I had thought it possible that the beds were of 
Pliocene age. The specimens obtained from bed No~ 4, of the.section 
.above, were submitted to Professor Lesquereux, who informs me that 
they are ''Upper Tertiary." "But I do not believe, as yet, that the 
.specimens of the Green River group to.which your species are referable, 
..authorize the conclusion of Pliocene age. I rather consider it, as yet, as 
Upper Miocene. The species known of our Upper Tertiary are as yet 
too few aud represented in poor specimens for definitive conclusion. 
Your specimens have a My'i·ioa, a Cassia, fragments of Salix augusta, 
(A. Br.,) a Rhits, an Ulmus, and a fragment of a Poa or Poaoites." 

The shales were so soft and friable that it was rather difficult to ob- . 
tain any specimens. 

About one mile south of Florissant, at the base of a small hill of sand
stone, capped with conglomerate, are 20 or 30 stumps of silicified wood. 
This locality has been called "Petrified Stumps" by the people in the 
vicinity. The specimens of wood are not particularly good. 

The upper canon of the South Platte River is about eight miles in 
length, and marks the exit of the river from South Park. The range 
in which it is, if it deserve that name, is the eastern boundary of the 
park. The rock is all granitic to the northward and to the northeast. 
South of the canon is an area of volcanic overflow which extends south
ward into Dr. Endlich's district, and I will only refer to it again in 
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' the next chapter in connection with South Park. The rocks to the 
north of the canon were very carefully studied as far as the time would 
permit by Mr. Taggart, and I will therefore quote largely from his 
notes. "Going south from the road that leads from Colorado Springs 
to South Park is a granitic ridge running out into the park, and having 
a westerly direction. Passing southward we find a light grayish granite 
standing up in-rough,jagged points. They seem, looking at them from 
one side; to have been thrust up through the coarse beds that lie about 
it. J\'lore conclusive proof of this was found-farther along on the south
ern slope, where I could see the coarse beds tipped up against the 
lighter-colored and more compact granite, with a dip of about 10°. 
They then sloped gradually to the bottom of a narrow valley, which is 
the axis of a synclinal fold, for on the opposite side were the same beds 
and resting on the same kind of granite. Passing still farther along 
the ridge I found still another synclinal. The compact granite rises in 
sharp conical peaks. After passing three of these peaks the ridge be
comes flatter and continues to the canon. As we skirt the base of the 
ridge we find first a red felclspathic schist bending slightly against the 
ba~e of the third cone. The dip is west of north, at an angle of not more 
than 5°. S.till farther along we find beds of micaceous gneiss dipping 
in the same direction, at an angle of 10o. This is followed by a very 
coarse and then fine, compact granite. The bedding one mile from 
the canon shows a dip of 600 to the northwest. A.s we go toward the 
canon it increases. Beyond the canon the beds continue dipping at 
about the same angle as in the canon. 

''Going eastward along tM canon, the same beds with the same dip are 
exposed. The granites are much broken at right angles to the bedding, 
so much so as to make it somewhat difficult to determine the inclination. 
To the south of the canon tlie-x:e is a gradual rise in the ridge ·until it 
terminates in a high cone. 

"North of the road is a ridge with a series of high points and rather 
open valleys between. The highest of these points is the one next the 
opening through which the road to Fair Play passes. This ridge is not 
a continuation of the one described above, but is parallel with it. The 
latter is more to the south and west, and the axis of upheaval seems to 
pass out under the park. The other ridge extends about five miles to 
the southeast, and presents the same general features as the one first 
described. The eastern part is low, rising gradually toward the north 
until within a few miles of the northern extremity, when the greatest 
height is attained in a conical peak of light gray granite, then gradually 
sloping to the park, the slope being broken by a few valleys. · On station 
3~, one of the points north of the road about half a mile, the gneiss 
dips nearly north." · · 

In the irregular triangular space bet~veen this range of hills on the 
east si_de of the park, which 1\'lr. Taggart refers to above, and the Platte 
River and Tarryall Creek, is a beautiful rolling park-like country, which, 
although for the most part covered with debris, is plainly seen to be 
underlaid by granitic rocks. The following is from the notes of Mr. 
Taggart: "On the northeast side of Tarr,vall Creek are three high 
ridges, the general trend being northwest and southeast. There are 
two main ridges which to the north unite, inclosing a third which has 
a less elevat-ion. The dip on the southwest side is to the southwest, 
forming a synclinal with the ridge on the east side of the park. On the 
summit the beds are horizontal, and then there is a dip to the northeast, 
and another synclinal is formed with the ridge farthest removed, form
ing the saddle nor~~w~st of the middle ridge. On the southwestern 
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slope of the second main ridge there are very few outcrops to be seen 
through the trees which cover it. .At the northwest end there is a dip 
to the northwest, while at the opposite end the dip is to the southeast.'' 

• 

In passing up Tarryall Creek tlte prevailing dips are to the northeast 
and southwest. The dip is' the same in thecountry about the Nort~ 
Fork of the Platte, as is shown by ,the course of the stream, which is 
about parallel to that of Tarryall Creek. The latter, as far as could be 
ascertained, flows through a synclinal axis. .Along the Platte River are 
high masses rising in dome-shapes above the canon. The study of this 
part of ·the country would require the work of almost an entire season. 
The different streams should be followed, and this can he done only in 
the latter part of the season. We were there in June, and I attempted 
to follow the Platte River, but found it impossible, not only on account 
of the rough and difficult traveling, but also because the stream was . 
then at its highest point. The whole country is probably arcbrean. Th'ere 
may be, and most likely are, points of eruptive material, but, as I ha'le 
said above, close study will be required to work up this district 
thoroughly. Our time was too limited to do more than take a general 
glanceat the most salient features. We have seen that on the North 
Fork and on Tarryall Creek the strike is from northwest to southeas!t, 
and that as we go south this changes and becomes northeast and south
west. This change is shown also by the change in the course of the 
Platte when it enters the upper canon. Before that it flows from the 
northwest, but in the canon its course is toward the northeast. 

CHAPTER II. 

SOUTH P .ARK-P .ARK RANGE. 

This chapter will be. devoted to the consideration of the remainder .of 
the district lying to the east of the continental divide. This comprises 
South Park. The park is about forty-five miles in length, and.somewh~t 
irregular in shape, being widest at the southern end, where it is abo~t 
forty miles from east to west. Its surface is very irregular. As the 
drainage shows, there is a gradual slope from the northwest toward tJ;le 
southeast. .At the northwest end, the elevation is from 9,372 to 9,981 
feet above sen.-level. The elevation of Fair Play is 9, 764 feet. As 
we go east this decreases until we have an elevation of a little over 
8,000 feet, and as we go south we notice the same gradual decrease. 
Thus, at the salt-works the elevation is 8,573 feet. In the southern por
tion of the park, the elevation is more uniform than in the northern part. 
Still, the slope is toward the southeast, and where the South Platt.e 
enters the canon the elevation is only 7,991 feet. There are numerous 
ridges running through the park, generally parallel to each other. Thus, 
starting a't Fair Play and going eastward, the first is a low ridge a 
couple of hundred feet in height. Crossing this, we descend to Crooked 
Creek, and then ascend a second ridge that rises 500 feet above the v~l
ley. On the east side of this ridge is the valley of Trout Creek, and 
beyond it a third ridge rising to about .the same height, perhaps a fJw 
feet higher. East of this is a low rolling country extending for some 
three or four hundred miles, bounded by a series of rounded hills risimg 
about 600 or 800 feet above the general surface. These hills extend 
for a few miles, and then there is a space having an almost uniform level 
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from which the hills bounding the park on the west rise. In the south 
end of the park are · numerous isolated butte~, the majority being of 
volcanic . origin, although some are composed in part of sedimentary for
mations. They will be referred to again in subsequent portions of the 
chapter. Almost the entire southern end of the park is volcanic, an~ 
the country gradually rises from the South Platte River to the divide, 
and then slopes to the Arkansas River. The outlet of the lake existing 
here in early Tertiary times was probably i~ this direction. The erup
ti~e fo. rces acting after the deposition of the lignitic sandstones ~leva ted . 
this part of the country, and the water ha to find ·an outlet In a new 1 
direction. It was then that the present drainage was probably out
lined. The lake was most likely drained through the Platte calion at . 
the southeast · end of the park. The laker itself must· have extended 
farther to the southward than the present outlines of South Park would 
seem to indicate. The mountains on the east side of the park, as we 
saw in the last chapter, are composed of schistose rocks which extend 
westward some distance into the Park. The outline is rather irregular, 
but the general course of the range is north west and southeast, and, as 
we have seen, the dips are to the northeast and southwest. The range 
is tllerefore an anticlinal axis, which, as we go south, bends to the east
ward. The elevation is over 10,000 feet above sea-level and over 1,500 
feet above the park. The northeast boundary of the park is a continu
ation of the schists, identical with those on the east excep.t that here the 
hills are capped very frequently with eruptive material, mostly trachyte. 
On the more uniform level of the park, the sandstones are but little dis
turbed. As we shall see further on they are of Tertiary age. The vol
canic rock extends around the northern edge of the park, close to it, not 
extending far to the northward until we get around to the northwest. It 
seems to have been an O\er.t:low, as I found in several places that it 
capped bills whose bases were composed of dark micaceous gneiss. The 
hills that rise above to the north ward are also metamorphic. On one of 
the branches of Michigan Creek, extending some elistance up the valley, 
is a tongue of sandstone, a prolongation from those in the park, proba
bly outlining an old bay. The upper edge of this narrow belt, bounded 
on one side by trachyte, and on the other by granite, was found by Mr. 
Gardner to be 500 feet above the general level of the park. A period of 
elevation in the range north of the park, therefore, must have taken place 
after the deposition of this sandstone. The granites and schists form the 

. basis of the range north of the park until we get to Mount Guyot, when 
eruptive rocks are seen at the head· of Michigan Creek, near Mount 
Guyot. This mountain has an elevation of 13,389 feet, and is on the 
continental divide, which, on the west side of the Arkansas, has a di
rection nearly north and south, and then turns to the east around the 
head of the river, and again, beyond 1\'Iount Guyot, turns abruptly to the 
northward toward Gray's Peak. Just east of the mountain is a low sad
.dle, forming the water-divide between Michigan Creek and the waters 
of Snake River, one of the tributaries of the Blue River. 

On this saddle (Georgia Pass) we have the following section, shown 
in Fig. 4, Plate VI: 

(a.) 1. Erupture granite forming the peak. 
(b.) 2. Hard gray slate. . 
(c.) 3. Quartzite. 
(d.) 4. Coarse gneiss, light colored. 
(e.) 5. Black micaceous gneiss. 
This latter, (No. 5,) as far as could be ascertained, extends eastward 

for some miles. Bed No. 4 is very coarse, with white feldspar and a silvery 
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mica. The quartzite and slate are both very much changed, and are each 
about60feet in thickness. The slate weathers on the surface a rusty-bro wn 
color. The dip is south 550 east; angle of inclination, 50°. I am at a 
loss as to the position of these beds. They are fragments that have 
been caught and lifted up, but they are so changed and too few in num
ber to say anything definite of them. They could not be traced to the 
southward, and our time was too limited to try and follow them to the 
northward. The mountain itself is composed of a fine-grained granite 
of a gray color, and, I take it, is eruptive. In it · are seams of a dark
~reen porphyritic rock, in which the matrix is very compact, the crystals 
being a white feldspar. The mountain has been called Crater Mountain, a 

- name derived from its peculiar crater-like shape. Ascending the eastern 
side on a slope of about 30o over a mass of shingle-like debris, on reaching 
the summit we are on the edge of a crater-like depression, the walls being 
perfect, except on the SOI!-thern side. It is not, however, a true crater, 
the shape being the result, in all probability, of erosion, due pft,rtly, per
haps, to past glacial action. This form is common in the mountains on 
the west side of the park and in the Sawatch Range on the west side 
of the Arl,i:ansas. In the latter we have abundant evidence of former 
glacial action in the moraines, which, as we shall see further on, are 
found along all the streams. Besides the depression below the main 
peak there are three others, two facing the south and one looking toward 
the north. Between Tarryall Creek and Michigan Creek are high bills. 
or mountains composed of a porphyritic volcanic rock, approaching the 
character of a phonolytic trachyte. The summits of these bills are 
rounded, and their slopes are covered with slab-like masses, which, on 
the surface, weather to a rusty eolor, and ring under the blows of the 

. ' hammer. Following the edge of these bills around to the town of Ham
ilton, on Tarryall Creek, and then going up stream a short distance 
above the town, an outcrop of quartzite appears, dipping a few degrees 
to the south of east under the volcanic (~ ) rock. At this point is an 
abrupt turn in the course of the creek. Until it reaches this place it 
follows the strike of the quartzite, but here breaks through them at 
right angles. Beneath the quartzite is a soft grayish-white sandstone, 
and in the banks of the creek are exposures of red ~andstone. 
The quartzite and gray sandstones are, doubtless, Cretaceous No. 
1, and a continuation of · beds f~ther southward, between Trout 
Creek and Crooked Creek. They are in line with them, and the· 
strike corresponds precisely. The. red sandstones are Triassic, and have· 
a dip _of about 5o. They form the bed-rock upon which the auriferous' 
gravel rests. This gravel is about 10 feet thick, and has yielded a great 
deal of gold. The mines in this vicinity are treated of in Dr. Endlich's 
report. About five miles west of Hamilton is the mountain called Silver
Heels, having an elevation of 13,731 feet. vVe ascended it, and on the 
eastern slope I made a partial section of it, as follows : 

RecUon No. 8. 

1. The summit of the peak is made up of an eruptive rock resembling 
that in the hills above Hamilton. This, with a few layers of 
coarse micaceous sandstone, sometimes conglomeritic, extends 
for about' 1,500 feet. 1 The slope here is very small, only about 
5°, and the beds are so covered with debris that it is impossible 
to define them. 

2. Metamorphosed sandstone and volcanic rock. The sandstone con
tains rather large rounded pebbles. The volcanic rock is beneath-
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the sandstone, and is probably trachyte. The thickness of both 
is 117 feet. 

3. Green and purplish sandstone shales, very much metamorphosed, 60, 
feet. · 

4. Volcanic, (trachyte~) 4 feet. 
5. Purple metamorphosed slates, 5 feet. 
6. Volcanic, (trachyte?) 4 feet. . 
7. Coarse brown sandstone, very much metamorphosed, but rather 

uniform in structure, 100 feet. 
8. Volcanic, (trachyte?) about 20 feet. 
9. Very hard, dark sandstone, in layers, 6 or 8 inches, 50 feet. 

10. Light-brownish sandstone with streaks of dark-brown, 3b. feet. 
11. Volcarnic, (trachyte?) 20 feet. 
12. Dark-gray sandstone, 70 feet. 
13. Volcanic, darker than the other layers. The lower .portion is covered 

with debris. Thickness, about 80 feet. 
14. R.ed shales very much metamorphosed. These shales break into 

laminm of about an inch thickness, and are micaceous. - There 
are mud and rain marks between the laminm, 8 feet. 

15. Greenish-gray quartzitic sandstone, 10 feet. 
16. Volcanic : this layer has a wedge-shape, and on the surface its 

t.hickness is about 20 feet. 
17. Red shales,.10 feet. 
18. Pinkish sandstone, very irregular in structure, 8 feet. 
19. R.ed shales, 10 feet. 
20. Light-gray conglomeritic sandstone~ 4 feet. 
21. R.ed shales, 4 feet. 
22. Gray sandstone, becoming coarse toward the bottom, having large 

pebbles: above, it has a pinkish tinge; 10 feet. 
23. Hard-red sandstone in laminm of 2 to 3 inches, 5 feet. 
24. Compact sandstone, with general color gray, but becoming pinkish as 

we go down, 30 feet. 
25. R.ed shales, 4 feet. 
26. Compact sandstone, pinkish and calcareous above, gray below, 5 feet. 
27. Dark-blue limestone, containing veins of calcite, and without fossils, 

2 feet. · , 
28. Red and purple shales, darker in color than those given above, 3 feet. 
29. Compact sandstone, light-gray, 5 feet. 
30. Red shales, 2 feet. · 
31. Volcanic, (trachyte?) 6 feet. 
32 . .Dark purplish-red sandstone, breaking into blocks, 30 feet. 
33. Hed and purplish shales, 3 feet. 
34. Greenish-gras sandstone, banded and streaked with green in layers 

from 2 to 3 feet thick, some conglomeritic, 25 feet. 
35. Hard, red sandstone shales, 2 feet. 
36. Hard, red sandstone, 1 foot. · 
37. Greenish-gray sandstone, with bands of brow1i sandstone shale from 

1 ·foot to 2 feet thick, 15 feet. 
38. R.ed shale, 1 foot. 
39. Brown-banded .sandstone, with bands of volcanic, 50 feet. 
40. R.ed, gray, and purplish sandstones, 20 feet. 
41. Greenish conglomeritic sandstone, 6 feet. 
42. Brown sandstone, 8 feet .. 
43. Very hard greenish sandstone, 6 feet.. 
44. Light-gray sandstone, 10 feet. 
45. Volcanic; could not get thickness. 
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From this point, there is a slope with occasional outcrops of red 
shales and greenish sandstones, all rather coarse. These no 
doubt continue to the red-beds (Triassic~), above which is Cretaceous 
N o.l, to which I referred above as crossing Tarry all Creek above Ham
ilton. Beyond this is a hill of the same material as that resting on the 
same bed (Cretaceous No.1) on the north side of the creek. This slopes 
to the park, where the Tertiary sandstones appear. The distances in the 
section given above are all estimated. For want of time, I was unable to 
carry the section any farther to the eastward, but the sections made in 
the park at points farther southward comprehend it. Silver Heels is 
drained on the south by the branches of the South Platte, and is hol
lowed out, leaving the high ridge on which the section is made standing 
out prominently. The volcanic layers seem to be intruded masses which 
have so changed the sedimentary beds and hardened them that they 
have been able to resist the eroding influences, and the result, is this 
prominent ridge. Leaving Hamilton, and still keeping close to the edge · 
of the mountains, in going around the northwest rim of the park, we 
notice after crossing Tarryall Creek that the Tertiary formations extend 
to the edge of the mountains, which here at'e volcanic. Near McLaugh
lin's ranch ·is a coal-mine. This was visited by Dr. Hayden, and will no 
doubt be fully treated of by him. The Tertiary beds here are ~o cov
ered with drift that they are almost entirely concealed. Following the 
road southward we pass around the edge of a trachytic hill, and come 
across cretaceous shales belonging in all probability to the Fort Pierre 
group, (No.4.) They are found in a valley between the hill just referred 
to and a low volcanic ridge that runs out into the park. Crossing this 
ridge we again pass over the shales. Here is a well-marked terrace on 
a small branch of Tarryall Creek. It is about 100 feet in height. Ter
races are ·to be seen on almost all of the branches of Tarryall in the 
northwestern part of the park. Just south of· the terrace referred to is 
a long volcanic ridge, the course of which is almost due north and south. 
I have already spoken of this ridge, which is shown in the profile across 
the northerri. end of the park. The following section was made from the 
Platte River eastward to Trout Creek, about five miles north of Fair 
Play, and is shown in Fig. 1, Plate VI. The length of the section No.9, 
given below, is about six miles. The distances and thicknesses are es
timated, the average dip being about 300 toward the eastward. 

Section No.9. 

a. 1. Starting from the Platte River, the point ct in the illustration, 
we have the valley covered with drift to the edge of the hills, a dis
tance of about a mile. We then begin to ascend the hills, which are 
well timbered, concealing the beds. From the character of the debris, I 
think there is volcanic rock beneath. The first exposure we met with 
furnished- · . 

b. 2. Red sandstone. shales : thickness, 400 to 500 feet. 
Then followed: 

3. Gray shaly sandstone. . 
4. Brownish limestone. 
5. Red shales. 
6. Very coarse white micaceous sandstone. These beds are indi

cated by very indistinct outcrops, and are from 500 to 600 feet. 
Then we have next-

c. 7. Limestonemostly of a grayish color or grayish-blue, iu some 
places brownish, compact in some layers, and then again ir-

" regular, with seams of calcite. Thickness, 6 teet. 
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d. 8. Space : this is marked by the letter d in the illustration, and is 
the valley of Beaver Creek. The beds are covered up. Proba
bly a thickness of 700 or 800 feet. 

9. Very coarse and somewhat massive red sandstones, about 100 feet. 
10. Space of about 400 feet. 
11. Dark-blue limestone, 5 feet. 
12. Space with a few indistinct outcrops of sandstone and lime

stone, about 700 feet. 
13. Coarse red sandstones in massive layers, 300 feet. 
14. Space probably filled with sandstone at bottom, shale above, 

300 feet. 
15. Deep-red shales, 90 to 100 feet. 
16. Blue limestone, 4 to 6 feet. 
17. Red sandstone, coarse and shaly micaceous, 30 feet. 
18. Gray micaceous sandstone, about 5 feet. 
19. Dark-blue limestone, 2 feet. 
20. Space filled with shales, 3 feet. 
21. Dark-blue limestone, with irregular structure, 5 feet. 
22. :Mottled red and white sandstone shales, weathering red, 5 feet. 
23. Blue limestone, coarser than below, and in thin layers, 2 feet. 
24. Space covered up, but filled in all probability with shales and 

interlaminated limestones, about 120 feet. 
25. Dark-blue limestone, 2 feet. 
26. Very coarse soft shaly sandstones, below and next to the lime

stone having rounded pebbles of quartz. At the top they are 
finer grained and softer; the color becomes deeper as we get 
toward the middle, where it -is brick-red, and then becomes 
pink at the top, 10 feet. 

27. Blue limestone, 1 to 3 feet. 
28. Space probably filled with shales, 40 to 50 feet. 
29. vVhite and red micaceous shaly sandstones, 40 feet. 
30. Coarse sandstones, 10 feet. 
31. Dark-blue limestone, 4 feet. 
32. Space covered up, but filled in all probability with sand shales, 4 

feet. 
33. Blue limestone, 4 feet. 
34. Space shales, (~) 90 to 100 feet. 
35. Dark-blue limestone, 2 to 3 feet. 
36 . .Red and white sandstone, 16 feet. 
37. Dark-blue limestone, 3 feet. 
38. Space sandstones, (~) 100 feet. 
39. Coarse and somewhat massive brick-red sandstones, 50 feet. 
40. Space sandstone, (~) 20 feet. 
41. Coarse red sandstone like No. 39, 50 feet. 
42. Space sandstone, (~) 15 feet. 
43. Dark-blue limestone, 3 feet. 
44. Space covered up; indications are that sandstones and shales 

entered through it, 60 to 70 feet. 
45. Dark-blue limestone, 4 feet. 
46. Space sandstones, (~) 32 feet. 
4 7. Blue limestone, 5 feet. 
48. Space sandstones, (~) 150 feet. 
49. Blue limestone, 3 feet. 
50. Space sandstone, 350 feet. 

e. 51. Blue limestone, 3 feet. 
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. ' 

~ 52. Space, the valley o~ Crooked Creek. On the east side of the valley 

I 
we have the massive red sandstones (Triassic 0?) with all the c.har. ac
teristics of the same beds east of the foot-hills, and on Trout 
Creek west of them. It is probable they extend down to bed 51. 

I 

Their softness has allowed them to be worn down, and they have 
been covered with debt·is. The total- thickness is from 1,300 to 
1,500 feet. 

~ 
53. Coarse pink sa,ndstones, 25 feet. 
53. Fine-grained rose-colored sandstone, 8 feet. 

These two beds are the upp~r part of the red-beds. 
f. 54. Rather coarse calcareous sandstones, shales mottled red and 

I gray, 5 feet. 
55. Space probably filled with a continuation of 54 grading into the 

I next bed, 30 feet. . 
56. Gray compact limestone. This limestone bas cross cleavage, 

I · and becomes harder as we go up, 10 feet. · 

1

57. Hard fine-grained limestone, light gray, 15 feet. 
58. Space probably fillec.l with limestones and shales, 75 feet. 
59. Outcrop of green shales, 10 feet. 

l 60. Space filled with shales and sandstones, 60 feet. 

1
61. Rusty yellow sandstone, 5 feet. . 

, 62. Fine-grained. white sandstone with fragments of stems and 
leaves, 5 feet. 

g. 63. Space sandstones, (~) 20 feet. · 

t 
64. Yell ow sandstone, 40 feet. 
65. Space sandstone, 80 feet. 
66. Space filled with shales,(~) 500 to 600 feet 
67. Dark-gray fossiliferous limestone, 2 feet. h.l68. Space, probably limestone, 20 feet. 
69. Black argillaceous shales, 2 feet. 
70. Space shales,(~) a.bout 700 feet. 
71. Calcareous sandstone shales, 60 feet. 
72. Space shales, en 300 tD 400 feet. ' 

1

73. Black and gr. een shales, fossiliferous with interlaminated lime
stone bands, .400 feet. 

From this point to Trout Creek, a distance of .about half a mile, 
. J a. reno · exposures, the beds being covered with drift. When 
~.) we re~ch Trout Creek it is evident that we have crossed a 

I 
, synclinal axis, for the dip now is toward "the westwarg instead 

of east as before. On the bluff the beds are as follows: · 
7 4. Black argillaceous shales, outcrop 2 to 3 feet. 

I 75. Bluish-black limestone, 1 foot. 
l 76. Black shales, about 180 feet. 

This brings us to the bed qf Trout Creek, and crossing it black shales 
prevail until we reach the volcanic ridge which doubtless caused the 
fold just referred to. 'l'his ridge, A in the figure, is about 400 or 500 feet 
high, and extends north and south. It is tracbytic. A low bill between 
the two branches of Trout Creek south of the hill marked i is of the 
same rock. · Whether the eastern side of the fold extends along the 
ridge to the southward or not I could not determine, as the valley was 
covered with debris, and there were no exposures on the east side until 
we came to the volcanic rock itself. The line of the section given above 
is from the northwest to southeast, and with the exception of the beds 
from No. 18 to No. 51 is a continuous section. The portion of the section 
between these points was mad.e farther south ward, but connects with 
the others. At the point where the greater part <;>f the section was 
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made these beds were entirely concealed. All the beds below No. 52 
are probably to be referred to the Carboniferous and Permian systems, 
although I cannot so refer them positively as there were no fossils found 
to prove it. The red-beds (Triassic~) have a thickness of about 1,500 
feet, which is about the same as we found east of the mountains. Cre
taceous No.1 (Dakota group) is somewhat thinner, while the Jurassic(?) 
between has about the same thickness as seen heretofore. The entire 
t hickness of the Cretaceous as shown here (beds 61 to 73 inclusive) is 
over 2,000 feet. The beds have about the same characters as the analo
gous beds east of the mountains. The illustration Fig. 1, Plate VI, car
ries the section still farther to the eastward. Around the northern end 
of the ridge ''A" (trachyte) are, as indicated by the debr-is, Cretaceous 
shales. No definite exposure was observed, and it was impossible to 
tell whether or not the shales extended around to the eastern side, and 
if they did, in what direction theyincliued. On the east of the ridge is 
a grass-covered valley (k) about a mile in width, from which, going east
ward, we ascend a low hill rising about 200 feet above the valley. On 
the west side of this hill are outcrops of ·trachyte, seemingly stratified 
and dipping toward the east~ ·: . . On reaching the summit we find that it 
is plateau-like, cut into low hills by small gullies. Crossing toward the 
eastward in one of these gullies, the following beds are · exposed (the 
point lin the illustration) from below upward: 

1. Volcanic breccia. 
2. Sandstone. 
3. Volcanic breccia. 
4. Breccia looking very sandy. 
The entire thickness is not more than 50 or 60 feet. The dip here, bow

ever: is not to the east, but west. The angle of inclination is only 2QO. Be
tween the points k and lis, therefore, a synclinal fold. The sandstone is a 
dark greenish brown, very much metamorphosed; some of the layers 
look like a volcanic sandstone. The breccia. seems to be interstratified 
in places, but is probably, in part, intruded, as in some places the sand
stones on both sides are much changed. Still farther east, at the point 
rn, are similar beds, with the dip once more to the eastward. From this 
point we descend into a broad valley, in which the beds are, for the most 
pa];t, covered up. Here are a few small lakes, with no outlet, and the· 
ground about them is covered .with alkali. The valley is somewhat roll
ing in character, not uniformly level, but having a gradual slope to the 
east. It is underlaid by sandstones, and is a mile in width. On the 
eastern side, on ascending a low ridge rising about 40 feet above the 
valley, an outcrop of white shaly sandstones is seen, below which is vol
canic breccia. The dip here is south soo west; so the valley we have 
just crossed (n) is another synclinal. The angle of dip is about 250 or 
30°. · There are three or four of these low ridges that are parallel to each 
other; the general strike being north 10° west.1 The first two, at o, in the 
section, form an anticlinal. From tn to n are exposures of light-gray 
sandstones, somewhat fine grained, with interlaminated coarser sand
stones of a dark-brownish color. The outcrops are not very decided. At 
o, in a bed of rather coarse sandstone, I found fossil leaves, among which 
Professor Lesquereux has recognized Rhamnus Poldianus, Platanus Hay
denii, and a fragment of a leaf of a Qu,ercus new to this country, and 
related to Quercus Heerrii, AI. Br. The flora, he says, is Lower Tertiary, 
and represents the lignitic group. From o top is a distance of abDut 
an eighth of a mile. From the latter point we have a meadow-like val
ley about a mile in width, from . which we ascend granitic hills. This 
valley is another synclinal axis. The hills are at B in the section, and 
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are about 500 feet high, rounded in outline, and extending about three 
miles in width. · On the east we descend into another valley, C, in which 
all the rocks . are concealed by the drift. I have .little doubt, however, 
that it is underlaid by Tertiary sandstones. This valley is somewhat 
irregular in shape; but in the section it is represented at C as about six 
miles in width. From q tor the line on which the section is made is 
changed, and has a course of south 450 east. The Tertiary sandstones, 
which we have just spoken of, are the same that we noticed extending 
to the edge of the trachytic hills in the northern and .north western part 
of the park. We have seen that they extend across the park in a wave
like manner, occasioned, no doubt, ·by volcanic action that was contem-

. poraneous with the elevation of the volcanic ridge on the east side of 
Trout Creek. Returning .to this ridge, and following it southward, we 
observe that it turns more and more to the eastward; and this fact is 
also rendered evident when we notice the course of the streams that are 
parallel to it. At Station No. 92, a ,high point to the southeast, which 
seems to mark the termination of the ridge, we have, on the south side 
and dipping toward the south, as I learn from the not2s of l\ir. Taggart, 
an outcrop of sandstone, somewhat metamorphosed. This I take to be 
the bed of sandstone so characteristically marked as Cretaceous No. 1. 
It evidently ·belongs to the western side of the synclinal fold, to which I 
have already referred as .existing at the head of Trout Creek. Still far
ther down the river, and on the eastern or rather northeastern side, is 
another butte, in which I found exposures of beds belonging to the Da
kota group. The sandstone here, being very much metamorphosed, is 
.quartzitic. Just above it are the same shales that we saw in other places, 
and the limestone, with Cretaceous fossils, (bed No. 2, in section No. 
1, and No. 67, in section No.9.) These beds all dip to the southwest at 
an angle of 500 to 6oo, and are, I take it, a prolongation of the eastern 
side of the fold on Trout Creek, and at the butte (Station No. 92) referred 
to by Mr. Taggart. The volcanic ridge, which is the cause of the uplift 
on the eastern side, making a turn to the eastward, of course, the strike 
of the sedimentary beds is also to be found turning in that direction. At 
the base of the butte just referred to are remnants of a soft sandstone, 
which I consider to be of Tertiary age, whether Eocene or more modern 
I could not determine. Before leaving this butte I will describe .the· 
springs that are at the south end. They are all saline. There are four 
principal springs, although -there are beside a number of places where · 
thewater bubbles up. Spring No. 1 is about two feet in diameter and 
three feet in depth, and bas no doubt been artificially enlarged. At 
intervals of a few seconds there is a slight escape of gas, probably all 
carbonic acid. The water bas rather a .pleasant taste, though by no 
means as agre~able as that in the springs at Manitou. It is saline, 
somewhat pungent, tasting slightly also of sulphur. The temperature 
of the water was 580 Fahrenheit; the air being 780 Fahrenheit. 

Spring No. 2 is about 6 feet below No. 1, and about a foot in diameter 
and· 6 inches deep. The water tastes very much like that of No. 1, 
although not quite so pungent, nor is .there as large an escape of gas. 
The temperature was the same as that of No. 1. 

Spring No. 3 is very little different from the other two. It is about 4 
feet from No. 2, and bas a greater evolution of gas. The temperature 
is still 580. 

Spring No.4 is about 3.0 feet from No.3, and a,bout a foot in diameter 
and 6 inches deep. It is a very quiet spring, the water tasting strongly 
of salt, and also slightly of sulphur. Between No. 3 and No. 4 is a 
marshy space, in which, by a little digging, a spring could be formed. 
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.A.t this place is a considerable deposit of iron not noticed in the springs. 
For some distance about the springs there is an efflorescence of salt and 
alkali; The principal constituents of the water are common salt, sul
phur, iron, and carbonates. Southeast of the butte, at the base of 
which we find these springs, is a double-topped butte, which l found to 
be composed entirely of granite. The rock was somewhat covered, but 
I consider it to .be a remnant of a line that once extended northward, 
and that the rocks probably incline to the southwest or to the northeast. 
The whole southern end of the park, as I learn from the notes of Mr. 
Taggart, is volcanic. The Platte R.iver for some distance follows a 
course very near the line between the trach~'te and the sedimentary 
formations. On this line are several buttes, on the northern end of 
which are granite outcrops, while the rest of the butte is either trachytic 
or basaltic. 

Following the river up from the canon we find that it flows through 
schists for about five or six miles. vVe then meet with trachyte, 
which at this point is found on the south side of the river. ..As we near 
the salt-works we find numerous isolated buttes of trachyte, many of 
them having a conical shape. .A. line of these buttes extends from the 
Little Platte, about eight miles above its mouth, toward ~he southwest. 
They mark the limit of the volcanic rock in this direction. The Little 
Platte forms the boundary from the mouth up for eight mHes. The 
main river for about eight or ten miles above the mouth of the Little 
Platte flows in the axis of a synclinal fold, the same to which I have 
several times already referred. The fold is here much broader than at 
the head of Trout Creek, where we first observed it. ..Above the niouth 
of Trout Creek, the Platte River cuts through the beds .. after being for 
some distance on a monoclinal valley in the red-beds. Above, at Fair 
Play, its course is again across the strike of the beds. Here it has cut 
deeply into deposits of gravel, which are probably the result of glacial 
action. This may also account for the course of the stream at this 
point, as its bed may have been determined by a glacier. Near Fair 
Play, the gravel, which is auriferous, is from 70 to 100 feet thick, com
posed of rather large rounded ~boulders. Between the Platte River and 
the mountains that form the western boundary of the park, the .country 
is ratper uniformly level, and so covered with drift that we have very 
few exposures of rocks. It is not until we reach the Little Platte, about 
ten miles south of Fair Play, that we have any definite exposures. At 
this point~ near a bend in the creek, I made the following sections, sec
tion No. 10 being made at the point .A. in Fig. 2, Plate VI, and section 
No. 11 from the point B to C. The dip of the beds on the bluff where 
section No. 10 was made is about south 750 west; angle of inclination, 
25o to 3oo. 

Section No. 10. 

In ascending order: 
a. L Pink sandstone- .. - - .... - - -- . - - - .. - . - ... -· .. - - .. · · - - t 52 feet. 

2. Space covered up ... __ ... _ . _ .. .. _ . __ ... __ ... _ . _ . . . . j 
3. Bin~ limestone, 3 to 4 feet ....... - .. - .. -· · · · · - - · · · · · } 21 feet. 
4. Space covered up ...... _ .. _ .. . .............. . ..... . 
5. Reddish sandstones. fl ................ ___ ............ 120 feet. 
6. Space probably filled with alternation of sandstones· and 

limestones . __ . _ .. . ......... _ ... _ .. __ . . . . . . . . . . . . . 120 feet. 
7. Blue limestone 4 to 5 feet- .... -. -....... · · · · · .. -- · · } 69 feet. 
8. Space covered up ..... _ ... __ ... _ . _ ......•........ - . 
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9. Red sandstone . . . . . . . . . . . . . . . . . . . . .. . ...... · - . · · · } 70 feet. 
10. Space covered up .. _ .............................. . 
11. Light-gray sandstone ............ - .. · ... · · · · · · · · · } 52 feet. 
12. Red sandstone .......... ......................... . 
13. Blue limestone ...... . ........ . ...................... 10 feet. 
14. Red sandstone shales. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 feet. 
15. Dark-gray argillaceous sandy shales, breaking into fine 

layers, between which are crystals of pseudo-malachite 10 feet. 
16. Red sandstone shales. . . . . . . . . . . . . . . . . . . . . . . . . . . .... 25 feet. 
17. Light-gray sandstone., ... ~............................ 8 feet. 

b. 18. Very dark blue, almost black, limestone.. . . . . . . . . . . . . 5 feet. 

· These beds are, I think, a portion of those just below the red-beds 
included in section No.9, between beds 17 and 51. I am inclined to 
refer them all to the Permian or Permo-Carboniferous. At any rate, if 
not Permian, they are high up in the Carboniferous. I shall refer to 
them again in a subsequent chapter, when I have occasion to speak of 
similar rocks found on the Eagle River, a branch of the Grand River. ' 

Between the points A and B in Fig. 2, Plate VI, the Little Platte 
makes a bend, as is seen on the map. The section in the illustration 
crosses the stream twice, therefore, as shown at the pointsc and d. We 
then ascend the hill B, which, from the exposures of bright-red sand
stones where the river had cut through, is conspicuous from a long dis
tance. It is from the summit of this hill westward that section No. 11 
is made. ' 

Section No. 11. 

1\-Iade in descending order: 
\ 1. Red sandstoneshalesoutcroppingon the summit 

1 
~~t~~~~rg~~l~~~~ ~~~l~~-~~~ ~~~t: ~-t-~~ ~~-~1~ 

I 

2. Very compact sandstones, generally of a mottled I 
~~~;c;:~'.i~-~~~~~r- ~~i-~ 1-a~~r-s!. ~~~e~~~ ~~l.~r: J 

I 

3. Very soft red sandstone, the :first outcrop dipping I 
as No.2. Proceeding a very short distance 
we find that these sandstones form the center ~ 

I of a small synclinal fold, the dip of the west- 1 
ern side being to the northeast, at an angle 1 

I 

of about 350 to 400, We then have beds No.I 

~~~~ ;e ~:v:~~~ _ ~~- ~~~~~- ~~~-v_e_;_ -~~l·o-~ 
e. to f. ~ 4. Bright red shales ....................... .... ) 

I 5. Coarse pink sandstone ..................... . 
6. Red sandstones and shales ........... .. ..... . 

I 
7. \Vhite sandstone with greenish tinge ....... . 
8. \Very hard light-gray sandstones with bands of 

red shaly sandstone, varying from 4 inches to 
1 3 feet ......... .......................... . 

I 9. Hard gray sandstone, very similar to No. 8, with 
bands of sofb red shales. The gray sand- . 

I 

stone is in bands from 6 inches to a foot ... . 
10. Brick-red sandstones with pinkish layers .... . 

.. 11. Bands of hard gray sandstone with interlami-

1 

nated · shales, very fihe and dark red. The 
lower band is about 2 fe'et thick, middle 6 

t inches, and top 1 foot ........ > ••••••••••• 

40 feet. 

10 feet. 
80 feet .. 
3 feet~ 

40 feet. 

20 feet. 
31 faet . 

33 feet. 
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\ 12. Coarse light-red sandstone ............... - - . 

1

13. Maroon-colored -sandstone, shales streaked with 
red. Near the top there are lighter-colored 
bands showing a gradual change toward 

I 
No. 12 ......................... _ .... ~ .. . 

14. vVhite sandstone.- . .' ...................... . 
15. :Maroon-colored shales ......... , ........... .. . 

1

16. Pink sandstone with red bands ............. . 
· 17. F~~e maroon-colored sh~les ..... . _ . ........... . 

18. L1ght-1,11aroon red sandstone shales ..... & ••••• 
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6 feet. 

107 feet. 
13 feet. 

400 feet. 
110 feet. 
220 feet. 
108 feet. 

119. Dark-maroon red sandstone shales, very fine-
g. ~ grained . _ . __ .. _ ............. ~... . . . . . . . . . 108 feet. 

1 20. Reddish maroon -colored sandstone . .- . . . . . . . . . 20 feet. 

h. 

i. 
j. 
1.:. 
l. 

1

21. Gray micaceou-s sandstone with green spots, 
very closely resembling those fonnd in bed 
15 of section No. 10. I think this is a higher 

1

22. Sa~~~to~~;e;fer a·. g~I;~~~i . g~~~~i~h-gr.ay ·;,~~~~ 
extending for about a quarter of. a mile. 

15 feet. 

I 
These are probably a few beds of interlami
nated limestone. The beds were too much 
covered up, however, except to show that 

l the sandstones are micaceous. . . . . . . . . . . . . 660 feet: 
23. Dull reddish sandstone, rather light colored. 

This bed is on the summit of the bluffs at C 
in the figure ....................•.....•.. 

24. Fine black and gray shales ............. .... . 
25. Yellowish-white sandstone .................. . 
26. Brownish-red sandstone .......... " ......... . 

16 feet. 
22 feet. 
15.feet. 
26 feet. 

27. Space reaching to. the bottom of the hill, proba
bly filled with sandstone, but so covered with 
debris that the rocks are entirely concealed. 38 feet. 

All the beds given in this section are probably above those of section 
No. 11. They probably came up in the valley of the river <between the 
points A and· B, where the river turns, their softness allowing them to 
yield readily to the action of the water. . 

·1\Iy time was too limited to carry the section any farther either to the 
eastward or to the west. In the latter direction the beds continue down 

· through the Carboniferous and Silurian. In following up· the Little 
Platte we find exposures of red sandstone shales resting on limestones. 
I did not have time to make any section in the canon, but in a subse
quent portion of the chapter will give a section made a little to the 
north of the creek. To the eastward, about five miles down the stream, 
I learn from the notes of 1\;Ir. Taggart, is a butte on the northeast side, 
west of which are exposures of red-beds, as show;u in Fig. 7, Plate VI, 
at B. The dip here is 50 toward the northeast. Therefore, between 
this point and the bend of the stream where section No. 10 was made, 
is an anticlinal axis increasing from north to south, for there is no indi
cation of it due east of Fair Play. This is probably the only fold, there 
scarcely being room for more. The axis is about north and south. The 
butte itself 'is volcanic, and the red-beds tipped up against a dip from 
80 to 10° to the westward, as shown 'in the illustration. Crossing 
Four 1\iile Creek the dip is again east or northeast. Returning to the 
road, which keeps close to the low hills, a short distance below the point 
where sections Nos. 10 and 11 were made, is an outcrop of gray sand-

. stone, dipping a few degrees north of west. Still farther down the road 
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we pass over the upturned edges of the same sandstone now dipping in 
the opposite direction. Just above it is an outcrop of dark-blue lime-

. stone only a few feet in thickness. This is the same fold that we find in 
section No. 11, at the point :a in Fig. 2, Plate VI. The axis has a 
direction nearly north and south. The fold continues southward, and is 
shown again in a low hill above the salt-works at the point C in 
Fig. 7, Plate VI. It is not so decided here, however, and seems to be 
dying out . . Fig. 7, Plate VI, represents a section running from the 
west side of the park eastward to the volcanic butte on the west side of 
Four Mile Creek. The following section is made on the bluff shown in 
Fig. 7 at the point C. It is in ascending order on the line a b : 

Section No. 12. 

ct. 1. The beus at the base of the bluff are en.tirely concealed for some 
distance, and then we have-

2. Red shaly sandstones breaking into very irregular pieces, 18 feet. 
3. Light red shaly sandstones in bands of varying structure. The 

general color is of a brick red ; some of the bands are very 
soft, and in fine laminm, while others are very hard. The latter 
are very dark, almost brown. The top of the bed is especially 
shaly, and has lighter-colored bands, 68 feet. 

4. Rather coarse, grayish-white sandstone, 8.feet. 
5. Reddish and greenish-gray sandstone, with interlaminated shales. 

Near the top there are very fine red shales, 45 feet. 
6. Greenish-gray sandstone with bands of shale, 5 feet. 
7. Brownish-red sandstone with interlaminated pink shales, 56 .feet. 
8. Cqarse, light-pink sandstone, 12 feet. 
9. Shaly sandstones, dark-red and very compact, at top lighter colored 

and more shaly below, 8 feet. 
10. Conglomerate sandstone with irregular pebbles oflimestone, 38 feet. 
11. Ooarse yellowish sandstone, 10 feet. 
12, Coarse irregular sandstone, 10 feet. 
13. Compact dark-red sandstone, with interlaminated shales, 125 feet. 
14. Soft light-red shaly sandstone, 15 feet. 
15. Soft and rather fine gray sandstone shales, 15 feet. 
16. Gray sandstone, 10 feet. 
17. Brownish-red shales, 28 feet. 
18. Light-red shales, 77 feet. 
19. Coarse white sandstone. } 42 · feet. 
20. Red shales ........... . 
This last bed crowns the bluff. The dip of the beds is from 15° to 

20°. They are, without doubt, of the same age as the beds of sections 10 
and 11, which I thought were Permean. Near the salt-works we have 
three isolated buttes. The most southern, the one on the east of . the 
salt-works, is trachytic, and is about 580 feet high. The rock is of a liver
color, and jaspers are scattered over it in abundance. The base of the 
butte is covered up, but from the occurrence of gypsum in considerable· , 
quantity I take the ·rocks to be either of Cretaceous or Jurassic age. 
There are, however, no well-defined outcrops. To the east of this butte 
are two others, which Mr. Taggart determined to be volcanic, and of .the 
same character. One of these buttes has two cone-like projections .. 
The plain around them is covered with an alkaline efflorescence. This 
is especially seen in the valley in which the salt-works are situated. 
All the water in the streams in this region bas an alkaline taste. At 
the works are two springs and two wells .that have been sunk by the . 
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company. The works, which have been quite extensive, are now entirely 
deserted. Crossing the stream to the butte north of the works, we discover 
at the base exposures of gray sandstones laminated, and containing gyp
sum. These sandstones seem to dip toward the north. In some place~ the 
gypsum seems to be interbedded, and in others occurs only in pockets. 
Ascending the butte, we find on the top trachyte, very much like that 
on the butte east of the works. The slope for some distance is covered 
with debris from this.rock. It is probably a portion of ,an overflow that 
was once continuous toward Buffalo Peaks, for to the west, on a line 
between it and the peaks, is a third butte capped in the same manner, 
having gypsiferous beds at the base. The gypsum is very impure com
pared with that found in the bog-backs outside the mountains. East of 
the salt-works the line of the volcanic material has a direction toward 
the southwest, to the divide between South Park and the Arkansas 
River, where we shall speak of it again in a subsequent portion of this . 
chapter. The range on the west side of the park, the Park range, is 
for the most part coin posed of sedimentary formations, which have been 
thrown up, and dip toward the park. There are a number of extensive 
faults, the down-throw being always on the west side. This, however, 
will be rendered clear as we proceed. We will return to the northwest 
part of the park and commence the consideration of this range with 
Mount Lincoln, one of its highest peaks. Mount Lincoln and Mount 
Bross have both become widely known since the discovery on them of 
extensive deposits of silver-bearing galena. The mines here will be 
Q.escribed in the mining report of Dr. Endlich. Mr. Taggart ascended 
Mount Lincoln from the town of Montgomery, a'nd in speaking of the 
geological structure I will quote frequently from his notes. On the 
west side of the Platte River, below 1\lontgomery, he made the following 
section: 

Section No. 13. 

Ascending order : 
1. A light·colored quartzite, very much broken up. The weathered sur

face is greenish. The dip is 120 to north of east, 20 feet. 
2. Gray crystalline limestone, conformable to No. 1. It bas bands of 

laminated gray limestone, varying from a foot to a foot and a 
half each, 12 feet. 

3. Limestone very much like that of No. 2, only darker in color, 15 feet. 
4. Cherty limestone, 12 feet. 

Mount Lincoln is 14,121 feet above sea-level. It is capped with a 
trachytic rock, as seen in Fig. 5, Plate VI. This is probably the result 
of a flow fi.·om a dike; erosion has carried away so much material that 
it is isolated, and it resembles a bed that is contemporary. At one point 
on the northeast spur of the mountain Mr. Taggart says he found a 
well-defined dike, about 10 feet in wid.th, which seemed to extend through 
the bends. 

On the ridge running toward Mount Bross Mr. Taggart made the fol- · 
lowing partial section: 

Section No. 14. 

1. Soft and brittle carbonaceous shale, 6 feet. 
2. Gray quartzite, with bands of a dark ferruginous quartzite one to 

two feet each. 78 f~et. 
3. Laminated micaceous :sandstone, 2. feet. 

15 G S 
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4. Gray crystalline limestone, with cross clea\·age, breaking into small 
irregular pieces, 10 feet. 

5. White quartzite, 3 feet. 
6. Dark quartzite, 6 feet. 
7. Gray limestone, with sbaly bands and cross-cleavage, harder and 

lighter colored in the upper part of the bed, 20 feet. 
8. White quartzite, gradually becoming darker until it is red, 80 

feet. • 
9. Very hard brownish limestone becoming laminated and dark-col

ored towards the top, 125 feet. 
10. Light-colored quartzite, 50 feet. 
11. Brown volcanic rock like that on the summit of Mount Lincoln, 

only darker in color. 
"Below Xo.11 is the limestone in which the mines are situated. After 

.about 100 feet .of this is a gray crystalline limestone, very bard and com
pact. This continues for several hundred feet. It is very irregular and 
much bro.ken up, and is followed by a brown crystalline limestone, from 
which there is a great deal of debris." 

Fig. 5, Plate VI, represents a section through l\1ount Lincoln and :Mount 
Bross, in a direction north and south. )\fount Br0ss is nearly two miles 
south of Mount Lincoln~ Between the two there is therefore a portion 
hollowed out, probably by glacial action. A semieircular ridge connects 
the two mountains, which were once probably continuous. On this ridge 
Mr. Holmes made the following section from below up : 

1. Gneiss. 
2. Quartzite. 
3. Blue limestone. 
4. Yellow limestone. 
5. Limestone, (ore-bearing.) 
6. Volcanic. 
I learn from Mr. Gardner and l\1r. Holmes that the quartzites are 

· faulted on Mount Lincoln. The quartzites are probably the equivalent 
of the Potsdam sandstone, and the limestones, which are mostly magne
sian, should be referred to the Quebec group. In the latter. in Four 
Mile Creek Canon, I found fossils that point toward such a conclusion. 
Fig. 6, Plate VI; is a section through Mount Bross from west to east. 
The beds of the section will be found in Doctor Endlich's report. Further 
notes in regard to Mount Lincoln will be found also in Doctor Hayden's 
report. West of :Mount Lincoln is Buckskin Mountain, which heads 
three streams, viz: the South Platte River, Buckskin Creek, and a 
branch of the Arkansas River. The first flows to the northeast, and 
turning to the east around Mount Lincoln, flows southeast. The second 
flows to the southeast into the South Platte, while the third flows to the 
northwest for about five or six miles, and then turns to the southwest 
.and empties into the Arkansas. Above the town of l\1ontgomery, 
between the South Plate and the Blue Rivers, on the main divide, is a 
pass called Hoosier Pass. Its elevation is 11,364. In regard to the 
geology here, I refer again to the notes of .Mr. Taggart, who says: "The 
pass shows no outcrop, but is covered with granite boulders. East of 
it is a point, (A in Fig. 3, Plate VI,) the sides of which show no out
-crop. The summit, which is flat, is covered with volcanie rock, and holes 
·dug by prosp·ectors show the same material. There is a slope to the 
eastward. In the depression or saddle between this point and the next 
·One, which is higher, the surface is covered with a debr-is of fine-graineu 
.gray granite. As we ascend the higher summit we meet first with an 
·outcrop of volcanic rock, and theu higher up an outcrop of coarse con-
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glomeritic sandstone, which continues only a short distance, and 
then we have volcanic again, which continues over the summit until 
we again find on the opposite slope the sandstone .. There is another 
rise. Then we have volcanic again, and then sandstone and vol
canic rock alternately for about half a mile, when, in a greater 
depression than the previous ones, we meet with, first, a coarse sand
stone, which becomes fine-grained, somewhat shaly toward the top. It 
is followed by a red micaceous laminated sandstone at the point B. 
These beds all clip east at an angle of about 15o. They all seem to lie 
in the lap, as it were, of the volcanic rock which is pushed up through 
them. This is shown in the illustration Fig. 3, Plate VI. On the north
ern slope of one of the higher points (D) are fragments of a blue lime
stone. Above it is volcanic rock, but I could not, determine the order 
of superposition. On the opposite side is a cliff-like wall about 6 feet 
high. The volcanic rock seemed to overlie it, and at one point there 
was a distinct dike about 2 feet in widt,h, running through the lime
stone. The volcanic rock seems to have been thrust up and spread out 
over the limestone. On the next slope a.re some coarse sandstones, 
dipping toward the west: From this point the ridge continues to rise 
gradually, and we have a long saddle-like depression connecting it with 
Silver Heels Mountain. On the side of the next high point, in addition 
to the beds already named, are-

'' 1. Coarse sandstone. 
"2. Red shale sandstone. 
''3. Conglomerate. 
"4. Sandstone. 
" These beds lie against the side of the hill, and dip to the northeast." 
The following -section was made by 1\'Ir. Taggart on the ridge east of 

l\ionnt Lincoln, on the east side of the South Platte River, and is in 
ascending order : 

Section No. 15. 

1. Volcanic rock, which seems to reach to the timber-line, although 
there are no distinct outcrops. The whole surface, however, is covered 
with fragments of the rock. 

2. Coarse gray conglorneritic sandstone. 
On the summit of the next ridge we have-

3. Volcanic rock in blocks. Then-
4. Gray .shaly sandstone, dipping to the - ·--, at an angle of about 

15°. This is about 3 feet thick. 
5. Red shaly sandstone, about 6 feet. . 
6. Fine gray sandstone, with small gray quartz pebbles. 
7. Volcanic rock in blocks as before. This exposure is on a higher 

point. 
This section made by Mr. Taggart fills the gap between Mount Lin

coln and section No. 9, made across the park, the profile of which is 
shown in Fig. 1, Plate VI. This volcanic rock, to which reference has 
.been frequently made, is mostly trachytic, and although in many places 
it has very much the appearance of being contemporary, I am of 
the opinion that it is all intrusive. We :Qnd that where it is conforma
ble to the sandstones and limestones the latter beds are always changed 
on both sides of the volcanic material. \i\T e have already ~een this in 
the section made on Silver Heels, and we shall see it again in sections 
made farther south. There are also, as we shall see in Buckskin Gulch 
and in the canon of Four-.Mile Creek, a number of faults and dikes, in 
which everything points to the intrusive origin of the volcanic rock. 
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This will be more clearly shown as we progress. First, we will speak of 
Buckskin Gulch. Buckskin Creek, like aU the streams heading in the 
Park range, has cut profoundly into the rocks, giving us an excellent 
opportunity to study the geological structure. As I have said before, 
the creek rises on the southeast side ofTriaqua., or Buckskin Mountain, 
and flows toward the southeast, around the west side of Mount Bross, 
and empties into the South Platte. Passing through the deserted town, 
which was once a mining center, we soon find ourselves in the canon. 
On the top of the wall-like bluff on either side, capping it, are quartzites 
and limestones dipping a little south of east, at an angle of about 10° 
to 150. · 

Approaching more closely, we see that the quartzites resting on the 
granite are faulted.. The appearance of the bluff-like wall is shown in 
Fg. . This is on the south side of the canon. The following section 
in ascending order is made on the line a j, in Fig. 3, Plate VII : 

Section No. 16. 

a. 1. Granites, coarse and rose-colored. They extend to the bed of 
the creek covered with debris. 

b. 2. Very hard white quartzite, 20 to 30 feet. 
3. Greenish ·volcanic rock, growing wider as we go toward the 

west and thinning out to the eastward, 15 feet. 
c. 4. White quartzite, 10 feet. 

5. Greenish volcanic rock, terminating in a wedge-like point. It 
has split No. 4 from the bed above, (No. 6,) 12 feet. 

\ 6. White quartzite, really a part of No.4, 6 feet. 
d. 7. Brownish snuff-colored quartzite, 2 feet. 

( 8. J.Jight-colored quartzite, with dark ba.nds,14 fe"et. 
9. Greenish volcanic rock, terminating in a wedge-like point, the 

point this t~me being to the westward, w bile before, in No. 5, 
it was toward the east, 12 feet. 

\ 10. Dark-colored quartzites, 6 feet. 

I
ll. Light-colored quartzites, 8 feet. 
12. Banded quartzite, in layers about a foot thick each, gray and 

e. ~ rust-colored, 12 feet. 
I 13. Light pinkish quartzite, 4 feet. 
114. Dark reddish quartzite, 15 feet. 
l. 15. Banded quartzites, about 100 feet. 

These beds correspond to the quartzites on the side of Mount Lincoln, 
and are undoubtedly only their southern prolongation. As we go up 
the creek we find that there is a large fault, and that we again come to 
these b~ds dipping in the same direction. The line of this fault if pro
longed would .Pass to the west of Mount Lincoln near Triaqua }\fountain. 
It probably extends into Mr. Marvine's district. It also continues to the 
southward, where we shall refer to it again; the · down-throw is to the 
west. · In Mosquito Gulch, the next one south of Buckskin, the same 
beds occur with the same great fault, and with smaller local-faults in the 
quartzites. Mr. Taggart made the following section on the south side 
of the creek. It is made to the right of the fault (AB, CD, EF,) shown 
in Figs. 1, 2, and 3, Plate VII.f. . 

Section No. 17. 

1. Reddish volcanic rock. 
2. Dark quartzite, (reddish,) 3 feet. 
3. Light quartzite, dipping 200 toward east, 8 feet. 
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4. Reddish volcanic rock, 12 feet. 
5. Light quartzite banded with dark, 5 feet. 
6. Gray quartzite. 
8 . . Greenish volcanic rock, 10 feet. 
9. ' Light quartzite; unable to get thickness. 

10. Micaceous sandstone, 4 feet. 
11. White quartzite, 8 feet. 
12. Reddish volcanic rock, 15 feet. 
13. White quartzite opposite volcanic rock. 
14. Greenish volcanic rock, 8 feet. 
15. Gray quartzite, 6 feet. 
16. Micaceous sandstone, 4 feet. 
17. Gra~· quartzite, with bands of brown sandstone, 

20 feet. 
18. Pink sandstone, with bands of pink shales 2 to 6 

inches thick, 3 feet. 
19. Gray quartzitic sandstone. 40 feet. 
20. Com pact gray limestone, 15 feet. 

From Mr. Tagg'lrt's notes I take the following: " Below bed No. 2 
there is gneiss on the same plane with a gray quartzite,/, in Fig. 3, Plate 
VIII. From diagram No. 2 to 3 the line of the fault is continuous. 
The fault is filled with volcanic rock, which can be. very readily traced. 
The diagrams had to be made in sections. The line is not uniform .• 
The volcanic rock at the bottom of diagTam No.2 is probably continu
ous with that at the top of No. 2, but there was so much debri8 that I 
was not able to ascertain definitely if it was or not." 

The quartzites in Mosquito Gulch dip more nearly to the east than they 
do in Buckskin. The angle is about 15o, Going up creek we find t he 
same fault we saw in Bucksldn, and after passing the gneiss we find a 
small patch of quartzites, still dipping east but at a less angle. The 
gneiss has seams of volcanic rock. Then we have another fault, the 
line a b in Fig. 1, Plate VII, which shows the appearance on the 
south side of Mosquito Creek. A short distance farther up, between 
the fork~ of the creek, is an isolated ·hill. (Fig. 2, Plate VII, shows 
this hill looking north.) The eastern end is gneiss, then follows vol
canic rock, and at the western end the same beds of qqartzite outcrop 
that we saw at the mouth of the canon. V\rhen we cross to the Arkan
sas side of the range we find them again, while between is a layer of 
very massive volcanic rock. · In add it ion to the quartzites on the Al'
kansas side are very dark, almost black, limestones, which probably 
belong to the Quebec group. These rocks are all highly metamor
phosed. The divide itself is composed of a volcanic roek with Silurian 
strata above. Between the divide, which has an elevation over 12,000 
feet, and the hills to whkh we have just referred, and which are shown 
in the illustrations, there is a low pass, the direction of which is nort.h 
and south. On the branches of Sacra.mento Creek-the next south of 
Mosquito-the same beds are lifted up on the granites. I did not go 
up the creek, but doubtless the same faults exist that are seen on tlle 
other streams. It was on Horseshoe or Four-Mile Creek that we were 
able to make the most complete sections. The following section was 
made from the mouth of the canon of Four-Mile Creek westward to 
Horseshoe Mountain. It is in descending order: 

Section No. ~8. 

a. 1. Brown metamorphosed sandstone, 3 feet. 
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2. Blue limestone, 30 feet. 
3. Laminated limestone, bluish-gray, 10 feet. 
4. Coarse brownh;h quartzite, 3 feet. 
5. Light-bluish .limestone, with cross cleavage. and containing in 

places grades with quartz crystals, 20 feet. • · 
6. I .. ight grayish-blue limestone, on weathered surfaces light gray; 

in the middle there is a band of blue limestone with white 
seams, 70 feet. 

7. Blue limestone, the upper layers very hard and compact. The 
lower layers are fossiliferous, and contain on the weathered 
surface fragments of au Orthis like 0. desrnopleura, Meek, and 
Euomphalus, 50 feet. 

8. Light-gray magnesian limestones, 30 feet. 
9. Quartzite, 10 feet. 

10. Bluish magnesian limestone, 4 feet. 
11. Very hard, reddish quartzite, with interlaminated black · shales, the 

lat.ter about 6 inches · in width, and the quartzite varying from 8 
inches to 2 feet, 10 feet. 

12. Red and green hard shales, in fine laminre, and breaking into small 
pieces, 2 feet. 

13. Reddish-brown quartzit1c sandstones. About 3 feet from the bot
tom there is a layer 6 inches thick of red shale, with muu-marks 
in layers of a few inches each. The S\Hfaces between the layers 
are brightel'lt in color; 40 feet. 

14. Fine brownish-gray sandstone shale, in laminm one-fourth of an 
inch thickness, 2 feet. · 

15. Brown quartzitic sandstone, in laminm from 2 to 4 inches thick; at 
the top the surfaces are coated with green, 30 feet. 

16. Reddish quartzitic sandstone, 20 feet. 
17. Dark-purplish quartzitic sandstone, containing near the top irregular 

layers of soit, dark-purple sandstone, with green glauconitic (~) 
grains, 15 feet. 

18. Reddish quartzitic sandstone, somewhat irregular ip. structure, and 
containing layers of quartzite each a few inches in thickness, 15 
feet. 

19. Quartzite, w_hite below and pink above, in beds of 2 or 3 feet thick-
ness, 15 feet. · 

b. 20. Gneiss reaching to the bed of the creek. On the summit of the 
hill we have some of these beds fold-ed in, as shown at the point 
k in Fig. 1, Plate IX, between the gneiss and the next bed. 

21. Volcanic rock, causing the great fault between the points k and c 
in the section. In this volcanic rock there are included frag
ments of the stratified beds of the section given above. The thick
ness of the rock is about 300 feet. 

c. 22. Sandstones somewhat coarse and conglomeritic, dipping a;t an 
angle of a bout 250 to 30o. 

d. 23. Volcanic rock, like 21. This forms the cap of the bill, marked d 
in the illustration. At the bottom it appears to be about 300 . 
feet thick, and at the top must be nearly 1,000 feet. The rock is 
porphyritic, and the lower layer next to beds of No. 24 have a 
somewhat regular jointage at right angles to the dip. The color 
below is a gray, becoming rusty in places and lighter in color 
above. 

24;. Sandstones, for the most part coarse and conglomeritic, with inter
laminated black argillaceous shales, especially near the top; below 
we have a few bands of limestone, reaching 3 or 4 feet in thick-
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ness. These sandstones extend from e to gin the illustration. At 
the point f there is a small fold. The general dip is to the east
ward, at an angle of from 100 to 200. The angle is greater on the 

· west side of the fold. The thickpesr of the sandstones is about 
903 feet. 

25. Black and gre~nish-gray sandstones~ shales micaceous, 6 feet. 
26. Sandstone, 51 feet. 
27. Blue limestone, very dark, and weathering of a reddish brown color, 

20 feet. 
28. Sandstones, conglomeritic, generally of a gray color, about 600 -to 

800 feet. 
29. Fine black shales, 6 feet. 
30. Greenish-gray micaceous, sandstone-shale. The mica is silvery and 

especially distinct between the laminre. They become quartzitic 
above, 34 feet. 

31. Bluish and brownish limestone, with interlaminated· shales, 10-feet. 
32. Sandstone, 2 feet. 
33. Limestone, 4 feet. 
34. Fine black argillaceous shales, 9 feet. 
35. Coarse grayish sandstone, 10 feet. 
36. Limestones and shales, 6 feet. 
37. Greenish-gray micaceous sandstones. Toward the top the beds be-
. come very coarse, 15 feet. 

38. Limestones and bluish argillaceous shales with sandstones. The 
upper portion of the bed contains in blue shaly limestones fine 
specimens of Productus semireticularis, P. nebrascensis, Spirifer 
opimu,s, Productus prattenanus, and a Pleurotomaria,* 57 feet. 

39. Black shaly limestones, in the lower part of which we find the fol
lowing fossils, Productus Spirifer, and fragments of Trilobites, 34 
feet. 

40. Quartzite sandstone laminated and micaceous, 15 feet. 
41. Space covered with the debris of a porphyritic volcanic rock, 5 feet. 
42. Sbaly limestone, 3 feet. 
43. Space covered with debris of volcanic rock, limestone, and ~:;and-

stone, 27 feet. · 
44. Porphyritic volcanic rock, about 10 to 20 feet. 
45. Blue laminated limestone, 10 feet. 
46. Quartzitic sandstone, lighter colored and laminated above general 

color, steel gray to brown, 6 feet. 

* PLEUHOTOMARIA TAGGART!, Meek. 

Shell attainmg a large size, turbinate, very thin, slightly longer than wide; spire 
depressed, conical, a little shorter than the length of the aperture; volutions five to 
five and a halt~ flattened above to the slope of the spire, last one very prominent and 
angular around the middle, with the under side slightly convex and sloping in ward 
nearly at right angles to the flattened slope of the upper side above the peripheral 
angle; suture merely linear; umbilical region but very slightly excavated and imper
forated; aperture rather large, subquarate, wi.th height and breadth apparently nearly 
equal; spiral band extremely narrow, occupying the peripheral angle of the body 
volution, and passing around only about its own breadth above the suture on those of 
the spire ; surface nearly smooth, or showing only obscure lines of growth, with ap
parently merely the faintest possible traces of revolving j>trire. Height about 2.60 
inches ; breadth about 2.49 inches. 

In size and general appearance this fine species somewhat resembles P. missouriensis, 
( Trochus ?nissouriensis, Swallow,) but it may be at once distinguished by havinp; its body 
volutioQ below the periphery longer than the height of the spire above it., instead of 
flattened, as well as by wanting the distinct revolving lines of that species. The 
specific name is given in honor of William R. Taggart, esq., of Dr. Hayden's survey, 
who discovered the type specimen. 
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47. Porphyritic volcanic rock, 20 feet. 
48. Brownish-gray arenaceous limestone, 15 feet. 
49. Blue laminated limestone, 15 feet. 
50. Shales, 5 feet. · . 
51. Porphyritic \'Olcanic rock, 20 feet. 
52. Blue laminated limestones, 6 feet. 
53. Bluish-gray lirneRtone, fossiliferous, 10 feet. 
54. Volcanic rock, 8 feet. . 
55. Blne shaly limestone, 15 feet. 
56. SandRtoue, 10 feet. 
57. Blue shaly limestone. 15 feet. 
58. Sandstone, 6 feet. · 
59. Bluish black limestone, 5 feet. 
60. Brownish quartzitic sandstone, 21 feet. 
61. Bluish black limestone, 11 feet. 
62. Sandstone, light colored and soft above, becoming darker and quartz-

itic as we go down, 10 feet. 
63. "\\7bite laminated volcanic rock, 17 feet. 
64. Indistinct outcrops of a black shaly limestone, 12 feet. 
65. White quartzite of a rusty color on weathered surfaces. .Just 

above it there are indications of'bluish limestone, prcbably a con
tinuation of bed 64, 75 feet. 

66 . .A very dark-blue limestone, weathering black crystalline, and con
taining nests of calcite distributed through it, 8 feet. 

h. 67. Light colored laminated porphyritic volcanic rock, very similar to 
No. 63, about 10 to 20 feet. 

68. Dark bluish-black limestone, very irregular in structure, especially 
near the top; at top is pink on weathered surfaces, 60 feet. 

69. Sandstone and limestone conglomerate, 10 feet. · 
70. Darlr-blue limestone, 2 feet. 
71. Rusty-brown quartzite, 2 feet. 
72. Blue limestone, 50 feet. 
73. Light-gray quartzite, 4 feet. 
74. Light-blue limestone, with irregular cross-fracture weathering of a 

lighter color, for the most part fine grained, becoming coarse in 
some places. In the upper part it becomes laminated and some
what darker. On weathei-ed surfaces there are crinoidal frag
ments. Thickness estimated, 10-15 feet. 

75. Light brownish ·quartzite, passing into sandstone near the top; a 
few feet from the bottom there is a layer, a few inches in thick
ness, of greenish sandstone, 20 feet. 

76. Magnesian limestone, light colored, with seams of dolomite. The 
beds become darker from the bottom up ; 50 feet. 

77. Light~luish magnesian limestone, weathering of a yellowish color, 
becoming siliceous as we go down, 15 feet. 

78. Brown quartzite, 10 feet. 
79. Laminated sandstones,general color a pinkiAh gray; about half way 

down there is a layer of shales. The lamination is most distinct 
in the lower part of the bed, the laminm having a red coating, 15 
feet. 

80. Massive gray sandstone, 10 feet. 
81. Pinkish-gray sandstone. laminated, laminte 1 to 3 inches in thickness, 

with green coatings between, 10 feet. 
82. Light-gray laminated sandstone, somewhat shaly in places, laminte 

from 1 to 3 inches in thickness, 6 feet. 
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83. Light reddish-gray sandstone, with red shaly bands. At the top 
there is about one foot of pink sanrtstone; 6 feet. 

84. Sandstone with brown and red lines, genPral color reddish brown, 
dark below, 6 feet. 

85. Yellowish-brown laminated sandstone, very hard and compact, 
almost quart.zitic, breaking into laminre from one-eighth of an 
inch to 2 or 3 inches in thickness, 6 feet. . 

86. Gray sandstone, somewhat laminated at the top; weathering of a 
rusty brown ; 20 feet. 

87. Brown laminated sandstone, with green coating between the laminre, 
2 feet. 

88. Light brown sandstone, with bands of white quartzite varying in 
thickness from four inches to a foot; the thickest at the top; 6 
feet. 

89. Brown quartzitic sandstone in laminre of about 18 inches each, 6 
feet. 

90. 'Vhite quartzite, 4 feet. 
91. Brown quartzitic sandstone, 2 feet. ' 
92. White quartzite, (about 2 feet from the bottom there is a layer of 

brown sandstone 6 inches thick,) 5 feet. 
93. Brown quartzitic sandstone, 2 feet. 
94. White quartzite, 5 feet. 
95. Brown quartzitic sandstone, 5 feet. 
96. White quartzite, 20 feet. 
97. Brown quartzite, 10 feet. 

i 98. Granite, coarse, and rose-colored. · 
This bed (98) reaches to the bottom of the canon at the head of the 

creek under Horseshoe Mountain. The section from bed 1 to 20 is made 
on the line ct b, Fig. 1., Plate IX. From bed 24 to bed 67, inclusive, it 
is made between the points e and h in the illustration; while the remain
der of the section (68 to 98) is made on the line marked hi. In the top 
of bed 23 of the section given above we have fragments of the sandstone 
of No. 22 caught in the mass; and again we see the volcanic rock pene
trating the sandstones, and their interlaminat~d shales changing their 
character very much. :.Mr. Holmes sketched several of these intrusive 
masses, which are beautifully shown in Figs. 1 and 2, Plate X. The 
lower beds in the section given above dip at an angle of about 10 to 15 
degrees. The quartzites and magnesian limestones in tile last part of 
the section are the same that are given in the first part on the east side 
of the fault. 

It is a question whether or not the sandstones of No. 22 of this sec
tion (No. 18) are the same as No. 24, or whether they belong to a higher 
horizon, and have been merely separated by the intrusion of No. 23. I 
incline to the latter. The character of the sandstone in both places is 
similar, but in No. 24 there is very little difterence between the top and 
the bottom layers. The difference i~ no greater than between No. 22 and 
the top of 24. If 22 is merely the continuation of 24 folded, the ends of 
the two probably connect below the surface. The rock of No. 23 is pe
culiar. It is trachytic, and very highly siliceous. It is very white, and 
might, if seen alone and not very carefully examined, be mistaken for a 
highly-metamorphosed sandstone. A closer examination reveals the 
presence of crystals of feldspar. The large proportion of silica is due, 
perhaps, to the intrusion among the sandstones, from which it was, in 
great measure, derived. . 

As seen in the illustration, Plate IX, Fig. 1 at c, bed 22 dips about 
300, while No. 24, ate in the illustration, dips about 150. 
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At the head of . Four-l\file Creek are two branches which head in 
Horseshoe Mountain. Each of these small streams beads in an ampbi- · 
theater, the center of which is granite, upon which rest the quartzite 
and limestone given in the section above at the lower part. They form 
an arch, as is seen in the illustration, and it is this that gives the name 
to the mountain. Between the two amphitheaters is a point which is 
capped in the same manner. The limestone and quartzite extend up 
on the divide, and it is in them that the silver-bearing galena is found. 
They are very much metamorphosed and somewhat broken up by veins 
of volcanic material. In Empire Gulch, which, with Iowa Gulch, heads 
directly opposite Four-Mile Creek, these beds outcrop again. Iowa 
Gulch affords the best exposure, however. Fig. 2, Plate IX, repre
sents the outline along the south side of Iowa Gulch, continuing the 
section that we made on Four-Mile Creek. We see, then, that at the· 
head of the gulch another fault, as great as the one noticed on the divide 
as the bead of Mosquito Creek. It is in fact a continuation of the same 
fault. A section through the hill, marked B in Pig. 2, Plate IX, is 
represented in Fig. 3, Pl2tte XI, the figures corresponding with those 
in the following section: 

Section A. 

1. Volcanic, capping the hill. 
2. Bladk limestone, very much metamorphosed. 
3. Thin layer of quartzite. 
4. Volcanic rock, columnar. 
5. Bed of quartzite. 
6. Volcanic, columnar. 
7. Quartzite. 
8. Volcanic, columnar. 
9. Pragment of quartzite bed. 

10. Quartzite. 
11. Volcanic, columnar. 
12. Fragment of quartzite. 
The quartzite from a distance has a yellow color. The base of the hill · 

is covered with debris~ but underneath I think we would find gneiss. 
The beds of volcanic rock (which is a variety of trachyte) are beautifuJiy 
columnar. Beds 7, 9, 10, and 12 are fragments that seem to have been 
caught in the flow of volcanic material. Figure 2, Plate XI, represents 
a section through a hill about half a mile west of the hill B, on the north 
side of the creek,. between the main creek and a small branoh. Here we 
have the following section : · 

Section B. 

1. Volcanic. 
2. Blackish limestone, very much metamorphosed. 

· 3. Yellowish quartzite. 
4. Volcanic, in fine columns. 
5. Gneiss. · 
6. Volcanic. 

The rest of the hill is covered to the base. In the gneiss, layer 5, 
there are seams of the volcanic rock. A section through the hill A, 
which is the same hill as A in Fig. 1, Plate IX, is shown in Fig. 1, Plate 
XI, corresponds to the following: 
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Section 0. 

1. Volcanic, capping the hill. 
2. Blaek limest<1ne, very much metamorphosed. 
3. Yellow quartzite. · 
4. Volcanic, in columns. 
5. Quartzite. 
6. Volcanic. 
7. Quartzite. 
8. Volcanic. 
9. Quartzite. 

10. Gneiss. 

In these three sections just given the bed marked No. 1 is the same in 
all. So is the bed of limestone marked No.2 in all the sections. No.3 of 
the second section, (b,) in the third (c) bas been split up into four beds, 
Nos. 3, 5, 7, and 9. In the first, (a,) it has been split into six ueds, viz, 
3, 5, 7, 9, 10, and 12. 

No.4 of section (b) which is represented in the first•(a) by Nos. 4, 6, 
8, and 11. In the third section (c) the volcanic rock is much thicker, 
and is represented by Nos. 4, 6, and 8. It has thrown the fragments of 
quartzite, Nos. 5, 7, and 9, lower down. The bed, No. 10, corresponds 
with No.5 of the second section. The hill marked C in the illustration 
(Fig. 2, Plate IX) is capped with volcanic, and below are sedimentary 
beds again which have dropped down. The center is gneissic. Still 
farther down the creek, at the point D, is another fault, and then a fold 
which is merely local in the quartzite between a and b. At the latter 
place there is a break again, and then the quartzites .are almost, if not 
quite, horizontal. AtE is another fault; and beyond the quartzites dip 
about 12°. It will be seen that in all these faults the down-throw is on 
the west side. In California Gulch, which is the one next north of Iowa, 
the rocks are more covered up, but there is probably the same condition 
of affairs as we see here. We have seen; then, that there are two main 
lines of faulting running north and south, which we haTe traced from 
Mount Lincoln southward to Horseshoe Mountain, a distance of about 
ten or eleven miles. In Plate XII is represented a section made · 
through stations 56 and 57, about five miles south of Four-Mile Creek. 
The sec Lion is as follows : 

Section No. 19, made by lJ!r. Gardner. 

a. 1. Conglomerate. 
2. Soft white limestone. 
3. Gray limestone. 
4. Nodular li'mestone. 
5. Blue limestone. 
6. Quartzite, white. 

b. 7. Schists with veins of granite. 
8. Quartzite . 

. 9. Nodular limestone and shales. 
10. vVhite quartzite. 

c. 11. Gneiss and schists. 
12. Limestones. 
13. Quartzite. 

d. 14. Gneiss. 
The faulting in the center of the diagram is evidently the second or 

western fault at Horseshoe. That is the one observed on the divide. 
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The first one probably dies out to the southward of Station 45, .or Sheep 
Mountain. The country slopes off in that direction, and from station 45 
there i:;; a long ridge on the east side of a branch of ·the Little Platte, 
which slopes toward the park. In following up the Little Platte to 
Weston's Pass, I saw no indication of the first fault. The trend of the 
fault at the point b in the illustration is about south 100 east. How 
much farther it extends to the southward I was unable to determine for 
want of time. The dip of the schists at the point din the diagram is 
toward the east. They are of a rusty-red color, with micaceous layers 
in some places, and in others quartzitic beds with light"colored granites 
below. These schists extend to the Arkansas River, and it is through 
them that the river cuts the canon, to which I will refer further on. On 
leaving the mo-q.th of the canon on Four-Mile Creek and going eastward, 
we find that all the underlying beds are covered. From a few indica
tions of volcanic rock, however, I am inclined to believe that there is a 
fault running toward the north, the line of which would pass east of 
Mount Lincoln. We have seen (section No. 16) that on the ridge east 
of Lincoln then~ is a line of volcanic rock. This probably represents a 
line of faulting. On looking at the map we see that there is an abrupt 
turn in the course of Four-Mile Creek directly on the prolongation of 
this line, the course for a short distance being in a line with that of the 
Platte west of the ridge where section No. 15 was made. 

In section No. 18, we have the Potsdam group in beds No. 11 to 19, a 
thickness of 119 feet. This is repeated again in beds 78 to 79. ~l'he 
estimated thickness here is greater, being 156 feet. In section No. 18, 
made by Mr. Taggart, in Mosquito Gulch, the thickness is 160 feet. In 
Buckskin Gulch it was estimated at over 200 feet in section No. 16. 
This last is probably exaggerated, as the upper bed in the section was 
estimated from a point some distance below it. Tbe thickness of the 
Potsdam group along this range probably averages about 150 feet. 
The remainder of the Silurian layers will probably average about 200 
feet in thickness. It is probably an referable to the Quebec group. 
The lower layers are so beyond doubt. .._<\. comparison with the same 
layers already treated of in the first chapter is given below: 

Locality. 

Glen Eyrie . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . • . • . . 40 
Trout Creek.......... . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 60 to 80 
Range between South Park and Arkansas Valley ......•..•.•... 150 

73 
100 to 150 
200 

There has, therefore,, been an increase in thickness as we have come 
westward. The line between the Carboniferous beds and the Silurian is ' 
in all probability the bed No. 68 or 69 of section 18. The lower part of 
the Carboniferous contains a number of beds of limestone, with "inter
laminated black shales, more or less argillaceous. In no case do 
these beds· attain a great thickness, and between them are beds of 
micaceous sandstones, which are laminated; Their general color is a 
greenish gray, with the mica especially noticeable between the laminre. 
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As we go up the limestones gradua11y thin out~· and the sandstones be
come coarser and coarser, pointing to the existence of shallower waters 
during their deposition. I was unable to define the line between the 
Carboniferous and the beds that I consider to be of Permian age. 

Going south from Weston's Pass we find that the range ends rather 
abruptly in Buffalo Peaks. South of this the divide between South Park 
and the Arkansas is• comparatively low. Buffalo Peaks consist of two · 
high conical points of about equal elevation, viz, 13,365 feet. Between 
the two there is a ridge bounding an amphitlleater, which faces to the 
northeast. On the face of this we find, going from the top toward 
the base, the following beds: 

Section No. 20. 

a. 1. Trachyte, weathering v-ery dark from the amount of iron it contains. 
There are crystals of hornblende and sanidine. On fraeturing 
the rock the matrix is seen to be light-colored. This is found 
on the western summit of the peak, and extends across along the 
ridge to the eastern summit. Below we have-

b. 2. Trachyte. · The upper part of the bed has a bluish color, which 
becomes red below. This is also hornblendic, and contains crys
tals of sanidine. The rock is more compact and finer-grained 
than that on the summit; 100 feet. 

c. 3. Reddish breccia. The included masses are highly porphyritic, 100 
feet. 

d. 4. Light gray tufa. I could not see the line between it and the one 
above. There are light-yellow pebbles in this rock. In the lower 
part there is a soft black layer, thin; 5 feet. 

e. 5. Columnar layer of very hard black rock, containing a large quantity 
of hornblende and obsidian. There are, also, a few included 
pebbles. The columnar form is quite distinct in places; 50 feet. 

~ 
6. Light tufacious rock, very soft, mostly of a white color, but pink in 

some places and yellow in others, 150 feet. 
f J 7. Gray breccia, which reaches to the base of the peak as far as can 

{ be seen; 200· feet. 
This section corresponds with Fig. 8, Plate VI. 

I was extremely sorry that I was unable to work to the eastward of 
the peale Until that is done the opinions in regard to these rocks must 
be to a great extent conjectural. On the west side of the west cone, g 
in Fig. 8, Plate VI, resting on the granite, is a bed of white and rusty
looking quartzite, dipping toward the east at an angle of about 10°. 
Going toward the north we find above the quartzite, and dipping in the 
same direction, a bed of limestone very much changed. In one place 
there is a flinty layer, over which I found coatings of chalcedony. These 
beds are probably a continuation of those seen in Weston's Pass at the 
pointe in Fig. 1, Plate XII. They seem to have been caught here by 
the volcanic rock. A.s we go south the beds continue uninterruptedly, 
as we shall see on Trout Creek. The rock on the summit of Buff
alo, although lighter in color, is very nearly like that found on the 
tops of the buttes near the salt-works. They are probably identiical, 
the differences being caused, perhaps, by the difference in length of 
time of cooling. In both plac(ls the trachyte is micaceous. The peaks 
are evidently a center of eruption, and the overflow was probably toward 
the southeast in the direction of the salt-works. Fig. represents an ideal 
section through the peaks from east to west, the dotted lines representing 
the planes of deposition of ·the various beds given in the section abGve. 
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There has been so much erosion, preceded by glacial action, that the 
greater part of the beds has been removed. That the section represents 
the actual condition of affairs is rendered the more probable by the fact 
tllat Dr. Endlich found in his district just south of our line the same 
succession of beds at Promontory Point. Here the succession and order 
of superposition was more clearly demonstrable. Trout Creek is the 
second large creek flowing into the Arkansas from th(/ east below Buf
falo Peaks. Crossing the low divide southeast of the salt-works, we 
:find exposures of black shales and conglomerate sandstones dipping a 
few degrees east of north, and inclining 350 to 40°. Below the black 
shales we ha-ve sandstones and green shales; t:p_en we have blue limestone; 
then there is a space in which all the beds are covered up. The next 
outcrop is a gray limestone, below which there is a blue limestone. I 
was unable to get the dip, but it. is probably tlle same as we ~aw in the 
beds above. After leaving these outcrops we come into a small park, 
about five miles in length and over a mile in width. It is a beauLiful 
meadow-like park, in which the underlying beds are almost entirely con
cealf'.d. At the upper end, however, I was able to make the following 
section: 

Section No. 21. 

' In descending order: 
1. Light-reddish gray micaceous sandstone, 50 fe~t. 
_2. Blue limestone, 3 feet. 
3. Yellow sandstone shales, 13 feet. 
4. Light-red micaceous sandstone, 10 feet. 
5. Hard reddish brown sandstone, 6 feet. 
6. Gray shales, 4 feet. 
7. Red shaly sandstones, 6 feet. 
8. Fine bluish shale, 5 feet. 
9. Yellowish-brown sandstone, 3 feet. 

10. Bluish shales, 6 feet. 
11. Red shales, H feet. 
12. Brown and- red shaly sandstone, 13 feet. 
~hese beds all dip toward the northeast at an· angle of 400, They 

correspond closely to the limestones and sand~toues seen in sections 
Nos. 10 and 11, and to those east ot Fair Play below the red beds, and 
which I have already referred to the Permian. Farther down the 
creek we find outcrops of greenish micaceous sandstone. These beds 
are _laminated, and between we have fine black shales. The dip 
is still in the same direction. Below these are blue limestones, and 
still farther gray limestone. These beds are undoubtedly Carbon
iferous, and a closer search than I ,had the time to make would 
doubtless reveal fossils in some of the layers. At the lower end of the 
park the creek has cut its way through the beds at right angles 
to the strike, and the beds stand on either side as a high wall, 
dipping northeast at an angle of 15o. Resting immediately on the 
granite there is a bed of quartzite. Above this there is a bed of dark
gray limestone, about 200 feet in thickness. Next follows 10 to 20 feet 
of brown quartzite and then limestone. Above this the beds are cov
ered until we reach the Carboniferous layers already referred to. The 
quartzite and limestone resting on the granite are evidently the direct 
prolongation of the beds noticed west of Buffalo Peaks. Farther south 
and southeast, in Dr. Endlich's district, these beds are more_ distinctly 
shown, and will be fully treated of by him. Trout Creek, for the rest of its 
course, flows through granitic rocks. About two or three miles below 
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the park we find on the east several high hills of trachyte. There is a 
small branch coming in here which seems to form the boundary between 
the trachyte and the granite. This is a portion of the same eruptive 
material seen east of ·the salt-works, of which it is the cont,inuation 
southward. I shall reserve the consideration of the Arkansas ValleJ7 to 
the next chapter. 

CHAPTER III. 

ARKANSAS VALLEY-EAGLE RIVER--SAWATCH RANGE. 

The Arkansas River, in our district, has a course a few degrees east 
of south. On the east side we have the Park range, separat.ing the 
valley from South Park, while on the west is the Sa watch, or main range 
of the Rocky Mountains, forming the continental divide. It has here, 
perhaps, its culmination. The range to the southward of 1\fount Bowles 
falls off, as it also does north of the mountain of the Holy Cross, which 
is the last peak in the range in this direction. Before reaching this 
point the water-divide sweeps around the head of the Arkansas to the 
eastward. In the Sawatch range we have first Mount Bowles, rising 
14,106 feet above sea-level. About twelve miles farther north is Mount 
Harvard, having an elevation of 14,208 feet. The next high point meas
ured was La Plata Mount, which is eleven mHes northeast of Harvard: 
its height is 14,126 feet. Grizzly Peak, at the head of Lake Creek, is 
about se~en miles from La Plata, and a little north of east from it. Its 
elevation is 13,786 feet. Six miles east of north from La Plata is J\'~ount 
Elbert, named in honor of the governor of Colorado: its elevation is 14,150 
feet. Six miles farther north is Massive Mountain, having an elevation 
of 14,192. North of Massive Mountain the range is comparatively low 
until we near the mountain of the Holy Cross, when it rises again. The 
elevation of the Holy CrosS~ is 13,4 78: it is about eighteen miles north 
of Massive Mountain. Beyond it, the range dies out, and we have Eagle 
River sweeping around to reach the Grand River. As we have seen in 
the latter part of the last cha,pter, Trout Creek flows through granitic 
rocks, which continue to the valley of the Arkansas and are the pro
longation of those seen west of Buffalo Peaks. The granite is gen
erally coarse and of a reddish color, with seams of white quartz. The 
bedding is probably the same as we saw at the peaks, that is; to the north
east. The eruptiYe rock that is seen near the head of the creek extends 
to the southward and southeast, and will be fully treated of in Dr. End
lich's report. I did not go farther down the Arkansas Valley than oppo
site the mouth of Trout Creek. Here we have a beautiful broad valley, 
with streams coming in from either side, and cutting deep terraces in 
the deposits of drift. There ·is a gradual slope from either side to the 
river. The main part of the valley lies on the west side, and it is here 
that the terraces are most conspicuous. The valley is park-like, and is 
about six miles wide: it extends southward into Dr. Endlich's district. 
I found nothing but -drift as far as I had time to examine the deposits. 
I was unable to determine whether the drift is of gla(•ial origin or not. 
It is probable, however, that it is; for in the canons in the range far
ther north we have abundant evidence of glacial action. 

Below the mouth of Trout Creek, Dr. Hayden, in 1869, found Tertiary 
beds. He refers to them as follows:* "On the west side of the Arkan-

* Report, 1869, page 177. 
• 
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sas Vallej· the recent Tertiary beds run up to and overlap the margins 
of the. mountains. They are composed mostly of fine sands, arenaceous 
clays, and pudding-stones, cream·colored arenaceous clays, and rusty 
yellow marls, fine sand predominating. . These beds weather into pecu
liar architectm:al forms, so mew hat like the 'Bad Lands of Dakota.' In-' 
deed they are very nearl~T t.he same as the Santa Fe marls, and were 
doubtless contemporaneous; and dip at the same angle, three to five 
dogrees a little west of north. The tops of the hills have all been planed 
down as if smoothed by a roller. I have called this group the Arkansas 
Marls." 

Above this valley the river is in a canon, or rather a canon-like valley, 
until we get above Twin Lakes, when we have another valley reaching 
almost to the head of the stream. It is about sixteen to twenty miles 
in length, and about ten miles in width at the lower. end. The whole 
valley, as far as could be determined, is underlaid by granite. At the 
lower end, back of Weston's ranch, in the terraces, there are modern 
Tertiary deposits, soft conglomerate sandstones. The whole valley is 
terraced, especially on the eastern side. These terraces are covered 
with drift1 no under-lying beds being exposed until we get to the lower 
end of the valley. On almost all the streams coming into the Arkansas 
from the west above the lower valley we have morainal benches. Be
tween the two broad valleys mentioned above, the river flows through 
a monoclinal rift in the granites and schists, the eastern side of the 
canon remaining intact, while the west is somewhat broken down by the 
streams coming from the mountain on that side. The canon is plainly 
one of erosion, and in some places is from 1,000 to 1,500 feet in 
depth. The bed of the stream is strewn with enormous boulders, in some 
of which there are pot-holes. The river while in the canon falls at the 
rate of about 60 feet to the mile. The first large creek coming in from 
the mountains above the mouth of the canon is Pine Creek. There are 
along this creek well-defined lateral moraines. I did not, however, go up 
the creek, but waited until I reached La Plata, which is much larger, 
being about fourteen miles in length. The valley is about half a mile 
in width, with beautiful meado.ws in the lower portion through which 
the stream gracefully winds. On either side bordering this meadow-like 
valley are two morainal benches extending from the edge of the mount
ains to t.he river, a distance of about 800 to 1,000 feet in height; they are 
at the edge of the mountains, gradually falling off as we approached the 
river. I could find no evidence of any terminal moraine. The southern 
bench is well timbered on top with pines and aspens, whi1e the sides of 
both are overgrown with sage-brush. Entering the canon, which is 
cut profoundly into the granites, and is quite picturesque, we find that 
the rocks ~cattered over the bottom are rounded and polished. There 
were very few evidences of striation and groovings on the rocks on the 
sides, and t.hese were all very indistinct. In the center of the canon 
the stream bas cut a deep, narrow, secondary canon in the granites, 
some 50 feet below the general level of the valley, which once formed 
the floor over which the glacier passed. The next creek to the north is 
Lake Creek, which is by far the most extensive branch of the Arkansas; 
it Is about sixteen miles in length, and flows almost due east, one branch 
draining the country between La Plata Mountain and Grizzly Peak, 
while another branch, theN orth Fork, comes from the north, draining the 
country southwest of Massive Mountain. Before reaching the river, the 
creek passes through the Twin Lakes, two beautiful lakes, probably of 

• · glacial origin : they are separated by morainal material. There are 
moraines on both sides of the creek, as well as along all the main branches, 
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which are somewhat concealed in many plac · s by t.he timber. The 
granites in the canon are beautifully polished, and rouuded even more 
noticeably than in the canon of La Plata Creek!. The rock exposed in 
these canons is granitic-a granitic porphyry ofl a light color, with crys
tals of feldspar, (orthoclase,) rather large and conspicuous, in a fine
grained matrix : on weathered surfaces the crYi\stals are of a purplish 
color. 

On La Plata :Mountain Dr. Hayden found evi lence of volcanic intru
sion. At a point in the canon below the junction of the North Fork there 
are also evidences of a trachytic dike. Fo1lo'fing up the creek that 
rises immediately west of La Plata Mountain, and ascending the ridge 
opposite, we find trachyte. The western slope I of the ridge is covered 
with debris, which weathers of a bright red color. The exposures are 
limited. vYe find an obsidian rock, which seems to rest on the granite: 
above this there is a gray layer; then a light-colored trachyte; and 
the summit of the hill is capped with a quartzitic·looking layer, the 
weathered surfaces of which are bright crimson: from a distance this 
color is very noticeable. There is a similar spot at the head of a small 
creek rising southeast of Grizzly Mountain. This was visited by 1\fr. 
Taggart, who reported as follows: "In Red Rock Pass we have first 
the quartzit1c layer, the clebris of which is bright.red, and from which the 
pass takes its name. Above this, as we pass eastward along the ridge, 
we meet with varieties of trachyte. Over the first point, lying appar
ently on the surface, there is granite and mica schist; next trachyte, 
and again mica schist, baving an easterly. dip, and an inclination of . 
about 30°. Then we have more volcanic rock, followed by aeoarse con
glometitic layer, somewhat like the quartzitic layer first mentioned. It 
contains pebbles of quartz. This continues for some distance, and is 
succeeded by a green schist, ( chloritic ~) Above this there is trachyte 
again. Finally, we meet with a fine-grained granitic rock which con
tinues for quite a distance, alternating with a volcanic breccia, above 
which we have an obsidian rock, which is porphyritic." At the head of 
the other branch we :find granites and schists, having a dip a little north 
of east. The schists are dark and micaceous, with seams of quartz. The 
bedding is quite distinct in places, inclining at an angle of. 40o to 50°. 
In the smoothed rocks at the head of the canon, we have abundant evi
dence of glacial action. 

On the north side of the creek, high up on the ridge separating it from 
the one next to the north, on which Mr. Taggart reported, there is a 
capping of trachyte in columns. The rock is of a reddish color, and 
at one point seems to have included a portion of a bed of gneiss, as 
shown at b, in Fig.-, Plate XIII, a a, being the trachyte. Grizzly Peak, 
which was visited and ascended by several members of the party, was 
also found to be volcanic. 

'.rhe figure in Plate XIV represents a block of volcanic breccia from 
this peak. I was unable to follow the line of the eruptive rock so as to 
define it accurately. In going up the creek, about a · mile and a half 
above the mouth of the North Fork, we first meet with it crossing the 
creek in a direction south of east. The western line has a direction of 
about north 25o west, and south 25o east; on the north side it curves 
more to the westward, while I think that not very far southward the 
western line joins the eastern. The North Fork probably .flows partly 
along the line of juncture, between the volcanic on the west and the 
gneiss on the east. The extent of the outflow will have to be deter
mined by closer investigation in the future; I do not think that it ex-

16 G S 
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tends very far to the north of Grizzly Peak. On lVIa.ssive Mountain the 
rocks are mainly gneissic, with alternations of a porphyritic granite, or 
rather granitic porphyry, with seams in places of quartzite and a horn
blendic volcanic rock. The general dip seems to be toward the north
east. To the southwest of the peak the dip seems to be toward the north 
and northwest. At the head of Roaring Fork, opposite the head of the 
Gunnison, the dip is to the northwest, and the angle of inclination about 
50°. Between the two there is a continuation of the eruptive rock of Griz
zly Peak, but to what extent I am unable to say.. The gneiss is mostly 
dark and micaceous, with alternating beds of coarse white granite, in 
layers from four to eight feet in thickness. The country all about is very 
rough and rugged, making traveling very difficult. 

Between the head of the Arkansas and the head of Eagle River there 
is a low pass-Tennessee Pass-the elevation of which is 10,242 feet. 
The upper part of the river flows through granitic rocks, in which there 
are occasional dikes of volcanic rock. The river flows through a canon 
for about three miles, when it emerges into a broad, open valley about 
four miles in length anq three wide. Here the sedimentary beds again 
make their appearance; dipping a little north of east at an angle of 50 to 
10° Resting on the gneiss there are quartzites about 200 feet in thick
ness, above which there are limestones, succeeded by shales and brown
ish sandstones. Mr. Holmes obtained some fossils here-Spirifer, Pro
ductus, 01·inoids, &c. On the western side of the creek we have the lower 
quartzites capping the granites-the continuation of the same beds on 
the eastern side of the valley. At the head of the valley a large branch 
comes in from the east. Toward the head of this creek there seems to 
be a slight change in the dip. The beds which before were horizontal, 
or nearly so, and having a dip on the main stream to the eastward or 
northeast, riow are slightly inclined to the westward, influenced proba
bly by the Blue River range. On the west edge of that range I am in
clined to think there is a fault, the continuation of one of the faults west 
of Mount Lincoln. I hope to be able to study this region more closely 
next season, so that it may be determined. .. 

Just below the meadow, the creek enters a canon, and the line of the 
sedimentary beds crosses the creek. The trail here leaves the branch 
coming from Tennessee Pass, and crosses to a large branch coming from 
the west. For about four miles of its course, it is parallel to the other 
stream, and on the low ridge between them capping the schists there is 
a layer of quartzite, and on the east side of the canon of the main 
branch we have all the layers from the Silurian upward at least to the 
Upper Carboniferous. At the mouth of the Western Fork, a high hilt 
stands between it and the other fork, capped with the Silurian quartz
ites. Here the main river enters a deep and rough inaccessible canon. 
The trail keeps high up on the hills overlooking it. Sedimentary beds 
are shown on both sides. On the west are only the quartzites which I 
have referred to-the Potsdam group. On the eastern side, however, 

· we have beds at least as far as the Permian, and if we could have gone 
far enough to the eastward I am satisfied I would have found the Triassic 
sandstones on top, and perhaps even the Jurassic layers. Mr. Holmes 
says that farther north, on Eagle River, not only is the Jurassic present, 
but also the Cretaceous. This was west of Mr. Marvine's district, and 
will be the subject of future investigation. The creek rising just north 
and west of the Holy Cross Mountain, and flowing to the northeast into 
Eagle Hjver, was once the seat of. intense glacial action, and the valley 
now presents us with the most beautiful example of _what is on the Alps 
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known as Roches mo1ttonnes that is perhaps to be seen anywhere in this 
country. ~ These Roches moutonnesare immense rounded masses of rock 
scattered through- the valley, and from a distance look like a large 
flock _of recumbent sheep. These rocks have all been polished by the 
glacier. _ In this valley are also groovings and striations; these strioo and 
grooves have the same direction as the valley. ! 

On the eastern side of the valley of Eagle River we hetve high bluffs, 
from which I made the following section : 

Section No. 22. 

In ascending order : 
1. Gneiss. 
2. White quartzite. 
3. Fine-grained, rather compact sandstone in laminoo, having greenish 

grains, (glauconitic~) 10 feet. ·tl#!'~---'-··· ·,"' 
4. Sandstones somewhat like those of No.3, but grayish-brown in color; 

the laminoo have a greenish coating on which there are mud-
marks; 98 feet 6 i:nches. · 

5. Space probably filled with sandstone, 22 feet 8 inches. 
6. White quartzite, like No.2, 4 feet 9 inches. 
7. Space, in the upper portion of which there is an outcrop of a met

amorphosed conglomerate, seemingly made up of pieces of white 
quartzite and brown sandstone. The masses are irregularly 

·shaped. The lower part of the space is probably·filled with sand-
st_one ; 68 feet 4 inches. 

8. Light-bluish limestones, weathering on the surface white and yel
low, non-fossiliferous . . It is in bands of from 3 to 8 inches, and has 
a cross-fracture. At the top it is crystalline. Part of the lime
stone is probably magnesian; 219 feet 6 inches. 

9. Very hard black flinty limestone, with fragments of fossils and pieces 
of pyrite, 273 feet 9 inches. 

10. Space probably filled with limestone, 1,400 feet. 
11. Laminated volcaniG rock, 15 feet. 
12. Blue limestone with fossils ; could not define limits above. 
13. Spaee, lower part of which-is probably filled with a continuation ot 

limestones of No. 12, and the -upper part with gray micaceous 
sandstones and shales, 408 feet 2 inches. 

14. Greenish-gray micaceous sandstones, conglomeritic in places, 352 feet. 
15. White granular sandstone, with brown spots, 8 feet. 
16. Brownish sandstone, 99 feet 8 inches. 
17. Red sandstone, 11 feet 4 inches. 
18. Soft greenish sandstone in fine layers, with a few hard bands each 

a few inches in thickness, 99 feet 3 inches. 
19. Coarse white sandstone, with grains of quartz; becomes finer 

grained above, 71 feet 3 inches. 
20. Red sandstone, 57 feet. 

The fossils in No. 9 are very indistinct, some rese.mbling Spiriter or • 
Spiriferina; the layer is probably Carboniferous. In No.12, I found the 
following, identified by Professor Meek : Aviculopecten, Pleurophorus, 
and Avicula or Balcevellia; these indicate Carboniferous age for the layer. 

The section above (No.22) was made north of Roches moutonnes Creek, 
and could not be continued farther because the bluffs became perpen
dicular. Section No. 23 was made below the mouth of Roches mou-. 
tonnes Creek, and C?mpletes section 22. · 
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Sect·ion No. 23 . 
.Ascending order: 

1. Light-red conglomerate sandstone alternating with fine-grained 
sandstone shales. The latter have a greenish tinge, and are mi
caceous, and are from a foot to 2 feet jn thickness. The conglom
erate beds are about 2-2- feet thick. The upper beds of shales are 
darker in color and break into thin lamina, w bile the conglomerate 
becomes lighter-colored; while in the middle- they are dark-red. 
Near the top there is a layer of green shales about 8 feet in t,bick
ness ; 231 feet. 

2. Silvery-gray micaceous sandstone shales, breaking into thin !ami
me, 1 foot. 

3. Coarse white sandstone, with grains of quartz and Rome decomposed 
feldspar. 'Ibis layer is the same as No. 19 in section 22; 3 feet. 

4. Fine-grained sandstone-white; becoming pink in places, with two 
or three layers of gray micaceous shale, from two to four inches 
thicknesR each, 4 feet. 

5. Brownish-red sandstone, somewhat conglomeritic in places, 30 feet, 
10 inches. . 

6. Dark-red micaceous shaly sandstones, 6 feet 8 inches. 
7. Red conglomeritic sandstone, 38 feet 8 incltes. 
8. White conglomeritic sandstone, 5 feet. 
9. Coarse white sandstone. Near the top there is a band of very bard 

fine-grained red sandstone. .All the beds seem to be micaceous; 
more marked between the layers ; 40 feet. 

10. vVhite and greenh;h-gray conglomerates and shales. First we have 
conglomerate and then green micaceous shales, with black car
bonaceous layers; then conglomeritic layers, above which we have 
about 15 feet of hard sandstone, with interlaminated shales that 
are soft; then 5 feet of gray compact micaceous sandstone. Next 
there are very soft greenish-gray micaceous shales for about 10 
feet, followed by from 10 to 12 feet of alternate beds of shale and 
sandstone, (some of the latter conglomeritic,) varying from 2 to 4 
feet in thickness. Above these we have fiFst conglomerates, then 
shales, and last of all, conglomerates; 51.1 feet 7 inches. 

11. Coarse-grained gray sandstone, _very hard, with greenish spots, 4 
feet. 

12. Fine-grained reddish-brown sandstone, 27 feet 4 inches. 
13. Coarse grayish sandstone, with interlaminated shales near the top ; 

· there is a layer of reel sandstone, above which there is a con
glomerate layer; 25 feet 1 inch. 

14. Sandstone conglomerate below, with pebbles of quartz, 2 inches 
in diameter. This bed is the base of a bluff, and is about 10 feet 
thick. Above there are alternate beds of shale and coarse sand
stone. On top of all there is greenish micaceous sandstone; 252 
feet. 

15. Sandstone and shales, 251 feet 7 inches . 
. 16. Sandstone conglomerate, 5 feet. 
17. Shales, 20 feet. 
18. Coarse sandstone and fine micaceous shales, 86 feet 10 inches. 
19. Conglomeritic sandstone, 3 feet 9 inches. · · 
20. Blackish micaceous shales, 3 feet 9 inches. 
21. Light gray shales, with hard sandstone bands, 3 feet 9 inches. 
22. Conglomerate and gray shales, 92 feet 9 inches. 
23. Pink conglomeritic sandstones, 37 feet 5 inches. 
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24. Coarse white conglomerate, 27 feet 3 inches. 
25. Greenish-gray micaceous sandstone shale, with bard sandstone bands; 

45 feet 11 inches. 
26. Very hard blue limestone, irregular in structure; brown on weathered 

surfaces. This limestone bas the same character as the limestone 
in the shaly sandstone in section No. 10; 10 feet. 

27. Coarse gray sandstones with shales, 145 feet. 
28. Massive sandstones of a greenish tinge. :Mostly fine-grained and 

micaceous. Some beds are pebbly, and near the bottom there is 
from 6 to 8 feet of black shale with carbonaceous material. The 
upper part of the bluff on which these exposures are is conglom
eritic, where the color is darker than below; 205 feet 10 inches . 

. 29. Rather coarse gray sandstones in these beds, weathering of a rusty 
color, fossiliferous; 342 feet 4 incb~Js. 

30. Space reaching to the summit of the bill, and filled, in all probabil
ity, with sandstones; 500 feet. 

All the beds in this section have a dip toward the northeast, the 
angle of inclination varying from 100 to 25o. As we go down Eagle 
River, we find that the beds above gradually make their appearance, 
.and that the dip becomes more and more toward the north, until the 
beds curve around tbe.end of the range of which the mountain of the 
Holy Cross is the last high point. Going eastward from the mouth of 
Roche 1\foutonnes Creek the dip gradually decreases toward the Blue 
River range, where there is, as I already mentioned, no doubt a fault 
There is also, I think, a very small synclinal fold between Eagle River 
and the Blue River range. 

In bed No. 29 of section No. 22 I found fossils which were submitt.ed 
to Professor Lesquereux, who has found the following species: Calamites 
Suckovii, Brgt., Calamites gigas, Brgt., Stigmaria fucoides: of the first he 
.says: "This species is perhaps more abundant in the coal-measures; but 
it ascends to the base of the Permian, where, in Europe at least, it has 
been found in plenty." The same species, howe\er, was associated with 
Calamites gigas, whi!:lh, Professor Lesquereux says, is exclusively Permian, 
or has ·as yet never been found in the Carboniferous measures. Of 
Stigmariajucoides he says: HIt is a universal speciesofthecoal-measures, 
.also ascending, rarely however, to the Permian. I am inclined to con
sider it as Permian merely by the lithological relations to the other 
specimens, but it is not possible to decide positively from this." The 
latter specimens were found somewhat lower (a few feet) than the other 
specimens. The layer in which these specimens were found probably 
lies near the line between the Carboniferous and Permian formations. 
All below probably belongs to the Carboniferous. Two things are 
especially noticeable here, namely, the small amount of limestone when 

· compared with the section made at Horseshoe, (section No. 18,) and 
again the presence of so much carbonaceous material in the shales and 
sandstones. We have seen in the section above that there are numer
ous black shaly layers, but besides there are also in the sandstones at 
various places patches of black carbonaceous material. When these 
layers were being·. deposited there must have been low, marshy ground 
bordering this part of the Sawatch range. This range must therefore 
have been partly above water, or at least not very far below the surface. 
There may have been oscillations of the surface. ' 

The sandstones at the upper portion of the bluff, those in the latter 
part of the section, are very much like those below the first fault on Four
Mile Creek, (No. 24 of section No. 18.) I think they are of the same age . 
. Another season we may study these beds again, and above them I hope 
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to discover the limestones and interlaminated red shales that we found 
east of Fair Play, (No. 18 to 51 in section No.9.) 

The Sawatch range is, therefore, probably a true anticlinal axis, the 
sedimentary beds on the east side, where the Arkansas Va11ey now is,. 
having been removed and carried down the Arkansas to help in form
ing the plains. The J:>eds spoken of in the last chapter as being faulted 
in the range on the wes(; side of the park, are the remnants of these 
bed~ that once extended uninterruptedly to the Sa,watch range, form
ing the eastern side of the anticlinal. We have seen that the range 
dies out both toward the north and toward the south, its highest por
tion being just opposite the park. Not only is the evidence of the 
anticlinal shown at the northern end, but also on the south, as will be 
seen in Dr. Endlich's report. The western side will be treated of in the 
next chapter. The elevation of the park range, in which l\1ount Lin
coln and Buffalo Peaks are situated, probably took place in the Creta
ceous or early in the Eocene times. It is probable, also, that at the 
same time the main range west of the Arkansas attained its greatest 
elevation. It was doubtless above water before this, the sedimentary 
beds dipping slightly from it toward the eastward. This may have re
sulted from a more gradual action, while the later elevation was due in 
part, at least, to Yolcanic action. Crossing the range at the head of 
Lake Creek, we descend on the west side to the waters of the Gunnison 
River, which at this point flows through a meadow-like park called Tay
lor Park. This park is bounded on the west by gneissic rocks. The 
basis of the park is also granitic and gneissic, but it is for the most part 
covered with drift, probably all of glacial origin. All 'the creeks com
ing into the Gunnison from the east, rising on the western slope of the 
Sawatch range, in the park, present evidence of glacial action. On 
Texas Creek, the second creek from the lower end of the park, there are 
well-marked lateral moraines, reaching from the edge of the mountains 
almost to the main river and gradually decreasing in height. · Almost 
all the curves of these moraines correspond with those of the streams 
upon which they are found. In the limited time which I bad I found 
no evidence of terminal moraines. The main portion of the park lies 
on the east side of the Gunnison River, which keeps close along the edge 
of compar~tively low granite or gneissic hills. SeveraJ outcrops of 
granite are found throughout the park, but they are mostly covered 
either with the glacial drift, or, close to the streams, by alluvium. The 
park has its greatest width at the southern portion, w:here it is about 
six miles wide. At the northern end, on some of the branches coming 
in from the northeast, volcanic material is seen, which is probably con
nected with that on Grizzly Peak and that in the pass at the head of 
Lake Creek. At the southwest corner of the park the Gunnison enters. 
a canon in the gTanites. Dr. Endlich went through this canon, and for 
an account of it I refer to his report. East of the canon and south of 
Taylor Park, from which it is separated by a low ridge of granitic hills, 
is a smaller park called Union Park. Here we found some men work
ing in the drift on the branches of a small creek and getting out a lit
tle gold. The two principal gulches are named Cotton and Lotus 
Gulches. Placer-mining was carried on here and in Taylor Park in 
1860, but it was broken up by the Indians. Both Taylor and Union 
Parks are partially timbered, and iu the valleys of the streams we have 
a growth of sage-brush, (artemisia.) The remaindE'r of our district, in
cluding the Elk Mountains and the head-waters of Hoaring Fork, I will 
reserve for the next chapter. 
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CHAPTER IV. 

GUNNISON RIVER-ELK lVIOUNT.AINS-ROARING FORK. 

J .. eaving Taylor Park, we followed to its source one of the western· 
branches of the Gunnison, which for the greater part of its course flows 
through gneissic rocks of the same character that we saw on the west. 
bide of the Gunnison, and of which they are really the continuation. 
The course of the stream is about northeast. :ij' ear the bead of the 
creek we found the first sedimentary beds we saw west of the Sawatch 
range, in an outcrop of blue limestone containing Zaphrentis and Spirijer. 
The layer ~n which the fossils occur is very dark in color, and has above 
it lighter-colored layers that are non-fossiliferous. The st.rike of these 
beds is north and south, and they incline about 10° to the west. As 
we follow them southward, the strike gradually turns toward the west
ward. A few miles south of this outcrop, between the Gunnison and 
the east branch of Taylor River, I ascended a high point, which I found 
capped with the same limestone. I named it the Triangle, from the 
shape of this capping, which was triangular. It seemed to be the center 
of these ridges, one running toward the west, one toward the north, and 
the third toward the south. Its height is 12,830 feet above sea-level. 
Beneath the limestones are quartzites, probably Silurian. The northern 
side of the hill heads a small creek that joins the east branch of Taylor's 
Creek just abo\e a deep gorge. The course of this sma11 creek is at first 
toward the north, and then west. It rises in an amphitheater, recalling 
the form of Horseshoe Mountain. The dip here was toward the north
west, there being a sharp turn to the west in the strike, which on the 
ridge to the north is almost north and south. As we follow th.e ridge to 
the west, however, the strike turns still more until its direction is north 
of west. Toward the south, however, the dip is toward the southwest, 
and on the next high point, about a mile south of the Triangle, on the 
northern part, it is toward the northeast. . Between these points, there
fore, there is a fold. The more southern point was visited by Dr. End
lich, and I learn from him that the summit is granitic, and that the beds 
dip away from it in all directions. I think that the cause of this folding 
is to be referred to eruptive agencies, the evidence of which is to be seen 
in the dikes that we find to the westward, and which will be referred to 
presently. Before this disturbing element was present the general dip 
was probably to the westward. The east branch of Taylor Creek cuts 
its way at right angles to the strike across the strata that continue west 
from the Triangle, and flows through a narrow rocky gorge, in which I 
made the following section from north to south : 

1. Volcanic. 
2. Limestone. 
3. Quartzite. 
4. Volcanic. 
5. Sandstone and conglomerate. 
6. Limestone. 
The first layers are very indistinct, but enough is seen to show that 

the dip is toward the northeast in Nos. 2 and 3. The first layer is a 
dark-green porphyritic rock, probably trachytic. Nos.2 and 3 are prob
ably Silurian, and are the direct prolongation of some of the lower lay
ers seen on the Triangle. vVe see that the dip has changed. Layer No. 
4 .is a highly siliceous rock (Rhyolite?) and is in.laminre wbieh ineline 
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toward the southwest. There are included fragments of limestone and 
quartzite noticed in some places. The last bed of limestone has a dip 
to the southwest and inclines at an angle of 65°. About two miles 
farther down the river, at the mouth of Dead :Dtian's Gulch, the dip is 
again north, or a few degrees west of north. At the bead of Dead 
Man's Gulch, and between Taylor River and Uement Creek, are two 
points, stations 72 and 73, which we ascended from the Yalley of East 
River. On the ridge running southwest from Station 72, which is the 
most western of the two, the first rocks met with were sandstones 
dipping north 750 west, beneath which was a bed of limestone dipping in 
the same direction 31t an angle of from 50 to 10°. vVe next passed over a 
saddle, beyond which are irregular structured pink and white mottled 
limestone, containing fragments of fossils like those ·we found in the 
Silurian layers in Glen Eyrie, east of the foot-bills. Indeed, the beds bear 
a very close resemblance to them, and I ha\e but little doubt that they 
are of the same age. The dip here is north 55° west, at an angle of 
from 5° to 100. Below the beds just given are quartzites which rest on 
reddish granites. On the station itself we have limestones and quartz
ites., in too much confusion, however, to make a very complete section. 
The lowest exposure is a coarse quartzite, abote which is a band of very 
black limestone, fl inty and containing pebbles. This is from 3 to 4 feet 
thick. Next is a light yellowish limestone, followed by a brownish-gray 
limestone, above which we find dark-blue limestone. The dip on the 
western side is toward the northwest. This changes toward the north 
until it becomes northeast: the angle is 10°. There is also a change to 
the south and southeast, where we find the dip to be south and south
west, and the angle 25o. The station has a broad top, and is 11,862 feet 
above the sea-level. · On the ridge, between stations 72 and 73, the dip 
of the beds is east of north, and the angle 15° to 200. vVe have here 
about 60·feet of white limestone and then about 40 feet of reddish quartz
itic sandstone. These beds, 1 think, belong immediately below those 
seen on station 72 and above th.ose seen on the ridge we ascended. 

At Station 73 we have the following beds: 
1. Irregular spotted limestone; general color, gray. The lower portion 

is very compact, and fulJ1)f purple spots. It contains, also, on the 
weathered surfaces, fragments of crinoidal stems and corals. The 
thickness I estimated at about 20 feet. 

2. Soft white-purple spotted sandstone, about 8 or 10 feet in thickness. 
3. Light-gray limestone; very compact, especially above, where it is also 

somewhat laminated; and on the surface, weathers red. Its thick
ness is from 30 to 40 feet. 

4. Irregular gray limestone, with large flint nodules and pebbles. This 
is at the upper part of the bed; could not get at the lower part, 
which is probably like that I have referred to above on the first 
ridge we ascended; could not give the thickness. 

5. Quartzites and sandstone; thickness not estimate(l. 
6. Mica schist; below this bed we have rose-colored granites. 

These are the extension of thB granites in the canon of the Gunnison 
River, and they reacl.( to the westward and southwest toward East River 
to a line of trachyte rock. Along the creek heading under Station 
73 and flowing into East River, there were several exposures showing 
the bedding of the granite very distinctly. The dip was about north 750 
west, at an angle of from 550 to 600. :From the station we could over
look the canon of Taylor River, which seems to be very rugged and cut 
through the granites. From Station 93 the line of outcrop of the 
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sedimentary beds curves in toward the north ward, and then back toward 
the south, and crossing Taylor River turns gradually toward the north 
around the granite point just south of the Triangle. The general dip 
seems to be north and north west. This entire region is one of great 
interest, and to be worked up in detail will require some time. I can 
hope to give only the most prominent features. 

Below the mouth of Cement Creek, East River flows through a beauti
ful broad valley, in which it bas cut well-defined terr~ces in the drift. 
On the south side, some distance back from the river, are two mount
ains, with mesa--like summits. They were not visited, but they are un
doubtedly capped with trachyte, as is a high hill on the north side, 
which was ascended by lVIr: Taggart. It is composed of a light purplish 
trachyte. This rock extends to the eastward and southeastward, and 
is probabl~y continuous into Dr. Endlich's district. Above Cement Creek 
the river flows through a broad open valley, on either side of which 
the Cretaceous formations are exposed. I will refer to this valley again 
further on. Leaving the valley of East River we proceeded up Cement 
Creek, which, near the mouth, is in a canon. The first exposure of 
sedimentary rocks is on the west side, near the mouth of the canon. 
Here are white and rusty sandstones, dipping about south 65° west, 
inclination J5o. These sandstones probably belong to the Cretaceous 
No.1. Farther up the creek we meet with dark and rusty-colored lime
stones, which I think are unconformable to the sandstones near the 
mouth, and belong to a lower horizon. They will have to be traced to 
the westward before their exact relation can be determined. The dip 
here is about north 45° west. Farther up stream, below these lime
stones, are beds of quartzite, which rest immediately on the granite. 
They are probably Potsdam. The dip gradually changes, and about 
three-quarters of a mile up the canon it is north 5° west, angle 10°. 
The course of the creek here is south of west. The canon for about two 
miles has a comparatively wide valley, reaching to the base of cliffs 
on either side. Above this point the canon narrows, and the trail has 
to make a w:i'de detour. Just at the point where the creek enters this 
canon the sedimentary beds cross almost at right angles to the course 
of t.he stream. The dip here is about north 150 east, angle 20°. Above 
this point the creek flows through a beautiful grassy valley, in which . 
all the beds are covered until we have gone about a mile and a half up 
stream, when \ve come to beds of conglomerate wit.h a red matrix con
t~ining pebbles .of limestone and granite. These seem to be somewhere 
near the line between the Carboniferous and the Triassic (?) formations. 
Above it are red sandstones. The dip of these beds is, toward the 
northeast angle, 100 to 15o. Leaving Cement Creek at this point, we 
crossed to Deadman's Gulch, striking one of the northern branches, 
down which we proceeded until we reached a fork coming in from the 
north. At the head of this the red-beds are tipped up, and dip about 
south 350 west, at an angle· of 25o. This change in the dip seems to 
have been caused· by the upheaval of a high point to the .eastward, 
which I took to be volcanic, judging from the debris in th_e creek heading 
under it. I was unable to visit it for want of time. Following up the 
main Taylor Creek we find that the layers we saw crossing the· east 
branch of the creek still continue, the strike being toward the north
west. One of the dikes (Layer No.4 in the section) is very prominent. 
Whether the other continues or not I could not determine. A .. t the 
head of the creek there is some confusion in the beds. On the west 
side of the creek are high bluffs of limestone, on _top of which there 
is a conglomerate sandstone. Below these beds, near the creek, is a 
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series of limestone -shales. The~e beds on top of the bluff dip toward 
the northeast at an angle of 600 to 650, Following the ridge to the north 
we find that a red feldspathic granite makes its appearance, and on a 
high rounded hill on the east side of the ·amphitheater at the head of 
the creek, resting on the granite, is a bed of white quartzite, above 
which are bluish and yellow limestones. These beds, I take it, are 
Silurian. At the southwest side of the hill the dip is ,toward the south
west. This gradually c~anges to the west, and finally to the northwest 
as we go towarCI. the northern end of the hill, where the angle of inclina
tion is 25°. Between these beds and those referred to above as appear
ing in the cliffs farther down the creek, there seems to be a break.. In 
the amphitheater are beds of blue limestone with shales, all dipping 
toward the southwest; but when we ascend the ridge on the northern 
side we find limestones, black shales, and sandstones, followed by thick 
beds of limestone, all dipping to the northeast. vVhen we ascend 
Italian :1\'Iountain the confusion of these beds is explained. The mount
ain is named from the colors it shows at a distance, red, white, and 
green, the Italian national colors. The white is due to the granite, of 
which the peak is mainly composed; the red is seen on the weathered 
surface of included beds of quartzite, and the green is seen in the 
grassy slopes on the eastern side of the mountain. Its elevation is 
13,255 feet. 

The peak is made up in part of a light-gray granite, which I consider 
to be eruption, and rusty quartzites very much metamorphosed. These 
quartzites in places stand on end, and in others dip southwest and north
east, at angles from soo to 85o. Between some· of the beds are long 
narrow seams of the granite. This is beautifully shown in the accom
panying illustration made by l\1r. Holmes, Fig. 

This shows, also, how the quartzite has been broken up by the gran
ite. The illustration shows the northern face of the peak.. On the west 
side there is a fault of about 400 feet in the quartzite. This fault ex
tends to the northwest, and I shall refer to it agatn. Extending from 
the peak toward the southeast is a line of. eruptive grooite gradually 
thinning out. Close to Italian Mountain is a high point at the com
mencement of a ridge, which forms the western side of the amphithea
ter heading Taylor Creek. Italian is the most eastern high peak in the 
Elk Mountains. The name Elk Mountains is applied to the mass of 
mountains between the Gunnison River and the waters ·of the R'Oaring 
Fork of Grand River. ·The trend of the range, at first, is almost at 
rig~t angles to the trend of the Sa watch range. Afterward, however, 'it 
turns to the north west. The nucleus of the range is composed of erup
tive granite, of which that on Italian Mountain is a part. The general 
trend of this granite, which shows itself in three island-like patches, 
entirely isolated from each other, is northwest and southeast. This is 
also indicated by the courses of the _principal streams. The course of 
Roaring Fork and its branches is toward the northwest, .while East 
River flows to the southeast, its course being parallel to that of Roar
ing Fork, although it flows in exactly the opposite direction. 

To the north of Italian Peak, between it and the divide between the 
Gunnison and Roaring Fork, there are remnants of the sedimentary beds. 
To the west we have a grand view from the summit. The island of erup
tion is distinctly shown, the white or light-gray colorof the granite be
ing contrasted with the dark colors of the older stratified rocks, above 
which are the bright-red sandstones of Triassic age, and resting on them, 
in a few isolated places, patches of lighter-colored beds that are of 
Jurassic and Cretaceous age. The sedimentary beds are beautifully 
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shown dipping away from the granite nucleus. They are lifted high up, 
and form some of the most prominent peaks in the range, the stratifi· 
cation of the rocks giving the mountains a peculiar architectural form. 
The pyramidal form is frequent. Southeast of the peak I made the fol
lowing section in ascending order: 

Section No. 24. 

1. From the pass at the head of a small western branch of Taylor River 
we have a space reaching about 400 feet up the bill, in which the 
beds are covered. Occasional outcrops indicate that this space is 
filled with red sandstones below, above which there are lime
stones, with interlaminated shales and conglomerates. Above 
we have as follows: 

2. Hard gray laminated sandstone, becoming coarse near the top; dip 
5oo; 50 feet. . 

3. Conglomerate; pebbles of blue limestc,ne and granite, from 1 to 4 
inches in diameter, in a coarse red sandy matrix, 3{) feet. 

4. Brownish red sandstone, 20 feet. 
5. Space probably filled with continuation of No. 4, 20 feet. 
6. Dark, compact, grayish-blue limestone, fossiliferous, with veins of cal

cite, becoming laminated, and somewhat laminated as we go up, 
12 feet. . " , 

7. Yellowish-gray standstone, becoming conglomeritic above, with peb
bles of limestone and granite. The dip here is about 40°; 4 feet. 

8. Coarse yellow sandstone, 5 feet. 
9. Fine yellowish sandstone, in laminffi of about k of an inch. The 

lower layers have a reddish tinge, while those above become more 
gray ; 3 feet. 

10. Sandstone shales; some of the layers are conglomeritic, with peb~ 
bles of limestone. Below they are gray, in the middle red, and 
above yellow ; 60 feet. 

11. Compact blue limestone, very dark and laminated below, lighter
colored above, and fossiliferous, 4 feet. 

12. Bluish· gray calcareous shales, 8 feet. 
13. Yellowish sandstones, somewhat shaly~ graduating toward the top 

into fine calcareous shales, 50 feet. 
14. Bluish calcareous shales, 3 feet. 
15. Snuff-colored sandstone, loose textured and porous, 4 feet. 
16. Bluish-gray calcareous shales, 25 feet. 
17. Blue laminated limestone, weathering light gray, 5 feet. 
18. Sandstone, weathering dark yellow, with interlaminated soft gray 

sandy shales, all calcareous, in layers from 1 to 2 feet thickness, 
50 feet. 

19. Coarse reddish yellow sandstone, followed by an alternation of sand-
stones and shales, 60 to 70 feet. 

20. Purplish-red sandstone, 5 feet. 
21. Reddish-yellow sandstone, 30 feet. 
22. Yellow sandstone, 10 feet. 
23. Reddish sandstone, 5 feet. 
24. Sandstones and shales, 30 feet. 
25. Space probably filled with sandstone, 70 feet. 
26. Blue laminated sandstone, 25 feet. 
27. Gray sandstone, 8 feet~ 
28. Coarse reddish sandstone, becoming gray toward the top, 65 feet. 
29. Blue fossiliferous limestone, 5 feet. --
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30. l\1icaceous sandstones and shales, general color gray and yellow1sn, 
greenish gray at top, 40 to 50 feet. 

31. Greenish-gray micaceous ·sandstones, all laminated and having a few 
thin beds of limestone near the top. They extend a distance of 
about a quarter of a mile, dipping at an angle of about 300 toward 
the northeast. 

32. Hard irregular black limestone, 10 feet. 
33. Ru:sty-brown quartzetic sandstone. 
34. Brown crystalline limestone. 

I was unable to get the thickness of these last two beds, as they were 
somewhat confused by the presence of the eruptive granite, which rises 
here toward the high point just south of Italian 1\Iountain. The 
quartzites seen on the peak evidently belong to this section, of which 
they are probably the lower portion, for the upper layers here are really 
the older or lower if the beds were in their proper position. There has 
been a complete inversion. The dip on the top of the ridge is about 
north 400 to 500 east. 

In bed No. 1 of the section No. 24, some distance below No. 2, in a 
red limestone, I found a specimen of Loxonemid. It was below the con
glomerates given in the upper part of the bed. It is probably Carbon
iferous. In layer No. 6 I found Productus muricatus, Spir-ifer, and other 
indistinct fossils. In No. 11 there was a profusion; among the speci
mens collected, Prof~ssor Meek has identified Productus rnuricatus, N. 
& P.; Athyris s~tbtilita, Hall; Rhynchonella osagensis, Swallow; Hemi
pronites crassus, M. &. H.; Tm·ebratula bovidens, and Retzia punctulijera. 
In No. 29 I' found some. fragments, among which Productus muricatus 
was identified. - · 

Descending to Cement Creek we again find conglomerates and red 
sandstones, dipping to the southwest, the angle being only a few de
grees, (5° to so.) As we go up creek this increases gradually until the 
beds are suddenly turned up and stand almost on end. ~Ir. Holmes 
tells me that beyond this point the beds dip to the northeast. There is 
therefore running across the creek her0 a line of fracturf\, the direction 
of which is north west and southeast. On the south sid~ of this line, 
w:hich is probably connected with the fault in the quartzites on Italian 
Mountain, fragments of the Cretaceous beds cap the hill. Some distance 
down the creek, as we have already seen, the dip is towa1~d the north
east, inclining from 60 to 150. Between the two points there must be 
a synclinal fold, the axis of which crosses Cement Creek with a direc
tion a little west of north. From Cement Creek we crossed to the head 
of a small branch .of Cascade ·Creel,r, the east branch of East River. 
This small creek rises on the broad divide, and has cut its way through 
the red sandstones~ which are capped here with lighter-colored beds, 
probably of Jurassic age. Below the red sandstones are thick beds of 
red conglomerates like those seen on Cement Creek. The dip is west, 
or perhaps, in some places, a few degrees south of west. For a short 
distance the creek flows through a grassy valley, that gradually deepens 
until it ends on -the edge of steep bluffs, over which the creek flows to 
join the main stream, which is about 600 feet lower down. From here 
we have an excellent view down the river. The canon walls of Cascade 
Creek are bright-red sandstones and conglomerates, in which, on the 
west side near the forks of the two streams, is a broad trachytic dike. 
(a bin Plate XV.) It is about 50 feet wide, and cros~es the creek. Hs 
direction is about south 65° west. The dip · of the beds seems to have 
been but little affected by the dike. As we go clown stream the dip 
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becomes more and more toward the south, and we pass over red sand
stones and conglomerates. The matrix of these conglomerates is a 
coarse red sand, in which are large pebbles of limestone. The angle of 
the dip to the southwest is 250, This is at a point about a mile below 
the forks. A number of beautiful falls and cascades diversify the 
course of the stream. Below these the dip changes, and it is toward 
the north and northeast. This corresponds exactly with what we saw 
on Oement Creek. Below, in all probability the Silurian layers may 
be discovered, although I did not have time enough here to identify 
them. 

About two miles below the forks a large creek comes in from the 
northwest. It rises under Castle Peak, and I will have occasion to refer 
to it again when I speak of the peak. From its mouth a broad open 
valley reaches almost, without interruption, to East River. Just above 
the mouth, on the ea~t side, in the bed of the creek, there is an outcrop 
of quartzite, below which are shales. On the west side, reaching up 
for 400 or 500 feet, are limestones, above which we find the red-beds. I 
cannot say with certainty of what age these beds are, but they are 
proba~ly Oarboniferous. A little less than a mile farther down the 
stream we find, on the west side, outcrops of Cretaceous rocks, consist
ing mainly of calcareous clay shales, with interlaminated limestones. 
In one of the upper layers I discovered fossils agreeing with those I 
found east of the mountains in bed No.2 of section No. 1. The bed has 
the same characteristics, including even the bituminous odor on fracture. 

Above we find from 25 to 30 feet of rough conglomeritic sandstone of 
a rusty yellow color; next are thick beds of laminated limestone. All 
these beds dip toward the northeast. Crowning the hill are red-beds. 
There is, l think, a fault running through here. Its direction is proba· 
bly northwest and southeast. It extends across Teocalli Creek also. 
Here, however, the beds are very much confused, seeming to have been 
crushed togetlier. Mr. Holmes has made a very excellent drawing of 
the appearance of the beds on the west side of TeocaHi Oreek in 
Plate XVI. The following section was made here, the letters being the 
same as those in tbe illustration: 

Section No. 25. 

\ 1. Conglomerate of large limestone pebbles in a red 1 Thickness not 
~ siliceous matrix. I accurately 

A 1 2. F'ine red sandstone shales, with bands containing \taken ; about 
l nodules. , ) 10 to 15 feet. 

B. { 3. Very hard, compact, dark and blue, almost black, limestone; 8 
in(~hes to 1 foot. 

\ 4. Purplish blue limestone; weatheripg, reddish on surfaces; l to 2 
I feet. 

0 ~ 5. Steel-gray quartzitic sandstone, 1 foot. 
I G. Soft light-gray calcareous sandstone, sbaly below, 10 feet. 
L 7. Red sandstone, fine grained, and somewha,t soft, 2 feet. 

D { 8. Gray sandstone, 3 feet. 
9. Soft gray sandstone shale, 2 feet. 

E 10. Oonglomerate, 6 feet. 
Below the beds given in this section we have as follows: 
Red sandstones, 10 feet. 
White sandstones, 15 feet. 
Red sandstone, 8 feet. 
Mottled sandstone shales, 10 feet. 
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The beds are very irregular in structure, and also in color. The same bed 
may be conglomeritic at one place, and then gradually become fine, while 
the color will shade from a deep red into white or gray. Not only are 
the beds crushed together, but they are also broken, as seen in the illus
tration. The line F G represents the fracture. As we go up Teocalli 
Creek the beds on the west side dip at first at a very small angle, not 
more than 5°, to the south or southwest. Farther up it is 450, and this 
soon increases to 80°. As we go west, along the ridge, we find that the 
beds are completely turned over past the vertical. Mr. Taggart was on 
the ritlge, and found Carboniferous fossils in beds that were inverted. 
On the east side of the creek is a high pyramidal mountain, (Teocalli,) 
which I ascended. Its height is 13,098 feet, and it rises over 3,000 feet 
above the bed of the creek. The stratification of the rocks composing it 
is almost horizontal, and tbey have weathered into curious forms. On 
the east and south is a series of enormous steps, while the north face 
presents castellated forms. The rocks are all very much metamorphosed, 
and are of a dark maroon-rt:d color. .At the base on the southern side 
.1\ir. Taggart found the following beds from below upward : 

1. Yellow conglomerate. 
2. Purplish limestone. 
3. Yellow limestone and purple shales. 
4. Purple shaly limestone. 
5. Compact brownish-red sandstone. 
&. Green cherty limestone. 
7. Purple sandstone. 
8. Sandstones. 
These beds all dip about north 450 east, at an angle of about 55o, He 

was unable to carry the section any higher, as the slopes were grassed 
over. The mountain stands on the southern edge of the eruptive island 
of which Italian Mountain is the most eastern high point. Here it is 
rather narrow ; but to the east, south of Castle Peak, it widens, as it also 
does around White Rock Mountain, to the northwest of which it again 
narrows and ends, the sedimentary beds not having been broken 
through. 

The following- section was made from the summit of Teocalli 1\.'Iountain 
in descending order : 

Section No. 26. 

1. Very fine textured laminated sandstone, generally of a maroon color, 
although grayish in some places. · They bave· been very much 
changed. Thickness about 350 feet. 

2. Yellowish metamorphosed sandstone, 50 feet. . 
3. Metamorphosed conglomerate gray matrix, with large purplish peb· 
· bles, 50 feet. 

4. Fine-grained sandstone streaked with lines and spots; general 9olor 
reddish maroon; about 50 feet. . 

5. Gray conglomerate, with interstratified purplish and gray sandstones, 
200 feet. 

6. Gray sandstone and conglomerate, 150 feet. 
7. Coarse-grained light gray sandstone, greenish in places, 6 to 8 feet. 
8. Sandstone conglomerate, 5 feet. 
9. Light-grayish brown sandstone, 50 feet. 

10. Coarse greenish variegated sandstone, 20 feet. 
11. Space probably filled with sandstones that are yellow, judgjng' from 

the debris}. 55 feet. 
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12. Yellowish-whit.e limestone. The upper part grades into a sandstone, 
and bas small crystals of pyrites. Below the bed bas an irregular 
cross-fr~cture, and is white on the weathered surfaces. 'rhickness 
about 20 feet. 

13. Rusty yellow quartzite with seams of eruptive rock running through 
it, which bas disturbed the beds ver,y much. The angle of the dip 
here is about 5oo, aud seems to be toward the east or north of east. 
Thickness is about 50 feet , 

14. Eruptive granite reaching to the creek, a distance of about 600 feet. 
11hese beds on Teocalli Mountain seem to have been broken off from 

those on the west side of the creek, and carried up past them. Crossing 
the ridge from Teocalli Creek to Dike Creek, coming from Castle Peak, 
we followed the stream up to the foot of the peak. At the foot of Teo
calli on the east side, there seems to be a dip to the west or southwest. 
This gradually changes to the south and southeast, toward the east. 
The exposures are all of reddish sandstones and coarse conglomerates. 
As we go up, the strike of the sedimentary beds crosses the creek and 
has a direction a little north of east, probably joining the line of out
crop of the beds northwest of Italian Mountain. After leaving this line 
the valley is underlaid by eruptive granite, and near the bead of the 
creek resting on this granite on the summits of the ridges on either side 
are the sedimentary formations, forming a semicircle around the head 
of the creek. At the bead of the amphitheater thus formed is Castle 
Peak, a high, black-looking peak, in shape somewhat resembling Teo
ca.Ui. It is not so regular, however, the outline being very rough and · 
ragged. It is on the north side of the eruptive island, and is composed 
mostly of sandstones that are very much changed and intersected with 
dikes. We ascended the mountain, but the weather was so stormy that 
I did not attempt to make any section. The summit is 13,930 feet above 
sea-level, and about 2,400 feet above the head of the creek. While 
on the top we were almost constantly surrounded by clouds, and it 
was only occasionally and for a very short time that we were able to see 
any of the surrounding country. From the peak eastward the general 
strike is a little south of east, with an irregular outline until we reach the 
head of the Gunnison River, when it turns to the north, and seemingly 
follows a branch of Roaring Fork, which. flows to the northward. On 
the summit is a very hard metamorphosed laminated· sandstone, gener
ally of a somber reddish-brown color, stteaked in places with green. 
Next below is a very handsome sandstone conglomerate, and then a 
yellowish sandstone, all metamorphosed. Below these we have an alter
nation of red sandstones and conglomerates until we reach the base of 
the mountain. The beds are all more or less changed and intersected 
by dikes, which sometimes cut across the strata, and again lie between 
different layers. The dip is nearly due north, and the ang1e of inclina
tion on the ridge below the summit is from 50 to 10°. It is difficult 
without closer study to determine with exactness to what age these 
rocks should be referred. I think it probable, however, at that the base 
we have the Potsdam sandstone or quartzite, and above the Silurian, 
the Carboniferous, and Permian rocks. Those on the summit are proba
ably Permian. Perhaps Permo-carboniferous would be the best term to 
apply to them. White Rock l\fountain is at the head of TeocaUi Creek. 
To the south the sedimentary beds are overturned, the strike being 
north west and southeast and the dip to the northeast. On the north 
the dip is to the north and northeast. To the west the sedimentary 
beds extend across the granite. There is, however, a break, although 
the granite does not appear through them. Before reaching this point 
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the beds that were turned over beyond the vertical have resumed their 
original position, and the ends have been dragged in, as shown in Fig. 
1, Plate XVIII, which represents a section made west of White Rock. 
The peak is made up of eruptive granite, and is 131671 feet high. Near 
the base I found micaceous hematite coating the surfaces of the granite 
debris in radiating crystals. The rock near the summit is Yery much 
broken up, rendering the ascent of the peak a little dangerous in places. 
North of the peak the summits of the ridges are capped with sediment
ary beds, dipping north and northeast. All the mountains in this mass 
have conspicuous amphitheaters, in which there are snow -banks aud 
small lakes, the latter generally frozen. Returning to the mouth of 
TeocaJli Creek, we find ourselves in the broad valley of East Hiver. 
East River flows through Cretaceous rocks. Below the mouth of Slate 
River, the largest western branch, are several beautiful terraces. 'rhe 
Cretaceous area extends southward into Dr. Endlich's district. Below 
the mouth of Slate River, on the west side of East River, beyond the 
va.Uey, the Cretaceous rocks are covered by an overflow of trachyte. 
As we come around from Teocalli Creek to East River, the most strik
ing points are ''Crested Butte" and "Gothic Butte," ·which stand be
tween East River and Slate River. They are both isolated, and rise 
considerably higher than the surrounding country. Both are sur
rounded with cretaceous shales. Crested Butte is the more southern of 
the two, and is 11,838 feet in height. It is composed of eruptive gran
ite, similar to that on Italian Mountain and WhiteRock. Between the 
two buttes there is an exposure of trachyte, which is probably continu
ous with a band that is seen in Gothic Butte. The latter is six miles 
from Crested Butte. It was visited by Doctor Hayden, and to his report the 
reader is referred for the details of its structure. The summit is trachytic. 
Whether this is only a capping or not I cannot say positively. I am 
inclined to think, however, that it is not merely a capping, but that its 
relation to -the surrounding beds is as shown in Fig. 1, Plate XVII, at a. 
Below the trachyte that is seen on the suiQ.mit are cretaceous shales on 
the side of the butte, and below a second layer of trachyt~. On the oppo
site side of the valley l\ir. Holmes found in the shales of No.2 Creta
ceous, a bed of trachytic rock. This extends for some miles. I think 
that this mass is intrusive, and is connected with the trachyte of the-

·butte. Mr. Holmes was unable to determine the line of junction 
between it and the beds above. I but little doubt that the shales just 
above will be found changed to a greater or less degree near the tra
chyte. I have before referred to the inversion of the beds on the north
east side of East River. These inverted beds are seen in Fig. -, Plate 
X VII, the Silurian being on top. The lower beds are all cretaceous. 
At the bead of a small branch of East River we have bluffs of these 
beds clipping to the northeast about north 550 east, at an angle of eoo 
to 25°. First are about 100 feet of very thinly laminated black shales~ 
non-fossiliferous. Next are yellowish sandstones and shales for about 
150 or 200 feet. In the lower part of these shales fragments of stems 
and leaves are found. I saw also some poor specimens of inocerarnus. 
Above we have black shales. How far they extend I. was unable t(} 
determine, the slope being grassed over. On another small creek, the 
one seen to the right of a hill, the first exposure is a bed of white lime
stone shown at ;; Plate XVII. Below, or rather above, as the beds, 
are inverted at the pointe, Mr. Holmes found fossils of No.3 Creta
ceoti.s. This bed of limestone is, therefore, probably the same white 
bed that is seen in the Cretaceous all along the foot-hills on the edge of 
the"plains. It is bed No. 1 in section No. 1, and No. 44 in section No. 
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3. Then there is a space reaching to the bed d, which seems to be filled 
entirely with black shales. At dis a bed of white sandstone, quartzitic 
in places. It is beyond doubt the No. 1 Cretaceous. Abov~ it 
are variegated shaly beds. The colors are very bright. They are 
green, purple, yellow, and white. They extend for 300 or 400 feet, and 
are succeeded by .red-beds which extend for nearly 1,000 feet, grading 
into maroon-colored beds, beyond which are yellow beds, probably rep
resenting the Silurian. Above No. 1 Uretaceous, therefore, is a com
plete series from the top of the Jurassic to the base of the Silurian. At g 

- the eruptive granite is seen. The illustration shows also how the beds 
farther along, at a, are in their natural position. On the other side of 
the valley, just above Crested Butte, the dip is northeast, and at this 
point, therefore, East River flows in the axis of a synclinal fold. At 
the base of Gothic Butte the dip is the same as on the opposite sirle of 
the valley, viz, toward the southwest. On Slate River the rocks are 
all Cretaceous, and there are some very fine terraces cut into these rocks. 
The general dip, I think, is to the northeast or east. I hope to be able 
to visit this region again in continuing the work westward, and to be 
able then to determine some points that are as yet somewhat indefinite. 
The Elk Mountain region is sufficient of itself to furnish several years' 
work. Slate River formed the western limit of our work for the season 
at this point, although more to the north we worked considerably farther 
to the westward. Fig. ·1, Plate XVIII, represents a section (partly 
ideal) through Gothic .l.Vlountain and across the granitic area west of 
White House 1\iountain. It is an interesting fact that the beds from b 
to care right side up, while a short distance down the river they are 
inverted, as seen in Plate XVII, and also on Rock Creek, as shown in 
:B,ig. 2, Plate XVIII. It is opposite Gothic Mountain that they are in 
the normal position. It is fair, then, to infer that the presence of Gothic 
Mountain has something to do with it. Either the force of upheaval of 
the latter counteracted the force of elevation of the main range, or the 
egress of the trachyte acted as a relief to the latter force. The two 
elevations were probably contemporaneous, at least in part. The erup
tion of Gothic 1\iountain must have occurred at the same time that the 
inversion of the beds, both below and above it, took place. At the same 
time the beds were compressed laterally, and the fold between c and d 
was formed. As we look down East River, from Bellevue :Mountain, 
we have a fine view of .these beds. They are so folded between c and d 
as· to form a semi-quaquaversal. As shown in the illustration, subse
quent erosion has broken the connection between the beds, and a little 
beyond the point where the section was made the granite is seen in the 
center. At e, on the north side of the granite area, the sedimentary 
beds are seen dipping toward the northeast. It is probable th~t the 
mass of granite shown atj and the trachyte forming Gothic Mountain 
are connected. It would be interesting if we could trace the trachyte 
down to that connection and learn whether or not there is a gradual 
transition into the granite. The Elk Mountains present many complex 
problems, and it will require years of close and arduous work to master 
all the geological details. Each stream, with all the numerous small 
branches, will have to be followed to the very source, and almost every 
ridge and prominent peak will have to be ascended before all the ob
scure points can be made clear. It is one of the most interesting regions 
in the entire extent of the Rocky 1\'IountainR. I am confident, however, 
the observations made during the season of 1873 are in the main cor
rect, and although much remains yet to be done, future observers will 
find but few errors in the work alread:y recorded. 

17 us· 
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Above Gothic Mountain; at the head of East River and on the same 
side of the stream, is Slate Mountain, which is so called from the fact that · 
it is largely composed of bluish and black slates, all of which belong to 
the Cretaceous 'formations. At the base of the mountain the quartzite 
of No.1 outcrops. These shales prevail toward the southwest beyond 
Slate River. Be1levue ~iountain, opposite Slate Mountain, at the head, 
of East River, is similar in its composition. 

From East River we crossed to the head of Rock Creek, which is one 
of the branches of Roaring Fork, which it joins below Sopris Peak. 

On Rock Ureek, as I have already intimated, and as is shown in Fig. 
2, Plate XVIII, the beds are again inverted on the east side. The in
vestigation of the beds on the west side of the creek had to be left to 
the explorations of the next season. 

The following section was made a few miles down the creek on the 
east side, and is in aHcending order: 

Section No. 2'7. 

1. Reaching from the bed of the creek up ·on the bill to the point a 
in Fig. 2, Plate XVIII, we have a space filled in with limestones 
and black shales. 

a. 2. Very hard calcareous black shales, breaking intq laminm of about 
! of an inch, 44 feet 7 inches. . ' 

3 . .Argillaceous sandstone, in places very sbaly, 89 feet 2 inches. 
4. White limestone, breaking into laminre of about! of an inch thick

ness, 6 feet. 
5. Black argillaceous shales, with inter laminated hands of hard sand

stone, 191 feet 3 inches. 
6. Space of which the upper part is probably filled with white sand

stone, and thfil lower part with alternate sandstones and black 
shales, 213 feet. 

7 . .Bluish shaly sandstone, weathering a rusty color, 8 feet. 
8. Rusty-colored calcareous sandstone, 15 feet 10 inches. 
9. Bluish calcareous sandstone, 4 feet. · 

b.10. Yellowish-white sandstone, containing impressions of leaves, 82 
feet 8 inches. . 

11. Shaly sandstones, with included hard bands. The lower beds 
are rusty-colored and the upper ones greenish; 45 feet 4 inches. 

12. Space, the bottom of which is probably filled with shales, gradu
ally giving place to limestone. At the top there is an outcrop 
of blue limestone, having near the upper part a band of green
ish shale ; 90 feet 3 inches. 

13. Yellowish sandstone, with bands of light blue limestone, 36 feet 
• 3 inches. · 

14. Space, in which, as indicated, there are coarse red and gray lam-
inated sandstones, 83 feet 10 inches. 

15 • . Coarse purplish conglomeritic sandstone, 12 feet. 
16. Rather fine variegated sandstone. 
17. Purplish conglomerate. 

c. 18. Space filled with alternations of conglomerates and fine shaly 
sandstones. The general color is a reddish-streaked and mot
tled with gray. On top there are some white beds, which, from 
a distance, I took to be limestones. 

I was unable to determine the exact thickness of the last beds in the 
section. .Above them, the.re is but little doubt that all the beds reach
ing through the Carboniferous to the base of the Silurian are present. 
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The dip is north 550 east. At the point a in the illustration (Fig. 2, 
Plate XVIII) the angle of inclination is 58o, and at b it is 350, Bed 
No. 10, in section No. 27, is the sandstone of" No.1 Cretaceous," and in it 
l\Ir. Holmes found some fragments of leaves, none, however, very dis
tinct, out sufficient with the lithological characters to identify the bed. 

· The layers just above should probably be referred to the Jurassic. Fig. 2, 
Plate XVIII, represents a section through the Elk Mountains, near 
the head of Rock Creek. Section No. 27 was made from a to c. 
Whether the line of junction is exactly as represented at d in the 
illustration cannot be definitely determined until the line shall have been 
followed throughout its entire extent. The granite probably makes its 

· appearance in places along this line. On the eastern branch of Rock Creek, 
(e in the figure,) which is in part of its course parallel to the main stream, 
the Carboniferous or Permo-carboniferous rocks are exposed at the bottom 
of the valley, and above them forming high bluff-like walls. On either 
side are red sandstones dipping north of east. Near its head the main 
branch of Rock Creek turns to the west, and at this point the dip of 
the rocks also changes. On the north and west side of the creek, in the 
space formed by this turn, is 'l'reasury 1\iountain, so named from the 
discovery there of lodes of silver-bearing galena. At the south end of 
the mountain the dip of the sedimentary beds is south 5° east, and the 
angle of inclination is about 120. As we follow the course of the creek 
the dip changes as the creek turns, and on the west side it is east of 
north. Treasury Mountain is composed mainly of cretaceous shales. 
Toward the west there are gypsiferous beds. At tbe point where the 
mines are situated, black shales containing quantities of Inocerami pre
vail. They are an very much changed, probably by the intrusion o( the 
metaliferous lodes. The latter are described in Dr. Endlich's report.* 
On the east side of the creek, opposite Treasury :Mountain, there 
seems to be either, a bend or a fault in the Cretaceous beds; the 
shales at one ·place appear to dip toward the northwest. I did not 
have time to investigate it, but I am inclined to regard it as merely 
local. As we go down the creek the beds on the right side still occupy 
an inverted position. Just below the mouth of the eastern branch of 
Rock Creek, it enters a deep canon. ·Here, below the cretaceous rocks, 
the older formations, at least as far as the Carboniferous, are exposed, 
as sho-wn at a in Fig. 3, Plate XVIII. Following the eastern branch we 
cross the No. 1 Cretaceous twice. The second time the bed is inverted, 
as ~bove it we find the older beds, which are beautifully shown on both 
sides of the deep gorge-like va1ley, ·dipping toward the northeast at an 
angle of from 500 to 600, 'l'here is, therefore, probably a fold as indi
cated in the illustration. · In the cretaceous rocks at b a dike outcrops. 
The creek, as it flows over the edges of the cretaceous rocks, does so in 
a series of beautiful cascades and falls. As we continue up creek the 
beds become more and more horizontal, until they dip slightly in the op
posite direction, and we have a synclinal fold, the center of which is 
filled with Silurian beds, for the layers are still inverted. The ends of 
these beds, c, seem to have been broken away from those which outcrop, 
in the canon at a. We next cross a comparatively narrow belt of gran-

* Mr. R. A. Kirker, who is interested in the mines here, showed me specimens of coal 
found in this region. He did not disclose the locality, and I did not· discover it. From 
his description of it, however, I judge it occurs in the Cretaceous rocks that prevail 
about the heads of Slate River, Washington Gulch, and East River. In appearance 
these specimens approach anthracite more closely than any other coal I have seen in 
the West; how closely, an analysis will have to prove. It bas a luster like anthracite, 
and is very hard. I think, however, that it is only an altered Cretaceous coal. I 
judge it to be of excellent quality. 
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ite, cl, similar to that of White Rock Mountain. Its direction as· it 
crosses the creek is northwest and southeast. It is the south extension 
of an island-like area of granite like that of White Rock and Italia. 

_ Snow-Mass ]_\~fountain and Capitol Peak are two of the princinal high 
points in this area. On the northeastern side of this belt (ate fn the 
illustration) the Silurian beds are seen resting on the granite, and above 
are the Carboniferous and Triassic formations. Here there is a turn in 
the course of the creek. Above the granite belt it follows the strike of 
the sedimentary reeks. It is this part of its course that is parallel to 
the main stream, from which it is separated by two ridges, c andf, Fig. 
2, Plate XVIII. The .first one, j, is composed mainly of red sandstones 
and conglomerates, probably of Permo-carboniferous age, or possibly in 
part Triassic. Section 27 was made on the western side of the second 
ridge, ( c in the illustration.) The creek rises in an am phi theater between 
Station E, or Maroon Mountain, and another high point of similar for
mation. On the eastern side of the valley is a high bluff-like wall com
posed of red sandstones and conglomerates, the latter prevailing toward 
the base of the cliff. The general dip is toward the northeast., at an 
angle of about 20°. There is also a slight curve on the face of the wall 
along the strike of the beds. As we go toward Maroon Mountain the 
bright red sandstones become darker. Maroon Mountain derives its name 
from the color of its rocks. "V e did not ascend it, but made a station on 
a high point a short distance south of it. Here the rocks are mostly 
sandstones and conglomerates, a thin bed of gray limestone now and then 
appearing toward the base of the station. Thesandstonesareintersected 
by numerous dikes, which are probably connected with the main mass 
of granite. This may account for the changes in color and structure that 
we notice in the sandstones. All the dikes are irregular. A prominent 
one intersects Maroon Moun~ain, and another the ridge that rises toward 
it. East of Maroon Mountain is a dike, which is probably the southern 
extension of the large dike seen east of Snow-Mass :Mountain, and to 
which I shall refer again. It is only near the base of Station 76 that 
we .find any limestone. On the summit the beds are brownish, becoming 
red as we go down. These beds are also, for the most part, .finer grained. 
In some places there are circular spots resembling sections of concretions. 
They are generally white or light yellow, and sometimes have a black 
central point. Near the base of the bill are also greenish shales. The 
beds exposed along the creek at the bottom of the canon are probably 
of Carboniferous age, while t,hose on the summit of the ridge should 
perhaps be referred to the Trias:;ic. On the southwest face of White 
House, or Snow-lVIass l\1ountain, a small branch of Rock Creek rises. 
It soon expands into a beautiful lake, to which the name of Elk Lake 
has been given. A short distance below the lake, the creek falls over 
the edges of the stratified rocks to the level of the main creek, a vertical 
distance of 1,102 feet. It falls over these rocks in two falls or cascades, 
the white foaming belt of water contrasting with the bright-red con
glomerates and sandstones. Snow Mass Peak is 13,785 feet in height, 
and is made up of a light-colored. granite, such as we saw on White 
Rock and on Italia. Southwest of the peak, at the head of the creek 
flowing into Elk Lake, there seems to be a dike in the granite. First 
is a band of very .fine-grained dark rock, with seams of white feldspar. 
It is about 100 feet in thickness, and its direction is about due north
west and southeast. Just below it is a band about 3 feet thick. of a 
green rock, the color of which is probably due to iron. This is prob
ably dioritic. Next to it is about 4 feet of the same rock that we saw first. 
It is foJiowed by about 50 feet of a porphyritic rock, with a green matrix 
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containing granitic pebbles, some of which are quite large. I have already · 
referred to the fact that Snow Mass Mountain and Capitol Peak are situ
ated in an erupti\e center that is distinct from the one in which White · 
Rock and Italia are included. The latter is more extensive and also more 
irregular in shape. The amphitheater, on the eastern face of Snow Mass, . 
contains an extensive snow-field, the largest I have ever seen on any peak 
in the Rocky Mountains. It is from this snow-field that the mountain was 
named. To the northeast of Snow l\fass, on the east side of Snow l\fass · 
Creek, is a high, bluff-like wall, which must be between 1,500 and 2,000 feet 
high. The most remarkable feature in this wall is an immense bed of 
eruptive rock, probably granite. At the base of the bluff, just above 
the bed of the creek, are exposures of beds that from a distance I 
judged to be Silurian. Fragments of these beds are also seen on the· 
opposite Ride of the creek resting on the granite. The dike is about 
600 or 800 feet in thickness, and bas just below it what I think are Car
boniferous beds, although on this point I cannot be certain, as they may 
be Triassic. Above the dike in some places isa capping of red sand
stone. This has been removed in other places by erosion. .As we go 
southeast along the ridge the dike diminishes in thickness. The dike 
I referred to as extending back of l\faroon Mountain is probably an ex
tension of this one. In the latter place, however, its dimensions are 
much smaller. To prove that they are the same the line would have to 
be followed. There are a great many of these dikes in the sedimentary 
beds dipping away from the granite. The large one just referred to, 
and shown in the illustration, is very easily explained. In the upheaval 
of the granite the sedimentary beds were of course broken through, 
and wherever there was no resistance the melted material intruded 
itself. The planes of stratification afforded points of weak resistance, 
and the beds were forced apart. Subsequent erosion, effected both by 
water and by ice, has carried away so much material that the connec
tion with the main mass has been cut across, and we have at present the 
appearance as seen in the illustration. To fully investigate and work 
up in detail all of these dikes would require that each one be followed 
throughout its whole extent. Some of them would probably be proved 
to be trachytic, but I am of the opinion that if they could be traced to · 
the granite they would be seen to grade imperceptibly into it. I think 

· the entire mass of granite in the Elk MountrJn district has been in 
either a plastic or a melted condition, and that the granite is eruptive. 
It is a question whether or not it is remelted metamorphic rock. The 
future will have to decide this point. The elevation of the range was 
Post-Cretaceous. The erosion since its elevation has been enormous. 
The different peaks are connected by sharp, semicircular ridges, each 
the ruin of a huge amphitheater, in the center of which the granite 
appears. On some of these ridges the sedimentary beds form a capping. 
The occurrence of these sharp ridges, high peaks, and these huge amphi
theaters, renders traveling in the heart of the Elk Mountains extremely 
rough. .All the peaks are somewhat difficult of ascent. 

Looking northeast from Snow l\fass Mountain, on the ridge beyond 
the one in which the dike is seen, cappings of light-colored beds appear 
along the summit. These are probably a portion of the Cretaceous beds 
that slope from the Elk Mountains toward the valley pf Roaring Fork. 
They will be referred to again in a subsequent portion of the chapter. 
Capitol Peak is about three miles from Snow Mass, and has an elevation 
of 13,816 feet. Judging from its appearance, as seen from Snow .1\-Iass, 
it is similar in structure. West and 'Southwest are the inverted beds 
shown at fin Fig. 3, Plate XVIII. Northwest of the peak the relations 

• 
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of the beds are as shown in the section from Capitol to Sopris Peak, 
Fig. 1, Plate XX. 

Leaving Rock Cree-k we proceeded down East River to Cement Creek, 
and then crossed to the Gunnison, which we followed to one of its sources, 
and then crossed to the head of Difficult Creek, one of the branches of 
Roaring Fork . . The divide between this creek and the Gunnison where 
we crossed it was 11,619 feet above sea-level. . The r.ocks here, which are 
all granitic and gneissic, were referred to in the preceding chapter. On 
one of the stations (76) near the head of the creek, I found fair specimens 
of rose quartz. The view from this station looking westward was ex
tremely fine. In . the foreground we had the low ridges, heavily tim
bered with dark-green pines, beyond and above which the mass of 
mountains about Castle Peak towered, their somber blackness r~lieved 
~by patches of snow. To the right and nearer us the dark colors changed 
•to a deep orange, streaked by light gray wherm.,.er there were slides of 
·,rock. Still more to the right we had the red sandstones, their bright 
·Color contrasted with the grassy slopes on the rounded hills. Beyond and 
Teaching high above, bathed in sunlight, stood the Capitol and Snow Mass 
Mountains, their immense snow-fields glistening with silvery brilliancy. 
·To the right of the Capitol is a prominent point seen from all parts of the 
Roaring Fork Valley. It is noticeable for a bright yellowish band which 
,is distinctly outlined in its face, liJre the band on an escutcheon. It may 
be a dike. We did not have time to visit the peak to determine to what 
the appearance is due. The creek we followed to the main Roaring J1"ork 
is densely timbered, and just before reaching the main stream plunges 
.abruptly down a steep hill . about 1,000 feet in height. Here we had to 
werk about six hours in order to get our train down. One thing par
ticularly noticeable when we reached Roaring Fork was the change in 
·the vegetation. On the Gunnison we had seen but little in the way of 
vegetation besides the sage-brush, (Artemisia.) On Roaring Fork, how
ever, we found a profusion, among which we noticed the scruh-oak, 
(Quercus alba,) a willow, (Salix,) two species of raspberry, (Rubus deli
ciosus and R. strigosus,) the service-berry, (Amelanchier canadensis,) the 
common currant, (Ribes rubrum,) and the common wild rose, (Rosa blanda.) 

. The upper part of Roaring Fork is in canon, emerging from which the 
stream flows through a valley that gradually increases in width, and is 
filled with drift that has been carried down by the water. Above Cas
tle Creek this drift is made up principally of granitic boulders. Castle 
Creek is the first large creek coming into Roaring Fork from the left side. 
It drains the east side of Castle Mountain, one branch also heading on 
the west side of the peak. All tlJe branches have cut deeply into the red 
sandstones exposing the carboniferous layers below. A short distance 
above the mouth of Castle Creek Hunter's Creek comes in from the 
east. It is here that we first meet with the stratified rocks. The Silu
rian quartzites cross the main stream, and the line of outcrop extends 
up Castle Creek. On the east side the dip seems to be north 350 west, 
angle 25° to 30o. On the other side the beds are more highly inclined, 
and dip in about the same direction 50°. From this point the valley 
widens, and is covered with an extensive deposit of drift, a large portion 
of which was probably derived from the Elk Mountains. Indeed, this 
is shown by the great quantities of red sandstone boulders in the bed of 
the stream. This deposit is cut into terraces by Roaring Fork, and all 
the branches coming in from the southwest. The terrace on the right 
side of Castle Creek is 130 feet in height. On the opposite side it is 
about 210 feet in height. The next creek below Castle Creek, Maroon 
Creek, is also large; and drains the portion of the El~ Mountains east 
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.of :Maroon Mountain. The profile across this creek is shown in Fig. 1, 
Plate XIX. Here on the right side we hav~ three steps, the first,. a, 
being 15 feet; the second, b, 35 feet; and the third, c, 50 feet. The 
latter is about 4 feet above the level of the stream. The tops of the 
upper terraces seem to have a general level, and are overgrown with 
sage-brush. Along the streams at the bottom of the small canons there 
is a growth of aspens and pines. Between the mouth of :Maroon Creek 
and Roaring Fork there is a conical-shaped butte that rises about 350 
feet above the general level. . This is represented at A in Fig. 1, Plate 
XIX. The following section was made here fro!ll the point din descend-
ing order: · 

Section No. 28 . 

. d. 1. Soft fine-grained yellow sandstone. At · the south end of the 
butte there are two small faults in this bed and in the bed next 
below; thickness, about 20 feet. 

2. Red· sandstones. The upper portion very hard, becoming softer 
and shaly as we go down. They become greenish also as we de-
scend; thickness, 40 feet 2 inches. . 

3. Very hard greenish-gray calcareous sandstone, with calcite dis
tributed through it; thickness, 18 inches. 

4. Fine red shales, with a .band of hard sandstone in the center, 1 
foot. 

5. Sandstone, with a band of shales 1 inch in thickness, 12 feet 6 
inches. 

6. Very fine deep:red shales breaking into very small pieces, and 
having inter laminated bands of hard sandstone each about 1 inch 

. in thickness, 8 feet. 
7. Coarse pink sandstone, shaly in places and conglomeritic at top, 

15 feet. 
8. Coarse pink shaly sandstone, 6 feet. 
9. Coarse pink conglomeritic sandstone, like No. 7, but not quite so 

coarse-grained. The pebbles and matrix are both siliceous, 25 
feet. 

10. Irregular purplish limestone, very coarse, with shales, 8 feet. 
11. Shaly sandstones, 10 feet 6 inches. 

· 12. Coarse irregular purplish limestone, resembling a conglomerate. 
There is about 5 feet of this and then 1 inch of green shale, be
low which ,we have a bed of the limestone in structure like the 
upper part, but of brick-red color; total thickness, 8 feet. 

13. Limestone conglomerate, with masses of purplish blue limestone. 
varying from 1 to 4 inches in diameter, 4 feet. 

14. Irregular brick-red calcareous sandstone, with cross fracture. In 
some places there are greenish bands, 40 feet. 

15. Coarse brick-red sandstone with cross fracture, 5 feet. 
16. Fine-grained red sandstone, 5 feet. 
17. Limestone conglomerate, like No. 13, 8 feet. 
18. Irregular brick-red sandstones, 21 feet 8 inches. _ 
19. Red sandstones, compact above, becoming irregular and mot

tled toward the center, and compact below again, 84 feet 10inches. 
<(], 20. Compact fine-grained yellow sandstone, 77 feet 7 inches. 

21. Blue limestones, with interlaminated shales. The limestone is in 
beds about 2 feet each in thickness, while the limestone varies 
from 2 to 5 ·feet ; 155 feet. • 

22. Space reaching to base of hill, ·155 feet. 
Below these beds, on a ridge between the mouth of the creek and 
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Roaring Fork, other beds are exposed. Here Mr. Taggart made the 
following section. The beds would be represented under the drift at the 
pointjin the illustration, (Fig. 1, Plate XIX.) The beds seem to be 
conformable, all dipping about 400 to 500 north, 45° east: 

Section N o. 29. 

In ascending order, by Mr. Taggart: 
1. Blue limestone, 20 to 30 feet. 
2. Gray compact fine-grained sandstone, 10 feet . 
3. Compact fine-grained blue limestone, 50 feet. 
4. Fine-grained sandstone, 6 to 8 feet. 
5. Space covered with debris, 150 feet. 
6. Brown sandstone, 2 feet. 
7. Brown shales, 10 feet. 
8. Fine gray compact sandstones, with small quartz pebbles, 150 feet. 
9. Dark shales, very much broken, 200 feet . . 

10. Space probably filled with shales, 200 feet. 
11. Brown limestone and shales, alternating, in beds from 1 to 2 feet 

in thickness, and containing fossils; total thickness, 30 feet. 
12. Blue limestone, with interlaminated shales, 150 feet. 
This is as far as Mr. Taggart was able to carry the section. Bed No. 

12 corresponds with No. 21 of section 28. When we cross to the east side 
of Roaring Fork, the beds on the hills are very much obscured. Enough 
is seen, however, to warrant the conclusion that near the base of the 
hills, g, are yellowish sandstones and shales. Above these are outcrops 
of red sandstones, h, dipping north 15o east, and inclining 50°. I am 
not satisfied as to the age of these beds, although I think it is probable 
that they are either Carboniferous or Permo-carboniferous. The beds 
given in Mr. Taggart's section dip conformably beneath those given in 
section No. 28. They are undoubtedly Cretaceous, as proved by the fossils 
be obtained. Bed No. 20, in section No. 28, is probably No. 1 Cretaceous. 
'rbere would seem, therefore, to be an inversion of beds here, although 
it is difficult to imagine what should cause it. I was unable in the short 
time at my disposal to qetermine accurately the relations of these beds 
shown in the butte to those skirting the Elk Mountain range on the 
northeast. Crossing to the opposite side of the valley, the Cretaceou~ 
beds are seen dipping to t,he northwest. The line of outcrop follows 
the course of the western branch of Maroon Creek, and then turns to 
the northwest along the edge of the eruptive area about Snow Mass 
and the Capitol, and continues across toward Sopris Peak. The dip 
seems to change also, being at first northwest and gradually changi:J?g 
to the northeast. At the points i andj, in the illustration, Fig.1, Plate 
XIX, we have two benches, with a gradual slope toward the northwest. 
They are covered in part with a growth of aspens, and strewn over the· 
surface are numerous granite boulders of all sizes. These benches, I 
think, must mark the old courses of Hunter's Creek, that joins Roaring 
Fork above the mouth of Castle Creek coming in from the east. They 
curve toward the present bed of the stream. About two miles below 
the butte through which the section given above was m~ade, the river 
cuts through the Cretaceous beds, leaving a high bluff on the west side 
in which the beds are inclined at an angle of 15o to 200. Opposite these 
bluff's is a level valley filled with drift, which reaches to CretaceouS. 
bluffs on the east side. The river cuts its way deeply into this drift,. 
which is underlaid by Cretaceous rocks, as is shown by several expo
sures along t~e course of the river higher up stream on the east side, just 
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below the butte. Beyond the Cretaceous beds on the east side of the 
river, which are, I think, at this place right side up, there are ex
posures of red-beds, which I did not have time to visit. About eleven 
miles farther down stream, Snow Mass Creek comes into Roaring Fork 
from the southwest. This creek bas two large branches, one of which . 
heads near Maroon Mountain and Snow 1\Iass l\iountain, while the other, 
Oapitol Creek, rises north of the Capitol. Opposite the mouth of the 
creek there is a hill capped with a volcanic rock, which is also exposed 
on the southwest side. It seems to be trachytic in character. A simi
lar hill stands near the mouth of Frying-Pan Creek on the north side. 
South and southwest of Roaring Fork is a large area reaching from the. 
river to the Elk Mountains, covered with Cretaceous rocks. Fig. 2, 
Plate XIX, represents a section across this area. At the point a the 
dip is south or a little east of south; angle of inclination about 150, 
At the base of the hill b, on the creek coming fi·om Sopris Peak, ex
posed on the left side, is a sandstone which I took to be Cretaceous No. 
1, (Dakota group,) above which were limestones and shales, all dipping 
west of north at an angle of about 200. There is, therefore, at this 
place a synclinal fold, the axis of' which is northeast and southwest. 
At the point c there is a second fold parallel to the :first. The Cretaceous 
area extends across Roaring Fork, and also westward around the end of 
Sopris Peak, and across Rock Creek. Opposite the mou.th of Rock · 
Creek, on the east side of Roaring Fork, there is an outcrop of red-beds 
below the Cretaceous. I think the section between Frying-Pan Creek 
and this point is as represented in Fig. 3, Plate XX. Sopris Creek, 
seen from a distance, has a rounded outline. It is composed of erup
tive granite, and is the center of the third eruptive island in the Elk 
Mountwins. On the southeast side we have chloritic schists, quartzites, 
and sandstones, all very niuch metamorphosed. These beds have a dip 
toward the Oapitol. In them I found the following minerals : Hematite, 
actinolite, chlorite, and talc. The peak is 12,246 feet in height. Between 
the Capitol and Sopris we have a fold as represented in Fig.l,Plate XX, the 
center being filled with red-beds that, I take it, belong to the Triassic. 
There is not only a fold in this direction, but also east and west, as shown 
in Fig. 2, Plate XX, which represents a section through the range at right 
angles to the section in Fig.-. To the westward the only rocks to be seen 
are Cretaceous. To the north and north west we have the valley of Roar
ing Fork extending to the Grand. West of the mouth of Rock Creek 
there are some comparatively low hills in which there are exposures of 
red-beds, as seen from the summit of Sopris. Leaving Sopris Peak, we 
followed Frying-Pan Creek to its head. We had considerable difficulty 
getting np the creek, as it is in canon the greater part of the way. The 
rocks exposed at the lower part are all red sandstones, dipping a few de
grees east of north, inclining from 70 to 10o. About ten miles from 
the mouth of the creek we reached an open valley, in which we camped. 
Here, on the northern side of the valley, there were some very fine cas
tellated forms in the red sandstones. These beds dip a little east of 
north, but as we go north the dip changes toward the south. A short 
distance above the camp the creek is again in canon, arid here we find 
the dip of the red-beds is west. This changes to southwest as we fol
low the outcrop. Where the beds cross the creek we have a deep nar
row canon cut through them at right angles to the strike. The dip of 
the beds is south 600 west, and the angle 300 to 500. The outcrop 
forms a high ridge about 950 feet above the level of the valley just 
above. This valley is comparatively wide, and the stream flows through 
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it in beautiful curves. On the north side we have ve1·y extensive de
posits of gypsum, which, I think, occur in irregular masses. I think 
they are in rocks of Carboniferous age. North of Frying-Pan Creek 
there are broad-topped hills reaching just above timber-line, in which 
we have· exposures of red sandstones dipping a few degrees west of 
north. A section made from these hills northward is shown in Fig. 3, 
Plate XIX. There seems to be a series of faults. The section was made 
from the summit of the red hills and may, perhaps, have to be modified 
in some of its details when the region shall have been more closely 
studied next season. Just above the canon on Frying-Pan Creek there 
are exposures of red sandstones, on the south side of the creek, dipping 
nearly west at an agle of 250 to 40o. These beds are, I think, the di· 
rect prolongation of those seen on the east side of Roaring Fork near 
the mouth of Castle Creek. The gypsum-beds extend some distance up 
the creek, and in the valley there are several cold sulphur springs. The 
first one we met . with was near the creek, and about 20 feet by 30 feet, 
with a deposit of sulphur at the bottom. The water is colder than the air, 
and tastes of the sulphur, although not disagreeably. The next spring is 
about three-quarters of a mile farther up the stream, and is much smaller, 
being only about 4 feet in diameter. The water here is also cold, and has 
a much stronger taste. In the hills on the north side there are outcrops of 

- blue laminated limestone and greenish shales, mostly micaceous. These 
I believe to be Carboniferous. I did not have time to make a section. 
The north fork of Frying-Pan Creek, just before joining the main stream, 
cuts a canon in a blue limestone, in which I found some corals. These 
limestones, I think, belong to the base of the Carboniferous. They dip 
a few degrees west of north, at an angle of 20°. Below this blue lime
stone, which is exposed on both sides of the. creek, there are yellowish 
limestones, followed by dark limestones that are cherty and have frag
ments of crinoidal stems. These are succeeded ·by very compact light
blue limestones, below which we :find pink and white quartzites, which 
rest immediately on the schists. On the north fork, for a short distance 
above the small canon, to which I have just referred, there is an open 
valley. Above this valley, the stream is in a very rugged canon in 
gnessic rocks, there being on the hills exposures of sedimentary rocks, 
dipping west of north at an angle of about 10°. Just ·below the canon 
there is a small creek joining the North Fork on the west side. Here 
there have evidently once been warm springs, from the abundance of 
calcareous tufa seen in the course of the creek. A short distance up 
the creek there is a low bluff, ~omposed almost entirely of the tufa. 
It is now overgrown by low bushes. The water in this creek has an 
alkaline taste. In the rocks that we referred to in the preceding chap· 
ter as curving around the end of the Sa watch range north of the Mount
ain of the Holy Cross, we doubtless have the continuation of those seen 
crossing Frying-Pan Creek, and which we have just described. In the 
valley of Frying-Pan Creek, above the North Fork, we have no sediment
ary beds, except those just mentioned. The valley is filled with bowlders 
of a granitic porphyry, exactly like that seen in Lake Creek Canon. At 
Massive Mountain! northwest of which the creek rises, we have schists. 
These, however, were described in the previous chapter. From the head 
of Frying-Pan we crossed to the Arkansas River, and visited the Holy 
Cross Mountain, after which we retraced our way to Colorado Springs, 
and thence to Denver. The facts noticed there have already been em· 
bodied in the report. We reached Denver on the 23d of October, and 
there disbanded, our work for the season being finished. · 
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No. 1.-CATALOGUE OF MINERALS. 

This catalogue includes only the minerals found in the South Park 
district. I am indebted to Mr. Peters, of Fair Play, for those marked 
with an asterisk. The complete catalogue will be found appended to 
Dr. Endlich's report. 
Actinolite. (See Amphibole.) 
Agate. (See Quartz.) 
Alabandite*. lYfassive in some of the old gold-mines near Quartzville. 
Amethyst. (See Quartz.) 
Amphibole. Actinolite on Sopris Peak; hornblende on Sopris Peak; 

in schistose rocks near lVIontgomery; in trachytes of Buffalo Peak and 
the south end of South ParlL 

Anglesite. Small crystals in the lead-mines of Horseshoe 1\Iountain. 
Anhydrite.* (Crystallized.) At the salt-works in South Park. 
Apatite.* (Massive.) In schists near Mount Lincoln. 
Argentite.* (Amorphous and laminated.) In the Silver Star, Moose, 

and other mines of lVIount Bross. 
Arsenopyrite.* (Massive.) In.Priest 1\iine, Mount Bross . 
.Azurite. Crater Mountain. In mines near Fair Play ; in mines in Elk 

Mountain district. 
Barite. In all the silver-mines about Fair Play forming the principal 

gangue. It is both massive and crystallized; at Homestake Mine near 
Tennessee Pass. 

Basanite. (See Quartz.) 
Biotite. (See JYlica.) 
Calcite. Abundant in all the limestones throughout the district; yellow 

crystals near Cheyenne Mountain; 'red crystals on Mount Bross; rhomb 
spar at Sulphur Springs in South Park; fibrous at the head of ·rrout 
Creek, near South Park. . 

Carnallite.* (Crystallized.) At salt-works in South Park. · 
Cerargyrite.* (Massive.) In small quantity in the Wade Hampton 

mine. The 1\Ioose and other mines in the limestones of Mount Bross 
carry from 5 to 20 per cent. of their contents in the shape of chloride 
invisible to the eye. · 

Cerrussite. In the mines in the Elk Mountain district near the head of 
· Rock Creek; in the mines of Horseshoe Mountain, where it occurs 

abundantly; at Homes take Mine, near Tepnessee Pass. 
Chalcedony. (See Quartz.) . 
Chalcopyrite. In the mines of the Elk Mountain district. It is found 

also in all the gold and most of the silver mines near Fair Play. It 
is the richest matrix for gold, and often assays $150 per ton, and also 
$300 in silver. It is crystallized and massive, and often iridescent;* 
at Homestake Mine, Tennessee Pass. 

Chlorite.. (See Ripidolite.) 
Chromite.* (Massive.) On Silver-Heels Mountain. 
Coal. At Gehrung's Mine on Monument Ureek; twelve miles east of 

Colerado Springs, northeast of Fair Play; in Elk Mountains, good 
quality. 

Cuprite. In minute crystals in Sacramento Gulch and in the Sweet· 
Home Mine. 

Dolomite. (Massive.) In limestones in canon of Four-Mile Creek. 
Epidote. Very abundant in the schists in the foot-hill range; on the 

summit of Mount Bross ; in Lake Oreek Canon; on Massive Mount
ain ; at the head of Rock Creek ; at the Elk Mountain mines. 
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Feldspar. In many varieties in the schists near Montgomery.* Lab?·a
dorite in fine crystals near Montgomery.* Orthoclase, :flesh-red in 
color, from the foot-hill range. Good crystals of pale pink color in the 
grani~es of the Sawatch range. Ainozenstone, good crystals, from 
Pike's Peak and Cheyenne Mountain. Sanidine in the trachytes of 
South Park and Buffalo Peaks. 

Fluorite.* Massive and crystallized, pink and "Violet colors, from Sweet-
Home mine. · 

Garnet. In schists, near Montgomery. 
Galenite. Near Silver Heels, above Hamilton. In all the mines, in 

limestones and sandstones, near Mount Lincoln, Mount Bross, and 
Horseshoe Mountain, assaying from $3 to $200 per ton in silver, and 
as high as $120 in gold.* It occurs in simple and modified cubes and 
twins at the Homestake mine, near Tennessee Pass; in the mines of 
the Elk :Mountain district., at the head of Empire Gulch, and Iowa 
Gulch. 

Graphite.* In 1imestones on Silver Heels ]\fountain, containing much 
iron and earthy matter. 

Gold. In the placer-mines of Tarry all Creek; in the placer and lead · 
mines near Fair Play; occurring in laminrn, :flat grains and shot-like, 
and rarely in imperfect crystals;* in plates and laminrn at the Printer 
Boy mine, at the head of CaHfornia Gulch, near' Ore City; in the 
placer-mines of Washington Gulch, in the Elk Mountains; in Union 
Park, east of the Gunnison River. · 

Glauconite. In the Silurian quartzites in Glen Eyrie; on Trout Creek; 
in Four-Mile Creek canon, and on Eagle River. 

Gypsum. Selenite and satinspar . .At Pleasant Park, on Bear Creek; on 
Camp Creek, near Glen Eyrie; at the salt-works in South Park; at 
the head of Rock Creek, in the Elk Mountains. .At all these localities 
it occurs amorphous, generally of white and pink colors. .At the salt
works there is a black variety. 

Halite. In the sulphur springs, South Park; in the springs and marshes 
at the salt-works in South Park. 

Hematite. Beaver Creek, near the Colorado divide; specular, Philips 
mine ;* micaceous, good specimens, on White Rock Mountains; on 
Sopris Peak; fibrous on Silver Heels Mountain and near Hamilton; 
argillaceous in the mines of Elk Mountain district; in many places in 
South Park. 

Hornblende. {See Amphibole.) 
Jamesonite, Capillary . .At the Sweet Home mine, Mount Bross mining 

district. 
Limonite. Earthy in Tertiary sandstones along the east range of mount

ains; near the coal-exposures, twelve miles east of Colorado Springs; 
extensive beds in South Park.* 

Labradorite. (See Feldspar.) 
Magnetite. In the granites in foot-hill range; on Tarryall and Michigan 

Creeks; on Silver Heels Mountains; at the head of Lake Creek; at 
Snow J\fass Mountain. 

Malachite. On .1\<Iount Guyot; at Sweet Home and Baker mines, Mount 
Bross mining district; in the mineR of TI orseshoe Mountain; in ~ines 
of Elk Mountain district. 

Marcasite,* (cellular,) Philips mine, Mount Bross mining district. 
Melaconite,* from the Unknown mine of Montgomery. 
Melanterite, in con3retions at the Sweet Home mine, Mount Bross min

ing district. 
Mica, very abundant and of many varieties, (biolite, musco·vite, and 
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phlogopite,) near Mount Lincoln · and ~fount Bross, especially near 
the junction of the sandstones and schists; biolite in the granites of the 
Elk .Mountains and in the rocks of the various dikes in that range; 
nmscovite common in the foot-hill range, along Tarryall Creek and in 
the Sawatch range; brown variety on Buffalo Peaks; green var·iety in 
schists east of Italia Peak. 

1\'lolybdenite,* in thread-like veins on Silver Heels 1\fountain. 
Muscovite. (See Mica.) 
Obsidian, on. Buffalo Peaks; chipB in the Arkansas VaHey ancl in 

Union Park. 
Orthoclase. (See Feldspar.) 
Phlogopite. (See ll1ica.) 
Prehnite, in cl 11Sters of small crystals in trap in Meunt Bross mining 

district. 
Pseudomalacbite, in gray argillaceous slates at the bend of the Little· 

Platte River, south of Fair Play. 
Pyrite, in all the gold and silver mines of Buckskin Gulch, invariably 

auriferous, but seldom enough to be valuable; massive in simple cubes 
and pyritohedrons; (perfect cubes of four to five inches are found in 
the Philips mine*,) on ltalia l\fountain in small octahedral crystals 
n~ar the base of Teocalli Mountain ; at White Rock :Mountain; in the 
mines of the Elk :Mountain ; in a black flinty limestone on Eagle 
River opposite Roches lVIoutonnes Creek. 

Pyrolusite,* massive in Buckskin Gulch and on Silver Heels 1\iountain. 
Pyroxene, in the limestones in the :Mount Bross mining district. 
Quartz, in the granites of the foot-hill range, the Sawatch range, and 

the Elk 1\fountains. Rock crystal, in the granites and in the sandy 
debris on the Colorado divide; at Pike's Peak; in tile limestones of 
Mount Lincoln and Mount Bross and Horseshoe :Mountain ; in the 
Cretaceous shales on East River; on Massive Mountain; in the mines 
of Elk l\fountain district at head of Rock Creek; on Sopris Peak; 
Homestake mine near Tennessee Pass. Amethystine, on Rock Creek ; 
Rose~ near the head of Granite Creek; smoky Cairngormstone; 
on the Colorado divide; on Pike's Peak; near the Platte Canon 
in fine large crystals; on l\1assive Mountain. Milky, on the Colorado 
divide in canon of the South Platte; near lYiount Howard on Granite 
Creek ; on l\fassive Mountain. Chalcedony, in South Park east of Fair 
Play; near Buffalo Peaks; on Frying-Pan Creek; in the small park 
at the head of Trout Creek near the salt-works southwest of South 
Park. Agate, in South Park 9n Frying-Pan Creek ; in the Arkansas 
Valley in the park at the head of Trout Creek ; on the butte east of 
the salt-works. Basanite, on the butte east of the salt-works in 
South Park. Silicified wood~ at petrified stumps near Florissant. 

Rhodochrosite,* (c.rystallized,) in the gangue of the Diadem mine, 
Buckskin Gulch. 

Ripidolite, on Sopris Peak, near Red Rock Pass, at the head of Lake 
Creek. 

Rutile,* in veins of quartz traversing the limestone in Ute Pass. 
Sanidine. (See Feldspar.) -
Satin spar. (See Gypsum.) 
Selenite. (See Gypsum.) 
Siderite,* (crystallized,) at the Sweet Home mine and many places in 

South Park. 
Silicified wood. (See Quartz.) 
Silver, (native,) in nuggets, wire, and thin scales in the mines around 

Fair Play; in Washington Gulch, in the Elk Mountains ; in the 

• 
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mines at the head of Rock Creek in the Elk Mountains; at the Home 
stake mine, near Tennessee Pass. 

Sphalerite,* in large quantities in the Mosquito gold mines; also in 
some of the silver mines, carrying from $10 to $150 per ton· in silver: 
(some specimens contain cadmium: it is mostly massive and highly 
ferruginous;) at the Homestake mine, near Tennessee Pass. 

Stephanite,* (crystallized and massive,) in the Moose and other mines 
_in the Mount Bross mining district. 

Sulphur, in the springs in South Park, and also on Frying-Pan .Creek. 
Talc, on Sopris Peak. 
Tennantite,* (crystallized,) in Buckskin mining district. 
Tetrahedritre,* in complicated crystals and massive; It is the principal 

silver 'ore of the Buckskin mines, and assays from $50 to $300 per-
ton. · 

Tourmaline, on Italia Peak; no :fine doubly terminated crystals in the 
schists near Montgomery. 

Tufa, (calcareous,) on Roaring Fork; on the North Fork of Frying-Pan 
Creek. 

Vesuvianite, in fine crystals on Italia Peak. 
Wollastonite,* in veins traversing the lower limestones in the Mount 

Bross mining district. 
Zinkenite,* in minute crystals in the Sweet Home mine. 

No. 2.-CATA.LOGUE OF ROCKS. 

Catalogue of rocks collected by A. C. Peale and W. R. T(J,ggm·t . 

No. Name. Locality. 

1 Yellow sandstone, (Cretaceous 1) •••••••••••••• South side of South Platte River belo-t the 

2 
;j 

4 
5 
6 

7, 8 
9 

. 10 
11 
12 
13 
14 
15 
16 

17,18 
19,20 

21 
22 

23,24 
25 
26 
27 
28 
29 
30 

31-33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

White sandstone, (Cretaceous 1) ••.•••••••••••• 
Purplish sandstone, (Cretaceous 1) •••••••••••• 
Arena<leous limestone, (J" urassic ~) .....•.•.... 
Brick-red limestone, (J"urassic ~ ) ............ .. 
Gray limestone, fossiliferous, (Cretaceous No. 3) 
Red feldspatbic granite .....•................. 
Red sandstone, ('l'riassic ~) ......•............. 
Gneiss ...................................... .. 
Gypsum ........... . ......................... . 
Pmk calcareous sandstone shale, (J"urassic) .. . 
Pink mottled limestone, (J"urassic) .......... . 
Gray sandstone, (Tertiary) ................... . 

~~a~ l~:~~~~~ ·_ ·_-_-_·_·_-_-_-_-_ :_-_-_-_-_-_ ·. -_-_-_~:.:: -_-_:: ~: ~: 
Ferrugineous sandstone ........ . ............. . 
Gypsiferous sandstone, (J" urassic) ........... . 

¥fr.Pku~'e~~~~!~~~~ :~::~::::::: :::: ~::::: :::::: 
Dark-green sandstone, (Potsdam 1) ......•.•••. 
Red sandstone, (Potsdam n ................... . 
Pinkish-gray limestone, (Silurian ~ ) ...... ... . . 
Granite .......... . ..... .. ...... . ..... .. ...... . 
Gneiss ...................................... .. 
Granite ...................................... . 
Trachyte ........... . ........ . ............... . 
Argillaceous shale, (Tertiary) ............... . 
Coarse san~~tone, (Tertiary) .. . .............. . 
ConglomentiC sandstone, (Tertiary) .....•.... 
Shaly sandstone .............................. . 
Brown sandstone, (Silurian ~) ......•.......... 
Green sandstone, (Silurian~) .......•.......... 
Yellow sandstone, (Silurian ~) . ..••.•....... , .. 
Red limestone, (Silurian n ................... . 
Red limestone, green spotted, (Silurian 1) •••••• 
Mottled conglomeritic limestone, (Silurian ~) ... 
Red limestone, (Sj.lurian ?) ••••••••••• * •..•.•••. 
Pink shaly limestone, (Silurian 1) .•••.•• ~ ••••• 

canon. 
Do. 
Do. 
Do. 
Do. 

Willow Creek. 
Canon at head of Bear Creek. 
Pleasant Park, on Bear Creek. 
Hills west of Pleasant Park . 
Pleasant Park. 

Do. 
Do. 

Mesa east side of Plum Creek. 
Summit of mesa east side of Plum Creek. 

Do. 
Monument Park. 
Near the Garden of the Gods, 

Do. 
Do. 

Glen Eyrie. 
Do. 
Do. 

Summit of Pike's Peak. 
Upper Canon of South Platte River. 

Do. 
Beaver Creek Valley. 
Beaver Creek Valley, near Florissant. 

Do. 
Petrified Stumps, near Florissant. 

Do. 
East side of Trout Creek, below Bergen Park. 

Do. · 
Do. 
Do. 
Do .. 

West side of Trout Creek, below Bergen Park. 
Do. 
Do. 
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Catalogue of rocks collected, g·c.-Continued. 

Name. Locality. No. I 
:---------------------------------1------------------------

45 
46 
47 
48 
49 
50 
51 

52,53 
54,55 

56 
57,58 
5.9-63 

64 
65 
66 

67,68 
69 
70 
71 

72,73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
8.1 
84 
85 
86 
87 

88,89 
90 
91 
92 
93 

94-97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 

116,117 
118-121 

12~ 
123-125 

126 
127,128 

129 
130, 131 

132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 

Red sandstone, (Silurian ~) ................... . 
Pink limestone, (Silurian ~) ..........•.•...... 
Yellow limestone, (Carboniferous~) .......... . 
White arenaceous limestone, (Carboniferous~). 
Pink quartzite ...•............................ 
Yellow quartzitic sandstone ..•.........•..... 
Brown quartzitic sandstone .................. . 
Red sandstone ....... . ...................... .. 
White quartzite, (Cretaceous No. 1) .....•.. ~ .. 
Gneiss ................................. .. .... . 
Granite(~) ................................... . 

...... do ..................................... .. 
Metamorphosed slate .......................•. 
Quartzite ............. . ...................... . 
Gneiss, (Micaceous) ......................... . 
Trachyte U) ................................. . 
Gray sandstone ............................. .. 
Green slate ............. ..................... . 
Quartzitic sandstone ......................... . 
Trachyte(~) ............................•.... . 
Coarse micaceous sandstone •.......•......... 
Blue limestone .......................... .. ... . 
Sandstone ................................... . 
Red calcareous sandstone shale . .....•... ..... 
Quartzitic sandstone ........................ .. 
White quartzite, (Silurian) .................. . 
Purple sandstone, (Silurian) ...•.............. 
Green clay shale ............................. . 
Blue-gray limestone .... , ..................... . 

-Trnchyte (~) ................................ .. 
White micaceous sandstone ....••.••.......... 
Blue limestone ............................... . 
Micaceous sandstone shale ..• . ..............•. 
White sandstone, (Cretaceous) ............... . 
Andesite (~) ................................. .. 
Rhyolite(~) .....•.•........................... 
Dark quartzite ............................. .. 
Micaceous sandstone ..................•....... 

~~~~:il~~~~~~:: ~ ~ ~:::::: ~::: ~::::: ~::::::::: 
Limestone .................. . ................ . 

£?!~t{~:e:~~~:::::: : : : :::: :: :::: ~: ::: : : : : :: ::: 
Quartzite ................................... .. 
Limestone ................................... . 
Black argillaceous shale, (Cretaceous) ....... . 
Red and white shaly sandstone .••...•........ 
Blue limestone ......... · ...................... . 
Mottled sandstone ....................•....•.. 
Coarse red sandstone .................•....... 
'White micaceous sandstone . ...•.•............ 
White quartzite ............................. . 

.... .. do .............. ----- " .. , .............. .. 
Trachyte(?) ................................. . 

. .. . . . do-...................................... . 

...... do ..................................... .. 

~~~~~~~aen -1~~~~~~~~- ~:::::: :::::::::::::::::: 
Rhyolite (?) .••..••...•..•••.•••••••••••.•••••• 
Sandstone .......... , ...........•............. 
Sandstone shale .............•..•.•............ 
Sands+,one ............................ ~- ..... . 
Micaceous sandstone shale .•...•.•.•...•...... 
Trachyte (?) .................................. . 

.. . . . . do ..................................... .. 

...... do ..................................... .. 
Quartzite, (Potsdam) ........................ . 
Trachyte .................................... . 
Gneiss ...................................... .. 
Granite ...................................... . 
Quartzite, {Potsdam) .......•.•........ : ...... . 
Gneiss ....................................... . 
Trachyte(~) ................................. . 

...... do ...................................... . 

.. . . .. do .................. . .................. .. 

...... do ..................................... .. 

...... do ...................................... . 
Pitchstone ................ ................... . 

~~~~tet~_:: ::::::::::::::::::::::::::::::::::: 
..... ,do ..................................... .. 

West side of Trout Creek, below Bergen Park. 
Do. 
Do. 
Do. 

One mile east of Trout Creek. 
Do. 
Do. 
Do. 

Sulphur Springs, South Park. 
East side of Tarryall Creek. 
North of Hamilton. 
Mount Guyot . 
East of Mount Guyot. 

Do. 
Do. 

Silver Heels Mountain. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

South side of Four-Mile Creek. 
Do. 
Do. 
Do. 

Three miles above Hamilton. 
East of l!'air Play. 

Do. 
Do. 
Do. 
Do. 

Mount Lincoln. 
Do. 
Do. 
Do. 
Do. 
Do. 

Ridge northeast of Mount Lincoln. 
Do. 
Do. 

South Platte River, below Hoosier Pass. 
Do. 

East of Fair Play. 
Do. 
Do. 
Do. 
Do. 

North of Fair Play. 
Mosquito Gulch. 
Buckskin Gulch . 

Do. 
Iowa Gulch . 
South side of Four-Mile Creek . 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Head of Iowa Gulch. 
Stray Horse Gulch . 
Near Fair Play • 
Horseshoe Mountain. 
South side of Four-Mile Creek. 
Horseshoe Mountain. 

Do. 
Do. 

Weston's Pass. 
Buffalo Peaks. 

Do. 
Do . 
Do. 
Do . 
Do. 
Do. 

Mount Harvard. 
East of La Plata Mountain. 

-~ 
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Catalogue of rocks collected, g·c.-Continued 

No. ] Name. Locality. 

------~~~~~~"~;~~.--~~--~~-----------------1-------------------------------

148 
149 
150 

151-153 
154, 155 

156 
157 
158 
159 
160 

161-163 
164, 165 
166, 167 
168-170 
171-173 

174 
175 

176,177 
178 

179, 180 
181-183 

184 
185-188 
189-191 
192, 193 

194 
195 
196 

197-200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 

212,213 
214-216 
217-219 

220 
221 
222 

223,224 
225 
226 
227 
228 
229 
230 
231 
232 

233,234 
235 
2:i6 
237 
238 
239 
240 
241 
242 
244 
245 
246 
247 
248 
250 

251,252 
253 
254 
255 
256 

257,258 
259 
260 
261 
262 
263 

264,265 

Quartz ....................................... . 
Quartzite ......................... ........ ... . 
Rhyolite ..................................... . 

5t~fJi~~e io'dk:::: ::::::::::::::::::::::::::::: 
Trachyte breccia .........•.•......••....•.•.. 

-~~:~~~~ ~ ~)::::::.:: ::::::::::::::::::::::::::: 
.. ... . do ..................................... .. 

~~~~~r~.::::::::::::::::::::::::::::::::::::: 
~~~~~r~.--: ::::::::::::::::::::::-::::::::::::: 
Trachyte . ................. .................. . 
Granite . ... . .......................... . ..... .. 

t~i~r::: ::::::: :~~~~ ~ ~: ~ ~: ~ ~ ::: :::~~ · 
Porphyritic trachyte ........................ . 

: ~~:~A~~~~>:::::::.:::::::::::::::::::::::::::: 
Granitfl ..... ......... . ....................... . 
...... do ................ . .. . . .. . . .......... ... . 
Gray calcareous sandstone ...•.... . ........... 
Red sandstone . ............................. .. 
Micaceous-sandstone shale .................. . 
Greenish sandstone ......................... .. 

~~:~~~1!t~~(i ~~~-d~t~~-a':::::::::::::::::::::: 
Red con?:lomeritic sandstone .. ............... . 
Maroon-colored sandstone . ....... . .... . ...... . 
Light-purple sandstone . .... . ... . .... • .... . ... 
Coarse gray sa.ndstone . .. . ......... . .... . .... . 
Coarse greenish sandstone . . .... . ............ . 
Brown sandstone ............................ . 
Granite(~ ) ... ... . . ... . .... .. ... ... ........... . 
Red calcareous sandM.one .................. . . . 
Pink-calcareous sandstone . .................. . 
White sandstone, (Cretaceous) ......... . .. . .. . 
White limestone, (Cretaceous) ............... . 
Granite . ..................................... . 

.... . . do ...................................... . 

. ..... do . ......... . ..... . . ~ .... . .............. . 
Brown calcareous sandstone .•..... . ...•...... 
Coarse gray sandstone ....... ............... .. 
Red sandstone . . ............................. . 
Laminated limestone ....................• ..... 
Trachyte ( ~) . ... . ......................•.•..•. 
Calcareous conglomerate .................. .. . 
Metamorphosed argillaceous slate ............ . 
Green metamorphosed sandstone ....... ....•. 
Conglomerate sandstone ..................... . 
Trachyte (~) ................................ .. 
Conglomeritic sandstone ..................... . 
Purplish trachyte .........•.......•.......... 
Light-gray compact limestone ............... . 
Glauconitic limestone ........................ . 
Black limestone ... . ......... . . . •.••..•....... 
Calcareous conglomerate . .................... . 
Cherty limestone ............................ . 
Purplish-gray limestone .. . . . .........•....... 
White sandstone ............................. . 
Red shaly limestone ......................••.. 
Limestone ... ...... .......................... . 
White sandstone ........ ; ................... .. 
Mica-schist ................ . ................ .. 

~~~~~~#H~\H~~~~~~m~~~~H~: 
Granite porphyry ........................... .. 
Gray calcareous sandstone .. · ••.•...•.•..•.•••. 
Coarse red sandstone ....................... .. 
Chloritic schist ............................. .. 
Granite ..................................... .. 
Coarse red sandstone ....................... .. 
Micaceous sandstone ....••••.•••••.••••••••••. 
Fine red sandstone ............................ . 
Compact red sandstone ...................... . 
White gypsum ............................. .. 

East of La Plata Mountain. 
Do. ·.w. ~· 

Do. 
Near Grizzly Peak. 

Do. 
Do. 
Do. 
Do. 
Do . 

Can:on of Lake Creek. 
Red Rock Pass. 

Do. 
Do. 
Do. 
Do. 
Do. 

Ridge South of Red Rock Pass. 
Do. 

H ead of Spirifer Creek. 
Eastern Branch of Taylor's River. 

Do. 
Do. 

Italia Mountain. 
Ridge east of Italia Mountain. 
Ridge south of ltalia Mountain. 

Do. 
Do. 
Do. 

Dike on Cascade Creek. 
Cascade Creek. 

Do. 
Teocalli Mountain. 

Do. 
Do. 
Do. 
Do. 
Do. 

East side of East River. 
Do. 
Do. 
Do. 

Snow-Mass :Mountain. 
Do . 
Do . 

Maroon Mountain. 
Do. 
Do. 
Do: 
Do. 
Do. 

Near head of Rock Creek. 
Castle Peak. 

Do. 
Do. 
Do. 

East River, below Cement Creek. 
Station 72. 

Do. 
Do. 
Do. 

Station 73. 
Do. 
Do. 

Ridge northeast of Station 72. 
Station 73. 

Do. 
Do. 
Do. 

Below Station 73, on East River. 
Union Park, on Gunnison River. 
Station 76, near head of Roaring Fot'k. 
Station 76. 
Head of Roaring Fork. 
Roaring Fork, near Castle Creek. 
Station 78. 
Sopris Peak. 

Do . . 
Frying-Pan Creek. 

Do. 
Do. 

Station 82. 
Frying,Pan Creek. 



PEALE.] GEOLOGY-CATALOGUE OF ROCKS. 

Catalogue of rocks collected, ~c.-Continued. 

No. 

266-268 
269-271 

272 
273-275 

276 

Name. 

277-279 Green con_glomeritic sandstone .............. . 
2SO Brown shaly sandstone ...................... . 

281, 28'2 Limest<me ... .... ........ .................... . 
283 Pink conglomeritic sandstontJ ............ _ ... . 

284, 285 Coarse green sandstone ............... , ..... .. 
~86 Green sandstone Gonglomerate ..•............. 
287 Dark-gray micaceous sandstone .. ............ . 
288 Coarse gray sandstone, (Qarbonif~rpus) ...... . 
289 Coarse white sandstone .............. ·.·: ..... .. 
~90 Pink conglomeritic sandstone . · .. : :.· ........ .. 
291 Fine red sandstone, (Carbotlife;r:ons) ~ ........ . 
29'2 Trachyte (l) _ .•• ••• .••••••• ••.••• ;: ••••••••••. 
293 Black flinty limestone, (Silurian) ; ... · ........ . 

~~~ 8~~:i;~~ ~~~~~~~:~~e_-_::~::.::: ::::::::::::: 
296 Greenish· gray sa:qdstoU?• •••••• , ••••••• -•••••••. 

29~i Jr!ii~~-~~~~~~~~ :::::: ::::::~: :::::::::::: 
3
30

o;2
3 

Trachyte (?) ......................... ..,~ ...... . 
Trachyte ................................... .. 

304 Greeni:;h sandstone ......................... .. 
305G dte 
306 B;l ::~n~g!.;~ ~i~~: ::: :~:.:::: :_~.: :}: ::::::: 
307 L1ght-red sandstoJJ.e .................. ,. ...... . 

~~g ¥~~t;~~~::::::.:: :::::: ::::~: :::::::::::::::: 
311iH Ei:~~f~~~~:::::::::::::::::::::::~::::::: 
315, 316 Black gypsum ....... , .. · ... .', .. : .. ~ ·, ........ .. 

317 Grlillite .............. _ .............. _ .. _ .... .. 

~~6J~i ~JJ::~Gt~e" ::::::::::: :::~·:: :::::::::::::::::: 
3Z.2 

32-3-:'{25 
3-26-329 
330,331 

332 
333 
334 
335 
336 
337 
33B 
339 
340 
341 
342 
343 

344,345 
346 
347 
348 
349 
350 

'l'rachyte - .... '. "."" ....... ' .................. . 

l~!~~i!,l~ii!~J-illi,IIIIIi 
Fine red sandstone ....•• , , ......... ~ ....... .. 
Coarse whitesand..~'!;one .. :".: .• ..... :~· ........ . 

~~~~:~~d~1~~~: :~: :·: ·.::: :::::::::::::::::::: 

18 G S 

Locality. 





REPORT 

F. M. ENDLICH, S. N. D. 

W ASIIINGTON, D. C., June 1, 1874. 
SIR: I have the honor herewith to submit my report for 1873. As 

directed, the mines of Gilpin, Clear Creek, and Boulder Counties were 
first visited by me, with the view to -study their geological and minera
logical relations, as well those referring to the ore-veins ·as a whole 
as .those they bear to the surrounding rocks. In almost every instance 
where time and the condition of the mine permitted it, a personal 
examination of the conditions under ground was made, and the report 
confines itself chiefly to those lodes and mines that have been thus vis
ited. On July 3, I took the field as the geologist of the San Luis di
vision, returning from it to Denver on Ocwber 5. Nearly 7,600 square 
miles were surveyed topographically and geologically during that time, 
and the results of the examinations relating to the geognostic and geo
logical features of the country are laid before you in ·the suQjoined 
report. It is evident that on a survey of this kind, where a large area 
must be traversed in a comparatively short time, geological research 
cannot be carried on in as much detail as might appear desirable to the 
investigator. By working in perfect unison, however, with the topog
rapher, the geologist will be able to form a correct idea of the hori
zontal and vertical distribution of formations in a very short time. 

Four chapters and an appendix comprise the annexed report. The 
first chapter treats of the mining-regions; and I beg leave to submit it 
merely as a preliminary report, in the hope that at some future· day I 
may be enabled to make more thorough and extensive examinations. 
The three following chapters are devoted to the geology and geognosy 
of the district assigned to the San Luis division. In the appendix, "Min
eralogical notes'' and a "·'Catalogue of the minerals of Colorado" are con-
ta~~- \ 

.At this place, I wish to express my sincere thanks to Mr . .A. D. Wil
son and .1\:Ir. G. B. Chittenden, the topographers of the party, for their 
hearty good-will and co-operation during the field-season, and to the 
latter for the kindness with which be supplied me during the winter 
with the illustrations necessary for the report. 

To Prof. F. L. Schirmer, of Den,Ter, and Mr. A. von Schultz, 1\:fr. J. 
Alden Smith, and lVIr~ Smart, of Central, Col., 1 am greatly indebted for 
courtesies shown me. 

Hopii~g that the report may meet your requirements, I have the honor 
to :r:emain, your obedient servant, 

Dr. F. V. HAYDEN, 
Geolo[!ist-in- Charge, 

FREDERIC 1\f. ENDLICH. 

United States Geological and Geographical 
SurvmJ of the Territories. 

•\ 
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C II.APTER I. 

PRELDIINARY REPORT DPO:N 'l'IIE nHNING-DISTRIC'IS OF COLORADO. 

According to instructions received~ I visited the mining regions of 
Gilpin County, Colorado, about the midd1Q of May, 1873, and subse
quently those of Olear Creek and Boulder Counties. The object in view 
was a thorough recognition and definition of the geological and mJner
alogical relations shown by the lodes of these localities to each other 
as well as to the surrounding r~lCk. Owing to the early season, a num
ber of mines that afterward were worked, were not then in operation;. 
and as a personal visit to all, or even only the greater portion of the 
mines, was entirely out of the question, such were selected for examina
tion as were acknowledged to be the most important ones of the district, 
besides those possessing any particular interest from a geological or 
mineralogical point of view, the acquaintance with which seemed neces
sary for a successful completion of the worJr undertaken. It is mainly 
of the mines visited personally that I shall speak in the su~joined 
page& . 

The lack of statistics, which may be considered very essential in a 
mining-report, is to be accounted for by the fact- that this report pre
tends only to examine the geological and mineralogical relations of the 
ore-bearing veins of those districts. As a large percentage of the min
ing population follow this occupation upon claims in their own posses
sion, for the purpose of~ making a livelihood, the facilities for obtaining 
stati~tics are by no means satisfactory, and it would require more time· 
than I could spend to compile thorough statements of production, re
turns, &c. A carefully-compiled statement of the work done at the 
Monte Cristo mine bas been very kindly allowed . me for publication by 
Mr. Mills, of Central. From it can be seen an account of the actual 
cost of working a mine on a small scale, and calculations for more ex
tensive operations may be made accordingly. 

Neither historical notes I).Or descriptions of machinery employed have 
been given in the report, as both have been treated of in Mr. Hague's. 
excellent rep(>rt upon the mining regions of that section. Merely the· •. 
geognostic, geological, and mineralogical features of the localities under 
consideration, and their mutual relations, are dwelt upon. It is hoped 
that by presenting this character of the mining- regions, which has not 
been suffieiently done before, more light may be thrown upon their merits. 
or demerits as such, and more definite knowledge gained regarding their 
constitution. 

In order to facilitate the ready comprehension of terms used almost 
exclusively by miners, and in order to give a more definite idea of the 
questions involved in the subjoined report, a short introduction is given, 
treating briefly on the subject of ore-deposits. 

The substances mostly occurring in deposits that are sought after by 
man are gold, silver, platinum, copper, lead, tin, zinc, iron, coal, salt, 
bitumen, petroleum, and others, existing partly in their native state, 
partly in combination with other substances. Two great divisions are dis
tinguished, and imbedded deposits-superstratoid deposits; the former 
being partially or entirely surrounded by a valueless material, ·the 
"country;" the latter deposited upon the surface, and containing its 
valuable minerals partly as float, partly as a superficial deposit. Im-
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bedded deposits are more frequently met with, and _ it Ls of them the 
report on Colorado mine13 wili treat almost exclusively, 

An ore-vein is a tabuloid body o.f mineral w&tter, aggregated so as to be 
entirely distmct from the surrounding rnck-from the "-' oountry "--in itij 
lithological and chemical char~ter as well as in Lts physical structure,. 
It is necessary that a fissure-or filled-a vein should . be bordered on 
either side? the sides being called a walls." As the greate:t> number ot 
veins show an incline to one side or the other, it has become customary 
to term t~ wall upon which it rests the '~foot-wau;:' the one resting 
upon it, the ''hang-ing-wall." Frequently these walls are of a different
lithological and geological character, as at the Winnebago mine, where 
the foot-wall is gneiss; the hanging-wall granite. In that case the ~cin 
is termed a "'contact-vein." 

The line indicated by an outDropping vein, if cut off horizontally, is 
called the "' course," or " strike," of a vein; variation from the horizontal 
is the ·~ dip;" the thickness is measured from wall to walL 

In distinction between a vein and a stratum, the former must be re
garded as representing the filling mat€rial of a fissure in the adjoining 
rocks, whereas the latter-a coal-bed, for instance-is merely one of a 
succession of strata. From the nature of its occurrence, it 'becomes evi~ 
dentth~t th~ contents of fissures must be younger than the surrounding 
'~country;'' whereas, in the. case of a stratum, it must be said that it is 
younger than the underlying but older than the superincumbent strata, 
provided the beds have not been overturned. An exception to this rule 
takes place when an ore-deposit is formed by pseudomorphic action. 

Massive deposits may be Tegarded as local widening of vein~ but 
more correctly as segregations. 

Impregnations sometimes form deposits of large bodies of ore, as, for 
instance, the tin-mines of Saxony and Bohemia, but rarely produce a suf-
ficient amount of metal to prove valuable. · 
. Superstratoid deposits owe their origin mainly to mechanical action, 
but in part to chemical. To the former class belong deposits of gold, 
silver, platinum, tin, &c.; to the latter, bog-iron ore, bog-manganese, &c. 

Veins are subject· .to frequent and often serious disturbances, mostly 
demonstrated by ·having caused or causing dislocations, in which case 
they are of mechanical nature, while other disturbances occur, attributed 
to chemical action. Dislocations often cause intersections of two veins, 
(Pl. A, Fig. 1,) of which! the disturbed one _is 'the older; the younger, 
disturbing, keeping its course. The disturbing vein can either be larger 
(Pl. A, Fig. 3) or smaller (Pl. A, Fig. 2) than the other one. An occur
rence that can very readily be mistaken for crossing is termed ''dragging," 
(Pl. A, Fig. 5 ;) and it is important in some cases to determine whether 
an actual crossing takes place, or merely a>drag is.found. Two veins 
may approach each other at a small angle, touch, and remain in contact 
for some distance, and then each; one turn off again to its own side ; or 
they may cross and drag on either or both sides of the crossed vein, 
(Pl. A, Fig. 6.) . If the one vein' is rich and the other one poor-a.t the 
same time, however, of equal thickness and similar mineralogical char
acter-it becomes necessary to determine this point. It may also occur 
that ,several veins cross several others, (Pl. A, Fig. 4,) in which case, 
however, all the above-stated conditions remain unchanged. 

Veins frequently ramify, sometimes the several parts returning to the 
m.ain vein again, sometimes pinching· out entirely. The included por
tions of" country" are termed" horses," (Pl. B, Fig.l.) Usually the termi
nation of veihs is effected in three ways: by ramification, (Pl. B, Fig. 2,) 
where it·splits up into a number of smaller veins that gradually thin 
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o~t and disappear, (Pl. B, Fig. 3;) by pinching out of the main vein, (Pl. 
B, Fig. 4 j) and by being cut off, (Pl. B, Fig. 5,) which can occur as the 
result of considerable disturbance, whereby an entirely different kind of 
rock can cut off and obliterate the vein: Cuts-off occurring without the 
intervention of any new rock belong to the series of common dislocati~:ms, 
and in that case the continuation can mostly be found again. This 
latter takes place very frequently in coal-mines, (Pl. B, Fig. 6,) where the 
beds have originally had an approximately horizontal position, out of 
which they are thrown by any disturbance caused either by vertical or 
.late.ral pressur~ ' In ore-veins, this kind of dislocation is not so. o!ten 
met with. 

Sliding of veins is not infrequently found, as; for instance, in the Greg
ory extension, where the one wall has changed its position parallel to 
the medial plane of the vein-body. If any irregularities have occurred 
in the vein, a slide of this kind will tend to increase them, and the vein 
will consist of a series of accumulations of mineral and gangue matter 
along its former strike and dip. 

FORMATION OF VEINS AND LODES .• 

The formation and contemporaneous or subsequent filling of fissures 
has given rise~ to a great deal of speculation. Although it may be sup
posed that an\: irregular contraction of .the earth's crust would produce 
at points fissures similar to those observed, their form, in detail, and 
the character of their arrangement with reference to each other, would 
probably not be the same as is really found in nature. An explana
tion of the origin of fissures based upon the recognition of volcanic or 
plutonic activity seems most satisfactory, and will apply in the by far 
greater number of cases. Earthquakes of the present day, due to vol
canic activity, form fissures and series of fissures analogous and even 
similar to those that are ·now filled with ores. Without penetrating 
the earth's crust to any considerable percentage of its~ thickness, a vein 
will still be practically inexhaustible in· depth until machinery may be 
so perfected as to overcome the increasing temperature as the descent 
is made. With the help of the an·nexed cut, the formation of fissures by 
plutonic acttvity will •become apparent. If a considerable thickness-a 
mile or more--is allowed for the crystalline rocks a, any disturbance on 
the part of b would have a tendency to crack the strata or the masses of 
a, thus giving rise to the formation of fissures; and if b becomes eruptive, 
contact-veins would ·he formed between the two furmations. · The 
expression of this phenomenon, however, will, as a rule, be local. 
Circumstances can . occur under which ·it may cover a very large area, 
but the existence of fissures within a small compa....~ has been observed 
far more fr.:equently. 

Another kind of fissures is found that owe their existence to distnr~ 
ances as well, but disturbances having a different effect. If any stratified 
or stratoid rock is disturbed in such a manner as to separate the strata 
from each other at one or more points, while they remain in connection 
at others, fissures are formed between these strata, and their strike and 
dip will be conformable to those of the strata. 

After the fissures have been formed, they. will be filled. n ·is a well
known fact that any excavation in the ground or in rock, such as a cel
lar, tunnel, shaft, &c., serves to collect and partially retain the waters 
percolating through the surrounding rriedium. This is infiltration. 
Taking the term infiltration in its widest sense, it may be accepted as 
an explanation for the filling of fissures. It remains to be decided, how-
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ever, what kind of infiltration is usually employed in filling these fis
sures. Numerous hypotheses have been offered in explanation, favoring 
infiltration from above, below, from the side, &c.; but the reliable data 
obtained are too few as yet to admit of any well-grounded view. One fact 
has been elicited, however, the cause of which is obvious, and may event
ually lead in the right direction towards solving the problem. In a large 
number of instances it has been noticed that the filled fissure2 the lode, 
showed a symmetrical arrangement of its component minerals, so that 
by dividing it into two halves, parallel to the walls, these halves would 
each contain the same minerals in the same consecutive order. This • 
structure has been termed "comb~d," and leaves no doubt that the same 
minerals, at their corresponding positions,· were deposited contempora-
neQU.sly, and that the filling must have progressed from the walls inward, 
i.e., to the center of the fissure. The why and wherefore cannot yet be 
anlSwered satisfactorily. 

Att€mpts have been made to explain the filling of fissures by the 
action of electric currents; but it seems more probable that those cur
rents, which really do exist in lodes, are not the cause, but the ,result 
of their formation. 

SEARCH FOR LODES. 

In searching for lodes, it is undoubtedly best to simply follow the 
teachip.g of sound judgment, combined with empirical and other knowl
edge. 

Should the gangue-rock be harder than the surrounding" country," 
offer more resistance to atmospheric influences, the aspect of a hill or 
ridge will often reveal the desired point at a glance. Apart from ·this 
very convenient method of prospecting, inquiry should always be made 
whether at any time mining operations had been carried on in the dis
trict being prospected; if so, the strike of the lodes then discovered
if ascertainable-will always afford a valuable hint to the prospecter. 
If it is an entirely new country to mining-industry, the experience 
gained upon former occasions must be applied to decide whether it may 
look '~promising" or not. Valuable and time-saving is the custom of 
examining the sand of rivers and creeks, because any mineral found in 
this sand must necessarily occur exposed at some point above the one 
where it was first observed. Not having obtained any satisfactory 
results from this process, an examination of the rocks in position, as far 
as they are exposed, can be undertaken. The color of the soil must be 
observed, if possible, as sulphurets and iron ores mostly produce a red; 
copper compounds, a greenish color. Vegetation is an important indi
cator for the prospecter. If it is particularly luxuriant along certain 
limited areas, or the reverse, it may lead to valuable discoveries. In 
prospecting for salt and similar compounds, the character of the vegeta
tion is of the greatest aid. _ · 

After having found any mineral that may have the appearance of an 
ore, it becomes necessary to recognize its nature, and, if it is decomposed, 
the nature of that from which it resulted. .An old plan in prospecting· 
~country where veins are supposed to exist is to sta'rt from any point 
where a piece of ore has been found in two directions at right angles 
with each other, whereby every lode within the one-half of the circle will 
be crossed. In a country where mining has been, or is still, carried on, 
it will be of use to make the examillation while traveling at a right 
angle to the usual strike of the lodes. 

When the presence of the lode bas been established, it must be fol
lowed up, and here frequently the skill of the I?rospecter is subjected to 
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severe tests. If the gangue-rock is sufficiently hard to preserve its out
crop, or if the ores stain the soil, it becomes a comparatively easy task; 
but when all traces of this kind are obliterated, .he must resort to 
uncovering the lode, unless, again by means. of the appearance of the 
vegetation, ]l,e can follow it up. It has been mentioned above that 
excavations, &c., serve to collect the percolating waters; and although 
the fissure may be filled, it will, as a rule, retain this quality. to some 
extent, so that, in a dry country, trees growing immediately upon the 
lode will frequently show a more lmrious development than . their 
neighbors. 

For nearly horizontal veiJ.?S and beds, boring is of importance, but 
sometimes impracticable. 

Prospecting in our western countries is combined with Romany hard
ships and dangers that great credit is due to those men who spend 
years of their lives in seeking fox and developing the mineral wealth of 
their adopted home. 

PART I. 

In Gilpin County, the mining locality is found within a radius of about 
three to four mile~, starting from Central City, and is distinctly limitable 
at a glance by the perfect bareness of those hills in which the precious 
metals are contained. Approaching Central from the east, through 
Clear Creek Canon, anum ber of rounded hills are seen to the left-higher 
ones to the right. Not a particle of timber remains on those that have 
been prospected over ; no low vegetation has had time to develop. 
Black Hawk, at an elevation of 7,543 feet, Mountain and C~ntral, of 
8,300 feet, are seemingly one co~tinuous town, although provided with 
three city governments, located in Eureka Gulch, with mines on every 
side, ev~n in the very centers of the towns. _ Westward of Central, seve
ral hills are located; also containing a number of~1odes, some of which 
are being worked. On all sides, this comparatively smalL mining dis- · 
trict is surrounded by higher mountains, densely wooded, in which 
every now and then an isolated lode is found. The geognostic features 
in the immediate neighborhood of the mines are somewhat difficult to 
determine with accuracy, owing to the great displacement of rocks that 
has been occasioned by the search for lodes. ThrQughout the: 'Vicinity 
of this mining locality, the main rock is a gneissic ene, showing num'erous 
changes and varieties, of which Mr. !tiarvine speaks "'more fully in his 
report upon the geology of that section. In the immediate vicinity of the 
mines, however, the rock is granitic, Eometimes changing into ~hat vari
iety which has been termed .aplyte, composed only of orthoclase and 
quartz. Mostly, it is coarse-grained, inclined to separate in stratoid por
tions, and yields readily to the decomposing action of atmospheric 
influences. -

The accompanying geological map* (Plate I) will explain the dis
tribution of the granite. Beginning at the summit of Quartz Hill, it 
extends eastward, keeping a little to the north, with the connection 
broken only at one point, until Running Hill is reached. Composing 
the main or entire portion of the small intervening hills, its limit south
ward is defined by their own, on the north mainly by the gulch. This 
granitic area is superficially entirely isolated from any other, having a 
main longitudinal direction of almost due east and west, a little north 
of west. On Procer Hill, granite is again found, having the same strike, 

*The drainage has been taken from the map published in Mr. Hague's mining report, 
and also the roads, besides some of the lodes, the location of which corresponded with 
mine. · · 
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pointing toward some small outcrops of it · on CtlvSto and Bates Hills. 
North of the Winnebago mine, it crops out; also west of it, and east of · 
the Bates lode. How far it extends westward from the summit of Quali·Z 
Hill, I am unable to say; probably not far, however. This is the extent 
of the granite, and it will be found that within its limits, or in portions 
immediately contiguous, the greater number of the lodes are located. 
Porphyry crowns the top of Quartz Hill, :Mammoth, Gregory, and Bob
tail Bills, occuning besides in a dike on the western slope of Running 
Hill, on Procer, and in a large dike north of Procer. Drawing a line 
from the ~mmmit of Quartz Bill to that of Bobtail, it will be found to 
run parallel with the main strike of the lodes, parallel with the longitu
dinal axis of the granite-in other words, the porphyritic outflow bas 
a strike parallel tD that of the gra.nit.e; and both are parallel to that of 
the lodes. 

-Hornblende-rock oecnrs in dikes having an approximate strike of 
north to south, composed of oligoclase and hornblende, associated with 
epidote and garnet. Several, from three to twenty feet in -thickness, 
cross Gunnell Hill, one extending across to Kansas Hill, and one crossing 
Procer. Lithologically, the rock formipg these dikes is diorite, although 
it undergoes a series of modifications. · 

On Plate II, a number of sections are given that will explain the rela
tive· position of the three form~tions occurring. Section A runs from 
Quartz Hill to Running Hill, almost east 20° north. Chimne;ys of por
ph;yry break through the granite at four points along that se~tion, 
always forming the summits of small hills. Probably, without any 
deep-reaching separation, the granite continues in narrow line for more 
than three miles. Small patches of gneiss are found every now and then, 
but are merely superficial. As this section runs parallel to the strike of 
the lodes, none are cut by it~ with the exceptionof a small one on Run
nirtg Hill, that occurs out of course contact between porphyry and the 
granite. Section B runs almost north 50 east from Gregory Hill to Bates 
Hill, cutting the :Mammoth, Gregory, Briggs, Bates, and Mack. Mam
moth, and probably Gregory, as soon as it goes deeper,run in granite only, 
while the remaining three are contact between gneiss and granite. 
Section 0 shows the :Mammoth on .Mammoth Hill, where it has become 
contact, while it is not farther east. Section D has a course from south 
to north, ;runnjng through Bobtail Hill, cutting the lode. Porphyry, sur
rounded by granite, forms the top of the hill, while a portion of gneiss 
comes in toward the north, and between this and· the following granite 
the Bobtail is contact. Section E runs from south to north, starting 
from the eastern slope of Quartz Hill and continuing over across Gun
nell, cutting in its course the Kansas, V\t~hiting, and Gunnell. The Kan
sas is contact between granite and gneiss, while the rest run entirely 

. in gneiss. 
On Procer Hill, the granite is of a light yellow to white color, coarse

grained, with yellowish orthoclase, white quartz, and black mica, and 
this character may be ~ taken as a type. Throughout the district the 
granite contains small crystals of magnetite, the largest of which are 
found on Gunnell Hill, almost an inch in diameter. On this hill the 
granite assumes a more gneissic structure, which it shows at no other 
point to that extent. On Qua.rtz Hill, and from there eastward to Run
ning, its character remains almost the same as well in mineral con
stituents as in structure. Sometimes the line between it and the gneiss 
ts distinctly marked along the sides of gulches-particularly so on Kan
aas Hill-but oftener it is obliterat.ed. Slight variations of composition 
bl'e shown by the porphyry, which must be classed among the quartzose. 
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The well-known crystals of orthoclase, both simple and Carlsbad twins, 
from Gregory Hill are contained in the porphyry that forms its summit. 
On Bobtail Hill it has a greenish to maroon color, containing smaller 
crystals of orthoclase and numerous small crystals of pyrite. At the 
dike, on Hunning, it is more compact, of a brown color, containing. in 
the microcrystalline paste, very small particles of hornblende. Differ
ent from these is that on Procer, very compact, with a large percentage 
of quartz-; it bas a light-yellow .to flesh-colored tint. 

The gneiss of the entire region is of one type, although numerous 
varieties occur. l\'lostly it is finely laminated, of a bluish color when 
fresh, brown when decomposed. Blac~ mica accumulates at some 
points, changirtg its character into that of a mica-schist. Neither in any 
of the gneiss or the granite is ·magnetite wanting. With reference to 
the relation of lodes to these formations, it may be said that they are 
extremely simple, being contained either in the gneiss or the granite, 
if not forming contact-veins between these two, and again found 
between granite and porphyry. Quite a number of them are contact
veins-sometimes only for a portion of their entire length, as, for instance, 
the Bates. Harely can the fact of their being contact-veins be deter
mined on the surfac~, ,only a few cases having been observed in which it 
could be done; but, by carefully observing the walls of a lode, the re
spective formations to which either one belongs could mostly be ascer
tained. Upon the strike or dip of the lodes, these various circumstances 
seem to have had little or no effect; neither have they, within certain 
limits, changed the character of the ore. Although it might Reem 
possible or even probable, the porphyritic eruptions have produced 
no noticeable change in the lodes of ,their vicinity, unless it might be 
regarded as an effect of this kind that those lodes found in immediate 
proximity t~ the porphyries generally yield lower returns in bullion than 
others farther off. 

Two main systems of lodes are found here, those belonging to the one 
striking almost due east and west, the others about northeast to south
west. Of the two, the former are the most numerous ; to the latter 
belong the Fisk, Gregory, Bates, Leavitt, Prize, and a few small lodes. 

~ No distinctions from a mineralogical point of view can be made, neither 
is there any constancy noticeable in the mode of occurrence of these 
veins. Contrary to my expectations, the mineralogical character of the 
ores was found to be a very uniform one, showing little variation in, the 
number and species of minerals composing them. But one interesting 
fact was observed, that in the more or less central portions of that 
mining district the lodes showed but very little blende and galenite
mostly pyrite and chalcopyrite. If an elliptic line is drawn, inclosing 
just within it all the principal mines of this section, it will be found that 
the J. P. Whitney, the Forks, Running, and Dallas are nearest or on 
that elliptic line, and these lodes are all worked for lead and silver, con
taining galena and ·blende as their principal ores. A limited number 
of workable gold-mines are situated outside of this circle yet, but those 
upon which t.he mining enterprise is chiefly based are within. 

Disturbances-dislocations-are very rarely found in the lodes of this 
region; scarcely even any material deviations from the dip.* Only a few 
of the lodes slope over 100; as a rule they are very nearly or quite ver" 
tical. Hamifications occur quite frequently, more so toward the west 
end of the lode than at the east-a feature which was observed in a con-

*A deflection from the usual course takes place on the eastern slope of Gunnell Hill 
where a dike of garnet and epidote rock crosses it, in consequence of which three o: . 
four small veins near it were formed that have a course about north 100 east. 
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siderable number of mines. As an average width for the lode be 
tween walls, about 4 to 6 feet might be given, although some of them 
widen out to nearly 30 feet. 

Taking all these observations and facts into account, we may be able 
to arrive at some conclusions regarding the formation of these lodes. 
Von Cotta says,* '~It is still most probable, as von Beust in his criti
cism of ''T erner's theory has clearly shown, that the majority of lode
fissures have been torn asunder by concussions caused by volcanic or 
plutonic activity; or, in other words, by volcanic or plutonic earth
quakes." In applying this sentence to the case now under consider-· 
ation, it beeornes necessary to inquire into the geological nature of 
the formations involved. 'The crystalline gneiss is probably the oldest 
rock in that section of Colorado, while the granite and porphyry are 
younger~ A simple metamorphosis, a remelting of some one or the 
other portion of this gneiss at a comparatively shallow depth, would 
undoubtedly produce the effect of a" plutonic earthquake,'' whereby not 
only the fissures could have been formed, but the granite have become 
eruptive. Subsequent disturbances from the same direction may have 
produced the parallel fissures in the granite, while the eruption of the 
porphyry seems to have been accompanied by very slight or no such 
demonstrations. Besides the great uniformity among the lodes per se, · 
the similarity shown in the character of the ores within certain limits 
of locality speaks for a common origin of almost all the vein-matter and 
ore contained within those certain limits. Although the lodes on the 
outer edge of the district vary in the character of their ores from the 
others, t.his may still not justify assigning to them an age very widely 
separate<). either before or after from the latter. 

As ore, mainly pyritez chalcopyrite, galenite, and sphalerite . are 
found in this district, and m a few isolated points argentite. Experience 
has shown that the chalcopyrite and the finely-disseminated pyrite 
yield the best production of gold, while galenite and sphalerite contain 
silveri· the massive pyrite, how·ever, only small quantities of gold. Fre
quent y bands and veins of this pyrite occur more than a foot in thick- ' 
ness, but, as a rule, from two to six inches. 

Toward the surface, the ores decompose through the action of atmo
spheric influences partly, partly through chemical agents. The result 
of this decomposition js usually termed '' surface-ore," and contains, in 
contradistinction to the ores of lower depths, its gold as free gold. Pyrite 
loses its sulphur, as also does the chalcopyrite, and more slowly sphale
rite and g·alenite, and either oxides, carbonates, or suJphates are formed. 
From the fact that so little native gold is observed, even with diligent 
~earch in the deeper portions of lodes that on the surface show or 
showed it in considerable quantities, it might seem possible that the 
gold was contained in the original ore as a compound, and became free 
through the action of decomposing agencies. Thus far, no experiments 
that may have been made afford any proof"that such a compound of gold 
should exist, although circumstantial evidence points very strongly in 
that direction. It is a question that would require for its answer, by 
means of chemical investigation, the most subtile manipulation, unweary
ing attention, and a large, judiciously selected material. 

In speaking of the various lodes and mines in the following pages, 
only those shall be spoken of at any length with which I have become 
personally acquainted by one or more visits. No further attention was 
paid to the names of individuals or companies owning the mines, as they 

*Ore Deposits, t ranslated b y F . Prime,jr., 1870, p . 65. 



284 GEOLOGICAL SURVEY OF THE TERRITORI ES. 

ma.y change hands, while they will not often change their names. 1\:Iin
ing enterprise in the region of Central City is comparatively old, and the 
more celebrated lodes and mines are well known. Beginning with the 
main veins of t he sysrem, striking about northeast to southwest, the 
central portion of the rest, aru:l afterward the outside Qlles will be 
treated of. 

The Fisk lode, located on the northern slope of Bobtail Hill, was not 
· being worked at any point during my stay, so that no reliable data 
could be obtained. It has a strike of east 370 north, with an almost 
vertical dip. Approximately pa~allel to it, a short distan.c.e wa-:.t, run 
the 1\'Iilwaukee anti Devil's Grip, two small veins. 

The Gregory lode was not worked at .the time. Situated on the 
northern slope of Grego.ry HHI, ·with a strike of east 45° north, it i~ the 
first one that was discoYered in this region. It strikes the Briggs lode 
down in the gulch, and has been found at a depth of 250 feet, where it 
is known as the Gregory extension , and worked. At that point it is a 
contact-vein, having the east hanging wall of gneiss; the western, 
granite. By virtue of a dip of 300 -to the ea.st, it diverges from the 
Briggs, which it strikes. It is here tha.t the case of a slide to the east
ward occurred, alluded to above, by which the vein appears of varied 
thickness. Some disturbance has taken place here, probably occasioned 
by slides of the ore-wall, ·whereby fragments of the granite and gneiss 
both have been thrown into the gangue-material, and are now cemented 
together by white quartz. The ore-bearing vein is somewhat irregular 
at the point where it was exposed-ramifying, connecting again, send
ing off a number of spurs and· shoots, and keeping a wavy course. Of 
the wa.Us, the hanging wall was well defined ; the foot wall more broken, 
with gneissic fragments resting upon it. 

The Bates-Hunter lode begins on the northern slope of Mammoth 
Hill, runs through Mountain City, and is finished on Bates Hill; strike 
east 430 north ; dip almost vertical. Neither of the two mines on that 
lode were in operation during May, although I am informed that the 
Bates took up work again. The Bates is partly a contact-vein. 

Leavitt lode is located a ~hort distance west of the Bates-Hunter, 
having a strike of about east 400 north, and is the last large vein of that 
northeast series. This vein is one of the best developed in the district, 
and yields an abundant supply of ore. Very little variation from the 
verticaLis shown in the dip, and also the course of the vein is quite 
regular. Well-defined walls border the vein on either side, consisting 
of granite on ithe north wall, gneiss on the south, to a depth of 150 
feet, where gneiss comes in on both walls. The distance between walls 
at a depth of 250 feet is between 4 and 5 feet, varying but little from 
the surface down, but seeming to increase, however, with depth. 

Pyrite and chalcopyrite compose the main portion of the ore, a vein 
of the former two feet thick being found at one place, w bile the latter 
is distributed throughout the gangue-rock' in small particles and masses; 
at times intimately associated with the pyrite, again occurring free from 
any admixture of it. Galenite and sphalerite occur very sparingly, and 
may not be regarded as ore. The gangue-rock is composed of quartzitic 
and feldspathic particles, more or less compactly agglomerated or ce
mented. Sometimes large pieces of quartz will occur, thereby render
ing penetration difficult for the drillers. Although the arrangement of 
minerals between walls shows some regularity, there is no symmetry 
about it. (Plate IV.) In this mine the following minerals were found: 
pyrite, occuring massive and in small pentagonal dodecahedral crys
tals; chalcopyrite, massive; sphalerite, in narrow seams, running through 
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the quartz; galenite, in little cubical crystals, contained in thegangne-rock 
as a matrix; quartz, as vein-matter and in small crystals; orthoclase
feldspar, partly decomposed, forming caolinite, found in the gangue, 
and delicate flakes of a white talc also contained in the gangne. 

It is stated that during the month of lVIay, 1873, 745 cords of ore were 
hoisted fr.om this mine at 8 ounces per cDrd. A cord is between 7 and 
8 tons. 

With the Bobtail lode we commence the seeond series of veins, 
stnking approximately east and west. This lode is located on the north
ern slope of BDbtail Hill, which was named after it, and bas a course of 
.east 8° north. A number of claims· have been taken up on the same 
lode, so that it is necessary to mention· ·that the mine on this lode that 
will be treated of in the following pages i8 that owned by the Bobtail 
Gold-Mining Company. At the western end of Bla<;k Hawk, a tunnel 
has been driven into Bobtail Hill in a southerly direction, intending to 
strike the vein, which was accomplished after driving something over 
1,200 feet. At the point of intersection, the shaft had reached a depth 
of 480 feet, and was then sunk farther. The vein runs between granite 
on the 'south side and gneiss on the north, and is, therefore, a contact -vein·. 
Possibly the gneiss on the northern side may not extend down to any 
very great depth, because its outcrop is isolated, in which case granite 
would supply its place. A dip of 15o to 200 to the south was observed 
at the lowest level, while higher up it seemed to become almost vertical. 
The distance between w~..lls may be. given from 1 foot, where tbe vein 
sends out shoots or ramifies, to 5 feet. Very clean and well-defined 
walls are found separated from immediate contact by the characteristic 
narrow clay selvage. To the west, the vein continues b.eyond the shaft 
of this mine in a regular course, while it spFts tDward the east. 
Whether this split, that had reached a width of ~bout 18 feet in one of 
the levels during my visit, will continue, or whether merely a "horse" 
comes in, could not then be determined, but the latter seemed more 
probable. With the exception of this case, great regularity in every 
feature characterizes the Bobtail vein. Small spurs, from the thick
ness of a sheet of paper to several inches, separate from the main vein 
and enter either wall. 

The ore . is, as in the preceding instance, pyrite and chalcopyrite, 
massive quantities of the former having been found up to 9 inches in 
thickness ; of the latter, of several inches. A partly symmetrical 
arrangement can be noticed by observing the diagram taken at a depth 
of 520 feet across the vein. (Plate III.) Pyrite occurs on either side of 
the vein, next to the wall, separated. from it by a narrow selvage, then 
scattering quantities of chalcopyrite and isolated threads of sphalerite 
and galenite are found, until the middle again is formed by a thicker 

. band of pyrite. 
Of minerals, the following were found: Pyrite and chalcopyrite, mass

ive, and the former in crystals-rarely, however, in cubes; spllalerites, 
in crystalline threads; galenite, dispersed either in threads or small 
crystals; mispickel, massive, with pyrite, or in small crystals on quartz; 
gold, showing crystallized faces, on quartz; composing the gangue-rock, 
gray and white quartz, a pink, yellow, and white orthoclase, pa,rtiaHy 
decomposed: flakes of talc and clay in the selvage. 

As the Bobtail mine is one of the deepest in the cent ral mining
region, a trouble that is not yet e:xperienced to any extent iu mines 
of less depth occurs here. It is the accumulation of water, which has 
been very efficiently overcome by means of a pump supplied with a 
movable suction-hose, which has been placed in the second lowest level. 
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Mining is carried on pretty much upon the same plan of working 
throughout this section ; therefore mention will be made of it only in 
concluding the first part of this chapter. 

The Briggs lode is situated between Gregory and Bates Hills, in the 
gulch parallel to which it strikes, having a course of about east 30 
north. It is a contact-\ein, having the granite of "Gregory Hill as a 
south wall, the gneiss of Bates for a north wall. · Between walls the 
distance is about 4 feet at the surface, gradually increasing with depth, 
so t,hat at 545 feet it is 11 feet wide, while a little higher up it bulges 
out to 27 feet. This considerable lateral extension, however, is owing to 
a number of gneissic" horses'' that occurred there, causing a splitting ancr 
widening of the vein. Although not disturbed to any extent, the walls 
appear rough at some places, which is due to the fact that at some 
points there seem .to have been dislocations at one time, whereby por
tions of the wall were broken, and cemented again by quartz. .i\.s a rule, 
it may be said that the south wall is smooth and of a good character. 
Dislocations of the vein are very rare, scarcely even \ariations in the 
almost vertical dip being noticeable. 

Pyrite and chalcopyrite, as usual, form the bulk of the ore, with 
sphalerite and galenite as accessories. At the depth of 545 feet, a vein 
of massive pyrite 4 feet in thickness was found. Quartz and feldspathic 
minerals, together with fragments of granite and gneiss, form the gangue
rock. lVIinerals found are: Pyrite and chalcopyrite, the former also 
incrystals; galenite, sphalerite, gold, dolomite, quartz-crystals in small 
cavities; quartz, feldspar, and mica in the gangue. The owners of this 
mine are the Messrs. Briggs, one of whom, Mr. G. Briggs, · kindly fur
nished me with some data regarding wages and contracts that will be 
found at the end of part 1. 

The Mammoth lode, beginning on Gregory Hill and running across 
westward on 1\fammoth Hill, has a strike of about east 100 north, show
ing a curve toward ·the north. A connection between the Bobtail, 
J\1ammoth, and Illinois has been supposed to exist, and may exist, but 
not sufficient proof has yet been produced to substantiate the supposi
tion. The very similar character of the ore and the percentage of gold 
decreasing westward might speak for such a connection. On Gregory 
Hill this veiri runs in granite, coming up very near to the porphyry; 
while on Mammoth Hill it becomes a contact-vein. between granite on 
the south and gneiss on the north wall. Along its entire course, the width 
of this vein between walls is considerable-between 20 to 30 feet-con
taining large quantities of pyrite, with some chalcopyrite, too poor in 
gold, however, to pay working at present. Its dip is almost vertical, 
and the walls seem to be clean and well defined. 

The Winnebago lode, opposite the lVIammotb, on the north side of the 
gulch, located on Casto Hill, has a. strike of ~bout east 4° north. Gneiss 
on the south side forms the hanging-wall, while granite borders the vein 
to the north. Clean walls, at some places almost of a polished appear
ance, characterize this contact-vein: dip to the south of about so-12o, 
varying at different depths, strongest at the top. A shaft has been 
sunk down on the vein, first inclined, then vertical, following it in its 
course, . and the depth reached is 350 feet. Between walls the lode is 
from 3~ to 5 feet thick. Near the western end of the Wjnnebago claim 
the veiu seems to split; but as it does not split into two equal halves, 
and the continuation of the vein can be traced westward on the surface, 
there is reason to believe that this lode connect13 with Casto, which is a 
little farther west, running thro\lgh granite and gneiss, partially being 
contact between the two. 
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Following the example of the main lodes of thif} region, the chief ore 
is pyrite and chalcopyrite, as seen in Plate III, but galenite and spha
lerite begin to make their appearance in more connected quantities. 
Quartz and feldspar compose the gangue-rock. Wherever granite forms 
the one wall of a lode, the feldspathic compounds appear in greater 
quantities in the gangue than in other formations, or even in such where 
the granite is bard and fine-grained. In that case the gangue is mostly 
quartz alone, or the ore-veins are found to traverse the granite itself, 
without any younger formation of gangue-rock appearing. 

Of minerals, only the four mentioned above are found, besides native 
gold. Pyrite occurs here in cubical crystals as well as in dodecahedral. 

The Gunnell lode is situated on Gunnell Hill to the west of Cen
tral, and bas a strike of about east so north. It has been one of the 
most productive veins of that region, and is supplied with a number of 
shafts, the levels driven in the different claims mostly connecting under
gronnd. Of those claims locat-ed on this lode, the following were vis
it-ed: Gunnell, Pippin, Coleman, and Peers. The latter bad not reached 
a depth of more than 120 feet at that time, and nothing but surfac&ore 
was obtained, while· the shafts on other claims bad. been sunk much 
deeper. · The peers varied from 4 to 5 feet between walls, with a body 
of ore 6 inches to 2 feet thick, mostly decomposed pyrite. 

On the Pippin claim, the shaft has reached a depth·of about 415 feet, 
and a number of levels have been worked out on either side. Along 
its entire length, the Gunnell runs in gneiss, modified somewhat in tex
ture and structure, so as to be termed a granitic gneiss. It has clean, 
well-defined walls, with a slight dip to the south, varying in different 
-parts of the mines. A number of small veins, from mere seams up ·to 
more than half a foot, run into the main vein, in two instances travers
ing it, but apparently extending only a short distance on either side. 

Scarcely any difference can be observed in the character of the ore 
from that of other mines previously described, except the presence of 
gTeater quantities of chalcopyrite. Pyrite has a tendency to accumulate 
in long sheets in several horizons throughout the vein of the Pippin 
claim, which measures, on an average, 4 feet in thickness. As usual, the 
gangue is composed of quartz, having, however, far less feldspar 
than in those veins that are in contact with granite. 
. Of minerals, the following were found in this mine : Pyrite, chiefly 
massive, otherwise in cubical crystals, in distinction to the more cen
trally located mines, where they are dodecahedral; chalcopyrite, sphal
erite, galenite, melaconite, (as a result of the decomposition of chalcopy
rite,) quartz-crystals, and native gold. In the gangue, quartz, feldspar, 
and some talc were contained. 

A shaft of about 250 feet in depth bas been sunk on the Coleman 
claim, to which almost all the characteristics given for the Pippin will 
apply. Between walls, the vein is a little thicker here than in the Pip
pin,averaging from 5 to 6 feet. At a depth of 240 feet, a cross-section 
of the vein was taken, which can give an idea of "the distribution of the 
ore, (Plate III.) On either side, nearest to the wall, is a very consider
able segregation of pyrite, intimately associated with chalcopyrite, and 
interspersed with grains and threads, even small massive quantities of 
sphalerite and galenite. Next to that, toward the center, quartz sets 
in-a light-gray to white quartz-containing, disseminated all through it, 
numerous small particles, mainly of pyrite, but also of the other miner
als occurring. In this mine there is but very little dip noticeable in 
the vein, which is bordered by clean walls. Its minerals are identical 
with those of the Pippin. In aU its parts, the Gunnell shows a very 
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great uniformity, which can be very well noticed, as it is conveniently 
opened to some depth at a number of points. 

The Grand Army mine, l0cated west of Gunnell, with a strike of about 
east 220 north, may be ouly a spur or , portion of the deflected Gunnell 
lode, although the connection has no~ been traced thus far. 

The .Prize lode, located to the southwest of Gunnell, at one time en
joyed a considerable reputation, but was not working, however, while I 
was thera Its strike is so mew hat out of course, being east 320 north. 

Crossing Ne"tada Gulch, and traveling over southward, we reach 
another locality that abounds in lodes, some of which are quite large, and 
have proved remunerative, while others have been-perhaps temporarily
abandoned. This locality is Quartz Hill) so named from the numerous 
little quartz crystals that have been and are still found there in the de· 
composed granite. .A long, narrow bill, it stretches along, sloping off 
gently from west to east, more st-eeply on its two sides. Where the 
steepest ascent from the north has been completed, where the gneiss 
stops and granite sets in, there we find the first vein-the Kansas lode . 
.As most others, this lode is divided into a number of claims, owned by 
vatious individuals and corporations. It is mainly of the claim worked 
by the Kansas l\1ining Company that I shall speak Taking the entire 
Kansas lode, its course-is about east 30 north, until it deflects about so 
southward, near the Waterman shaft . 

.Along its entire course it is a contact-vein, between gneiss on the 
north and granite on the south side, keeping a tolerably even thickness 
of the vein, but varying in the angle of the southerly dip from 100 to 
300. The thickness of the vein is between 3 and 4 feet, with a good 
body of ore, which receives and sends out quite a number of shoots from 
and into either wall, wh~le som~ cross the main vein; and in this case 
the intersections prove, as a rule, to be richer than the other portions. 
Converging in one direction are the Camp Grave, (which joins the Kan
sas as Waterman shaft,) the Kansas, and the Burroughs, but whether 
they actually do come together: and form one strong vein-what miners 
would term a'' motber-lode"-seems doubtful. Near the eastern end of 
the Kansas, ·Tascher's claim is located, with a shaft of 90 feet in depth, 
just about having gone through the surface-@re and reached the unde
~mposed material. The vein is 4 feet to 5 feet wide here, with a south
ward dip of about 12o, still continuing on eastward. West of Kansas 
claim is the Waterman shaft, which dips at about 20° to the south, re
taining its character as a contact-vein. 

1\-finerals found in the Kansas are identical with those from the lodes · 
previously spoken of, the only difference being that the en bical form is 
almost exclusively the only one for pyrite. Sphalerite begins to grow 
a little more abundant than it was in the central portion of the· mining
region. The ore of this lode is said to yield good pay, containing an 
appreciable quantity of gold. 

South of the Kansas, running almost parallel with it, is the Monte 
Cristo Lode, having its course entirely in gneissic granite, striking east 
70 north, with the dip almost vertical. A number of small veins, of in
ferior thickness, come in to the main one from the southeast. About 
90 feet west of the shaft, the vein splits into two of so mew hat unequal 
size, which seem toTemain separated, the gap between them widening 
with increasing depth. . Two hundred and ten feet the shaft has been 
sunk, and at that depth the vein is found to concentrate its ore, which 
is more loosely distributed througJ;t it higher up into a body of pyrite 
and chalcopyrite 9 to 10 inches thick. The ordinary width between walls 
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is 3~ t~ 4 feet. The minerals of this mine do not vary from those of the 
others, either in relative quantity or mode of occurrence. 

South of the Monte Cristo are the Gardner and Illinois, of a little 
more northerly strike, neither of which was worked during my stay. 
The distribution of the precious metals seems to vary constantly, and 
thus far science has not been able to produce a guide whereby mistakes 
can be avoided in the appreciation of the relative or absolute value of 
ore from lodes contiguous to those yielding good profits. In no branch, 
perhaps, is a want of this kind ' so keenly felt as in mining, where experi
ence must always be bought at a high price. Upon a large number of 
lodes in the district at present under consideration, large sums of money 
have been expended, but the owners or workers were obliged to aban
don them-temporarily, it may be hoped-for some pursuit more re
munerative. The .Alps lode, to the soutlr'ivest of the Illinois, is reported 
as having been doing very well some years since. . 

Besides the mines that have been enumerated here, quite a number of 
small ones are in operation, o"nly presenting features that would essen
tially repeat those given above, or possessing no further interest. On 
the other hand, a considerable percentage of the more important 
mines were closed during the short time of my stay, partly on account 
of the inability of owners to resume work, partly on account of the 
spring-waters filling the levels and shafts, so that the facts given of the 
gold-mines of this section, taken as a whole, must necessarily be incom-
plete. · 

There yet remain to be treated of, five lodes belonging to this region, 
located on the outer edge of what might be termed.the lode-circle. 

The Forks lode, situated on Quartz Hill, in the immediate neighbor- . 
hood of the California, Mercer,~and Flack, bas a strike of east 10° north. 
Gneissic granite composes the walls on either side, which are smooth 
and well defined, the banging one dipping about 25o to the south. .At 
present the working-shaft is 250 feet distant from the discovery-shaft, 
located on the line of intersection of the Helos with the Forks, on which 
it remains down through its entire depth of 517 feet. Keeping on reg
ularly in its course, the Forks shows very little deviation either in direc
tion or in thickness of vein between walls; the thickness is a pout 5 feet. 

Both the Forks and Helos are galena veins, and have as such afforded 
already a large quantity of ·that mineral, ·but the main reliance for re
muneration is upon the silver contained therein. To some extent only 
has the Helos been worked, as the Forks showed a larger body of ore. 

OJ minerals, mainly galenite and sphalerite are found, mixed with small 
amounts of pyrite on chalcopyrite. Galenite occurs; from the very fine
grained feathery variety to the coarse-grained breaking in cubical 
fragments. .Argentite is contained between the single crystals of the 
lat,ter. Of a similar character is the J.P. Whit~ey, although scarcely 
developed sufficiently to admit of any opinion. This also is a galena
Yein, showing at a depth of 50 feet a body of galena 12 inches in thick
ness, with other portions of the same mineral at either side of the walls. 
(Plate IV.) Pyrite and chalcopyrite occur as ores, and yield a small 
amount of gold; but silver is the main object for mining here; strike is 
east 120 south. Besides galenite, sphalerite, pyrite, and chalcopyrite, 
we find small quantities of argentite and cerussite. 

The Dallas lode is located on the eastern slope of the hill immediately 
north of Black Hawk. It has been worked quite extensively, and the 
vein can be traced along for nearly 1,000 feet. Contrary to the usual 
course, it strikes a little south o{ east; the exact number of degrees could 
not be determined by the compass on account of strong local attraction. 

19 G S 
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A southeasterly -dip of about 15o to 200 is noticeable. The thickness 
of the vein between walls varies from 6 to 10 feet along its line of 
exposure as well as going down deeper. Galena, mostly of the fine
grained variety, forms a ~arge body of ore in the vein, associated with 
sphalerite and some pyrite, while the gangue-rock is made up of quartz, 
with a small amount of calcite. At this point, the sulpburet of cadmium, 
greenockite, was found in a specimen of sphalerite, which bad been 
thrown out on the dump several years since. In no other mine or other 
dump was this mineral found, although search was made for it. Besides 
the minerals mentioned above as occurring, there is chalcopyrite and 
cerussite. 

The Running lode is the last one of these galena lodes, and is situated 
on Running Hill, southwest of Black Hawk. Its course is almost due 
east to west, with a vertical dip. For 700 feet the vein has been traced 
and partially worked, reaching a depth of about 100 feet. Single 
streams of galenite are distributed throughout the vein, (Plate IV,) 
running parallel to its walls, but toward the west they seem to consoli
date into one mass, forming a galena-vein 14 to 15 inches in thickness. 
Sphalerite occurs quite abundantly; less so pyrite and chalcopyrite, 
which are both found in thin seams, or dispersed throughout the 
gangue-rock. . This latter is composed mainly of quartz, with some feld
spar and magnesite. 

These four lodes are perfectly isolated in their character as well as in 
their position from all the others, and, although they show but little 
deviation from the ordinary strike and dip of the others, their occur
rence seems out of the regular orde.r of things. In explanation, if one 
were desired, the view might be offered that, provided heat was ever 
one of the agents in forming those lodfls, those metals requiring a lesser 
temperature for volatilization are now found to be removed farthest 
from the center of the vein-system. 

Another lode that has. become famous for its production in quantity 
of a mineral thus far regarded as a rare species is the Wood lode, sit
uated to the north of the creek in Leavenworth Gulch, also outside of 
the regular vein-circle. With both walls of granite, it strikes about 
east 3° north. When I visited it, the shaft was full of water, and it 
was impossible to get access. Besides producing the unparalleled yield 
of pitchblende, it is said to pay well in gold; but as I have no reliable 

· ~data with reference to the mine at all beyond the fact that it contained 
and probably still contains pitchblende, it may · be justifiable to stop 
here. · 

It remains to be said, with reference to the minerals found in and 
belonging to the various lodes, that, almost without exception, pro
ducts of decomposition may be collected on the dumps; for instance, 
pseudomorphs of limonite after pyrite, sulphates of irori, copper, and 
zinc, and others. A portion of the soluble sulphates is carried off by the 
waters washing down the hills, and transferred thereby into Olear Creek, 
which carries them in solution for a long time, and evidently does not 
deposit them until it reaches the plains. I have observed that if some 
of the deposit of Clear Creek was taken at Fisher's ranch, which is 
only five miles from Denver, and rubbed on a bright iron or steel knife
blade, after having been slightly moistened, metallic copper would at 
once be deposited on the blade, owing to the sulphate of copper, which 
had been carried down for about forty miles and deposited at that point. 

After having examined the greater portion of the main lodes of this 
district with a view to determining their correlation as well as tl;leir 
persistency, the deduction seems justifiable, based upon · the observed 
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features of numerous veins, that practically their depth is inexhausti· 
ble; that they are what is popularly termed true fissure-veins, althoug-h 
their yield of the preoious metals may fluctuate. All observations of 
strikes, &c., have been g-iven in the true, not mag-netic, meridian, allow· 
ing 15o deviation for the reduction. Local attraction is very strong at 
times, and the best way of getting the true course was to locate the 
lodes on a map prepared for field-use. 

When first that mining-region became known, a great deal of gold was 
obtained from the gulches, where it had accumulated for ages; but, 
although gulch-mining is still carried on to a small extent, practically 
that source for obtaining ~he preciou~ metal has. ceased. It follows 
necessarily that, with the decrease of the production of gulch-gold, 
the mining industry will rise, provided the veins are sufficiently rich to 
be remunerative. · That this is the case is demonstrated by ·the fact 
that quite a number of mines have been in operation now for several 
consecutive years. Were it .not that reported discoveries of new min
ing-districts, more prolific than those occupied at the time, attracted 
labor and capital, the development of these older regions would have 
progressed much more rapidly. Nevertheless, it seems highly probable 
to me that when labor will be cheaper, and competition reduces the 
smelting-processes to their most economical form, the mines of a dis
trict like the one under consideration will rank by far higher than at 
present. 

Although not strictly within the limits that have been assigned to 
these examinations, I wish to say a few words about the treatment of 
the ores. Formerly, when a large proportion of ores could be classe~ 
as surface-ores, the proc~ess of amalgamation returned very favorable 
results; but experience has shown that either the ore from lower depths 
is not so rich as that found nearer the surface, or there is a defect in 
the process. It must be admitted that, as a rule, the lower ores will not 
be quite so rich as those from the surface, because the particles of gold 
that have weathered out may accumulate on the surface to some extent 
and produce a higher average percentage of the metal. On the other 
hand, the recognition and appreciation of this fact turns upon the ques
tion, Is gold contained in the ore as a compound~ An answer to this 
would answer the other question. · Significant remains the fact that, 
while a number of mills and ·other amalgamation establishments have 
failed and have been abandoned, the few smelting-works that have been 
constructed upon and regulated by a reasonable basis, not attempting 
to introduce processes that looked very well when regarded in the. light 
of a reminiscence of alcbemistical experiments, have thus far been suc-
cessful in their treatment of ores. · · 

Through the kindness of Mr. Hill, of Black Hawk,' I have been sup
plied with a schedule of the prices he pays for ores delivered at his 
smelting-works: Ores containing, per ton, $50, eharges for smelting 
$35, pays $15; ores containing, per ton, $100, charges tor smelting $40, 
pays $60; ores containing, per ton, $150, charges for smelting $45, pays 
$105; ores containing, per ton, $200, charges for smelting $50, pays $150 ; 
and, in addition to this, $1.50 for every per cent. of copper in 2,000 
pounds. All the prices of this schedule are in currency. 

Since returning from the field, .I have been informed that Mr. Hill has 
erected quite extensive refining-works, and instead of sending his matter 
to Swansea, England, as heretofore, it is refined there, and, according to 
statements received, with very satisfactory results. 

Lately some concentration-works have been put up in Colorado, partly 
not quite completed, partly still in their infancy, so that bttt little can · 
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be said about them. It is evident that if all the finely-disseminated 
metalliferous minerals could be collected at a moderate expense, and 
their valuable constituents extracted, a considerable saving would be 
effected in the expenses of mining. To this end it becomes necessary to 
concentrate the ores, to separate, by such means as may be found mos.t 
effective and cheapest, the dead rock from the valuable minerals that 
are contained in it. Although but small beginnings have been made in 
that direction, it is to be hoped that they will succeed, and raise the 
productions of the mines by the more economical treatment of ores. In 
Europe, concentration of ores has become a matter of vital importance, 
and in our western country it would greatly assist mining enterprise, 
although it is not yet so imperatively demanded. 

~fining is carried on economically, as a rule, in this as well as in the 
other districts of Colorado. Ordinarily a shaft is sunk dowri on the vein, 
which is a matter of little difficulty remembering the surprising regu
larity of the dips. From this shaft, which usually follows the •dip, 
levels are struck off into either side of the vein, sometimes certain dis
tances apart, sometimes at random, or according to the prospects of 
finding a large body of ore~ These levels are driven either to the limits 
of the claim or their termination is induced by a deterioration of the ore, 
or an irregularity of the vein that may be destructive to the ore-body. 
By means of overhand and underhand stoping, the ore is taken out, and 
conveyed either on a tramway or by hand to the shaft, and thence hoisted 
up by steam-power, horse-power, or by a hand,windlass. Should the 
mine be more extensive~ other shafts are sunk, as necessity may require 
it; vertical connections between the different levels are made, partly to 
facilitate the extraction of ore, partly to regulate the supply of fresh air; 
and apparatus for controlling the collecting waters are constructed. 
Mr. Hague, in his report on the mining industry of Colorado, bas dwelt 
considerably upon these points, and to his book I would refer any one 
seeking information with regard' thereto. 

In illustration of the above remarks, a diagram. representing the work 
done in the Monte Cristo mine is given on Plate V. The dark shades 
indicate how much of the ore has been taken out. 

A continuation of this process of extracting the ore throughout the 
entire vein from the surface downward seems to have one disadvantage, 
however. I am fully aware that a method of this kind is demanded by 
the very simple fact that the men owning and working the greater por
tion of the mines are not men of . capital, and it is necessary that they 
should derive from their mines as much remuneration,as .possible at the 
smallest expense. Therefore,. they rob the vein of all its contents so far 
as of any use to them di.rectly from the surface downward, frequently 
along the entire extent of their claim, leaving a long, narrow aperture in 
the hill, on which they may be working, of sometimes 100 feet in depth. 
It is evident that in course of time progressing decomposition of the 
rock exposed to atmospheric influences, among which the accumulation 
of snow in the crevice thus formed is one of the strongest, combined 
with the more or less direct pressure which is. experienced by the rocks 
on either side of this fissure, will result in rendering the walls. very un
safe-so much so, perhaps, that great expense must be incurred here
after if operations are pushed farther downward in the same mines. 

As stated above, Mr. Briggs has kindly furnished me with some data 
regarding price of labor, conditions of contracts, &c. This was in May 
and June, 1873. The wages ofaminerperdayare $3 to $3.50 for work 
in the mine, lasting ten. hours during the day, nine during night. Brake
me receive ·$3.50 for twelve hours' work. When leasing a mine, the 
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lessee usually gives the owner a certain percentage either of brutto or 
netto. In leasing the Gregory extension, which may be regarded as a 
typical lease, the following conditions were agreed to: Briggs furnishes 
the steam or horse power; the lessees, the bra~eman. One-quarter of 
tbe cost of crushing is paid by Briggs, unless they crush any mill but 
his own. In the latter case they pay the entire cost. Briggs supplies 
-d.rills;shovels, hammers, &c.; they replace hammer-handles, &c. On ores 
up to 6 ounces per cord, they pay Briggs 25 per cent.; over 6 ounces 
they pay from 40 to 50 per cent. , Of the smelting-ore of $100 per ton, 
they pay 25 per cent.; over $100 per ton, they pay 50 per cent. On a 
.six months' lease they must sink 30 feet. Briggs has the right to retain 30 
J>er cent. of the profits as a guarantee that this shall be done. Briggs fur
nishes the timber, and the lessees are required to timber the mine and 
keep it in good order. A foreman usually receives but low wages, but 
bas a small percen~age of the net profits, however. 

Subjoined is the statement of Mr. Mills, the data of which are taken 
from the Monte Cristo mine : 

MonttJ Oristo Mine, on QuaJ•t.z Hill, Nevada, mining-distl'ict, owned and worked by James 
Mills, CentJ"al Oity, Colo.-Statementjoroneyear, 1d72, hat•ing two~u31'8 at tco.rk, oogaged 
per aay. 

EXPENSES. RECEIPa'S. 

Yield of 25.Z con1s, or 204 tons, .25i cords, or 204 tons, of mill-ore, 
and 14~f-Jb tons smelting-ore.. $67 67 

vVages for miners ...•.•........ 2, 040 00 
Hauling....................... 175 50 
Milling........................ 704 50 

mill-ore ..........••........ $3,132 66 
Yield of 14,(01.0\ tons smelting-

ore . . . . . . . . . . . . . . . . . . . . . • • . . 1, 158 17 

2,969 67 
4,290 8;) 
2,969 67 

Balance................ 1, 321 16 
Milling-ore : 

Yield of 25i cords@ $122.88 per cord, (204 tons @ $15.36 per ton) ..... ··--·· -$3, 132 66 

Smelting-ore : . 
Yield of 14 Pu-u% t{)ns @ $81.05 per ton . . . . . . • • • . . • . • . . . • • • . . . . . . . . . • . • . . . . . . 1, 158 17 

Total .........•......... -.. . • • . . • •.. . . • • • • . . . . • . . . . . • . . . . . . . . . . . . • . • 4, 290 83 

GROSS COST. 

Running mine-expenses, wages, hauling, and milling: Milling,ore, 25t cords, $110.60 
,per cord ore; 204 tons milling-ore, $13.!:l2t per ton. 

Average assay of smelting-ore, (returns from Boston Colorado Smelting Company:) 
14""'o\% tons ore: gold, 2i ounces per ton ; silver, 5! ounces per ton. 

PROFIT. 

Milling-ore: 25! cords, $12.20 per cord ; or, 204 tons, $L52t per ton. 
Smelting-ore: 14 2~?cfo tons, $70.67! per ton. 
Profit on total expense of$2,969.67, $1,321.16, or 44t per cent. 
Improvements overgrouml as well as underground were made during the time, and 

.the mine kept in good condition. 

PART II. 

Differing from the lodes of the Gilpin County mining-district are 
those located near Georgetown, in Boulder County, the most extensive 
silver-mining district working at present in Colorado. 

Traveling upward along South Olear Creek in a westerly direction, the 
eaiion, which has been narrow for some distance, suddenly begins to open 
out into a wide, fertile valley of .triangular shape, bordered on every 
.side by steep mountains rising abruptly from it. In this valley, in its 
upper, broadest portion, the mining city Georgetown is located, almost 
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as if selected for the beauty of the spot more than for the metal riches. 
surrounding it. Unlike Central, the mines are not located within and 
all around the town; the mountains have not been deprived of their tim
ber, have not had every stone on their slopes overturned in the search 
for treasures; nothing reminding too strongly of civilization has marred 
the natural harmony of this secluded valley. Steep, rocky slopes of the· · 
mountains, with deep-cut ravines, set off to advantage the peaceful ap· 
pearance of the town they surround. 

Two branches of South Clear Creek unite a little below Georgetown, 
and it is on the sides of the canons that they have formed that the greater 
portion of the principal silver-lodes are found. A number of veins have 
been claimed, and temporarily worked, east of Georgetown, on the north
ern slope of Bald Mountain and several others, but little progress had 
been made there. 

The main rock of that locality is a granitic gneiss, a curious mixture 
of the two, at times shading into each other very gradually, at times) 
showing an abrupt line of junction. Slides and local faults have dis
turbed it to a considerable extent ; noteworthy it is, however, that the 
lodes have been affected thereby but very little. Local contortions have 
taken place in the schistose gneiss, which appears as such in a great 
many places, but within it can be found masses of greater or less dimen
sions that would be regarded as granite. Characteristic of that forma
t ion may be regarded the almost entire absence of mica in those gran
itoid portions, while the gneiss is very abundantly supplied with it. 
Besides this granitic gneiss, a typical granite occurs in these mountains, 
which I have become accustomed to associate with the appearance of the 
main lodes. It is of a brownish-gray to light-brown ~olor, rising up in 
steep bluffs parallel to the trend of the mountains on their slopes 
and sometimes crests. Harder and more compact than the surrounding 
material, it has better resisted the destroying agents of atmospheric influ
ences. Frequently the line of demarkation between the granitic gneiss,. 
which I am inclined to regard as older, i~ sharp and well defined for 
some dist~nce, while at other points the two gradually change, one 
into the other, similar to the fusing together of two differently-colored 
glass rods in high temperature. In several /instances, bands of white 
and yellowish quartzite accompany the junction, or local accumulations 
of mica alter the rock into a mica-schist near those places, while the 
feldspar is then represented but very sparingly, quartz more abun
dantly. Black mica is a prominent constituent of this granite tba.t
belongs to the porphyritic varieties; oligoclase, quartz, and orthoclase 
making up the rest. At the time of my visit, early -in June, almost all 
tlle mountain-tops were still covered with several feet of snow, so that 
examinations regarding the horizontal extent of this granite could not 
be made so carefully and comprehensively as I might have wished it, 
although more time would have been required than I could spare. One 
of the most typical points of exposure is to be found on Brown Mountain, 
at the Terrible lode, where this material rises considerably above the 
granitic gneiss, presenting a long line of steep, smooth surface toward 
the caiio:p.. Going farther westward, the granite seems to partake more 
of its normal character, until that of Mount McClellan, about nine miles. 
from Georgetown, cannot be identified with the one just mentioned. So, 
large ·is the number of varieties presented by the granitoid rocks of this 
region that local observations of this kind can give but a very poor 
conception of the great changes that take place and repeat t.hemselves 
within comparatively limited areas. I will, therefore, take the liberty of 
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referring to Mr. l\Iarvine's report for a more connected and comprehen-
sive discussion of these interesting features. 

Similar to the conditions observed at Central, the lodes here have·· 
mainly two strikes, approximately east to west and northeast to south
west, the former being the more numerous of the two. They show great 
uniformity in dip, which is mostly near the vertical, and are rarely dis
turbed. But few of the mines have reached any considerable depth, so
that not much can be said as yet about their character of persistency, 
unless inferences might be drawn, judging from their formation, analo
gous to that of other well-known localities. 

With reference to the relation that these lodes bear to the adjacent 
rocks, it will scarcely be possible to apply a single rule covering an~ 
cases. 1 t may be said, I think, that the majority of them follow in 
their course approximately the course of the porphyritic granite, arw 
sometimes contact bet.ween it and the granitic gneiss, sometimes have·· 
their course within it, and in other cases stand in no connection with it. 
This granite may probably be considered intrusive, although its age 
wHl be by far prior to that of the Central City granite, possibly even 
not much more recent than that of the surrounding rock. If the hy
pothesis of filling the fissures with their mineral-matter by the agent of 
beat mainly were proved, the view expressed regarding the relative 
age of these lodes would find some support, inasmuch as the metals 
mainly found in them all have a lower temperature of volatilization than 
those occurring chiefly at Central; consequently would have been dis
missed first from the common reservoir. Porphyry-dikes not infre
quently occur, sometimes intersecting veins, but in no instance, so far. 
as could be observed, occasioning any disturbance. Usually the lodes 
traverse the gneiss at some considerable angle to its dip; only in rare 
cases do they strike and incline parallel with it~ In the latter case they 
seem to he younger than in the former, judging from their mineralogi
cal and geognostic character. 

Dikes of hornblende-rock, with epidote, resembling diorite, are quite 
frequent in the gneiss, and are almost invariably accompanied by a nar
row seam of minerals, mostly galena and blende. Their strike is at 
right angles to that of the ore-veins, as at Central, running from 
north to south. 

Due west of Georgetown, 8,412 feet above the sea, Leavenworth 
Mountain rises ,up about 1,200 feet above the valley, and it is on 
the south side of this mountain that a number of very valuable lodes 
were found. The Colorado Central, having a course about east 100 
north, is located on the south side of this mountain, about 700 feet 
above the creek. It is a very rich silver-mine as far as the character 
of its ore is concerned, and bas paid well ever since it was worked. 
Between walls the vein is very wide, no wall-rock having been found 
on the south side as yet, although nearly 30 feet of vein-matter have 
been cut through. The north wall is granite and well defined ; dip 
slightly to the north. Ore traverses the entire gangue-rock, mainly in 
the direction of east to west, branching off, however, at several points 
into seams of one-fourth inch to an inch in thickness, which, neverthe
less, pay following, owing to its rich character, but these spurs consoli
date at places, and form a solid vein of ore 12- feet thick. Near the surface 
of the lode, a mass of float-ore occurs, of the same mineralogical charac
ter as that found at lower depths, although its position there seems 
somewhat out of place if it is from the same vein. Quartz and feld
spar compose the gangue-rock-the latter mostly decomposed-both 
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occurring in small particles as well as in larger pieces, and they were 
probably derived from the surrounding rock. 

As yet no very great progress bas been .made in the development of 
this mip.e. A shaft of 85 feet has been sunk, and several short levels 
started in both at the bottom and before reaching it. The large percent-· 
age of silver contained in the ore renders it advisable to follow almost 
every spur; which can readily be done in the soft gangue-rock, so that, 
although but little headway is made in the working of the vein, it yields 
large profits. At the western extension of the Colorado Central, a nar
row dike of porphyritic obsidian crosses the Yein at right angles, with-
()Ut, however, occasioning any dislocation. · 

Constituting the ore, the following minerals are found: galenite and 
:sphalerite, containing an appreciable percentage of silver; antimonial 
fahlerz, st~phanite, argentite, and pyrargyrite ; the latter two intimately 
.associated with the .galenite, the fahlerz occurring in masses of 
more than several pounds in weight. None of these minerals are crys
tallized, however, but occur massive. Galenite is found from the very 
fine-grained variety, passing through every.phase, to the coarse-grained, 
breaking in large cubical fracture. 

On the same .hill, within a short distance eastward of the Colorado 
'Central, is the Saco, in which .operations had beeri taken up again but a 
.. short time .previous to my visit. . It strikes almost due east and west. 
A tunnel ·of 320 feet leads to the ·Vein, the main ore of which is sphale
.rite with galenite. As at the Colorado Central, the south wall had 
.not been found, allowing a very considerable width for the fissure. 

The Star mine is close by, striking parallel with the Colorado Oen
tral with an ·almost vertical dip. .At the time, the body of ore was 
small, mainly on the south side of the lode. 

The Equator lode was not worked during my stay; it has ·a strike 
of approximately northeast to southwest; formerly it was worked, and 
yielded good ,pay~ . 

On the hill Qpposite Mount Leavenworth, to the south, quite anum
ber of small lodes have ·been found and temporarily worked, rarely 
yielding sufficient pay, however, to warrant a continuation of opera
tions. They seem · t{) be . local infusions of ore between the strata of 
gneiss. 

To .the northwest ef Georgetown, on Mount Sherman, a number of 
remunerative lodes are located, undergoing active working. One of th~ 
largest and richest there is the Pelican lode. As far as could be deter
mined, considerable local attraction interfering, the strike of the Pelican 
is about north .l60 east, with a vertical dip. The vein is from 4 to 10 
feet between walls, widening somewhat the deeper it goes. Another 
lode, the Elkhorn, has a strike of north 350 east, dipping on an average 
200to the north. This Elkhorn approaches the Pelican both on a hori
zontal and vertical projection, and while in the third level it is yet 30 
feet distant from it, 80 feet deeper they have joined; the Pelican keep
ing its true course and dip, while the Elkhorn accommodates itself to 
it. Between these two lodes, the intervening rock is gneissic, the same 
forming the entir~ south wall of the Pelican. Although t.here is a 
semblance of a wall on the north side, its character could not be deter, 
mined; but, judging from surface-outcrops, it seems to be partly .gra
nitic, partly gneissic. A dike of porphyry is said to cross the vein in 
one of the lower levels. Blende and galenite mainly constitute the ore, 
mixed with small q·uantities of pyrite, chalcopyrite, argentite, fahlerz, and 
pyrargyrite. At the point wb,ere our section was taken, (Plate VI,) in the 
lowest east level, the vein was 6 feet thick, containing almost in the 
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center a bo~y of galena-ore of about 18 inches, intermixed with blende, 
pyrite, and the silver-ores proper. The gangue-rock is composed of 
quartz and feldspar parply decomposed. 

Another section of a central portion of the veiQ was obtained, (Plate 
VI,) given in varying· succession layers of the minerals composing the 
ore, anrl thus showed a combed texture. The single layers were from 
one-half to one inch in thickness, and not all of them could be given in 
the sketch. 

Minerals found are those mentioned above, none of them presenting 
any very fine crystals, mostly massive. Their charac1er is such as to 
insure a very rich yield of silver wherever they occur, if even only in 
::;mall quantities. 

A tunnel325 feet in length leads to the vein, which is worked upward 
and downwar(ll from it, having reached at the time a depth of 82 
feet below the tunnel-level: Every indication of persistence is shown 
by the lode at that inconsiderable depth, and also upward as far as it 
has been worked. In consequence of the advent of the Elkhorn, this 
mine shows more complicated workings than most of that section. 
Near the Pelican are quite a number of other lodes, some of which were 
not in operation, while a lack of time forbid a visit to any but the prin
cipal ones. West of it still, on 1\fount Sherman, is an interesting vein, 
the Cold Stream lode, striking north 67° west, into a dip to the north, 
varying from 100 to 250. The foot-wall on the south side is gneiss, 
while the hanging-wall is composed of porphyritic granite. This is one 
of the few instances where the vein showed itself to be a true contact
vein between these two rocks. Some distance from the tunnel, proba
bly 60 feet, the vein is suddenly cut off by a strip of gneiss running 
across it .at right angles, but appears again ·on the other side without 
being deflected the least in its course. Galenite, with sphalerite, com
pose the main ore of this lode; the former occurring in a heavy body, 
coarse-grained, breaking into large cubes. Owing to the foot-wall, the 
vein wavers slightly, forming a sort of scalloped line. West of the tun
nel, a dike of ash-gray porphyry, 6 feet in thickness, crosses the vein, 
but after working through it was found to continue in its regular 
course. 

Of minerals, the following are found : galenite in fine cuba-octahedra, 
sphalerite, argentite, fahlerz, pyrargyrite, wire-silver, with the excep
tion of the latter all occurring massive; the pyrargyrite and fahlerz inti
mately associated with the galenite; quartz and light-red feldspar, mostly 
decomposed, make up the gangue-rock. 

One of the largest and best known lodes of the district is the Terri
ble, located about four miles west of Georgetown, on the south slope of 
Brown Mountain. It strikes north 820 east; an abnormal course, com
pared with the others. In speaking ·of the relation of these lodes to 
the formations surrounding them, · it has been stated above that the 
porphyritic granite formed a steep bluff, running almost parallel with 
the local trend of the mountain. It is within this granitic bluff that the 
Terrible vein Jie·s. A tunnel of about 340 feet has been driven at right 
angles to the lode from the south side, and on the north of it the rock 
has been examined for the distance of 60 feet. The entire tunnel, as 
well as the 60 feet beyond it, were found to be within the limits of the 
porphyritic granite. Keeping its course quite r~gularly, the ore-vein 
runs along within the heart of this immense granite dike, varying in 
thickness and local dip, without any well-defined walls to limit its 
extent. Numerous little slides have evidently occurred, occasioning the 
formation of .slickensides and breaks in the granite, but no distinct 
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wall could be observed. Clay selvages at some places border the ore
vein, but the rock on the outside may contain numerous spurs of that 
same vein. It is altogether one of the most interesting mines. I did 
not succeed in discovering any distinctly differing gangue-rock; it 
appeared throughout to be the porphyritic granite that filled the p~aces 

· between the single veins and spurs. At certain points, circumstances 
had favored decomposition, and the gangue, therefore, was soft enough 
to break with the fingers. Quartz and feldspar were its main constitu
ents; but the black mica, characteristic to the surrounding granite, was 
just as plentiful as in the gangue itself, so that the conclusion presented 
itself that, although this gangue must be regarded as younger than the 
surrounding rock inasmuch as it is decomposed, its ingredients were 
formed contemporaneously with those of the granite. From 3 to 20 
inches in the thickness the main vein varies, sending off shoots and spurs 
to either side ; sometimes they return agaiJ1, sometimes 1Jhey pinch out. 
In several instances, a number of smaller veins were observed to run 
parallel to each other, continuing so for a considerable distance. This 
was the case at the extreme north and of oue of the lower levels, and 
at this point our section of the lode was taken. (Plate VI.) Granite 
forms the gangue-rock, somewhat decomposed in the central portion, 
perfectly sound and hard outside, containing within it four distinct 
parallel veins, the largest one 5 inches thick. Toward the southeast 
the veins seem to become more irregular. 

Galenite forms the greater portion of the ore ; associated with it are spha
lerite, pyrite, (rare,) argentite, fahlerz, and pyrargyrite. 

A larger number of mineral species occur in tbis mine than in any 
other I have had occasion to visit in Colorado. Galenite is found in 
almost every variety; very pretty crystals (combination of cube with 
octahedron, the latter predominating) of it occurring in small cavities 
near the veins ; sphalerite, pyrite, and . chalcopyrite, massive ; pyrar
gyrite, in minute crystals; argentite, stephanite, polybasite, in tabular 
crystals; stibnite, rare; silver. in form of wire, and leaf-silver; flu
orite, in light-green transparent cubes; haryte, orthoclase, oligoclase, 
caolinite, biotite, and quartz occurring between the ~ingle veins. 

As stated above, a tunnel of 340 feet leads at a right angle to the 
vein; thence levels are driven on either side, and a shaft sunk. The 
mine is renowned for its rich ore, which, as I was info~:med, is some
times regarded by strangers as a favorite souvenir of Georgetown. Be
sides the lodes spoken of~ a very large number have been claimed, and 
are worked to some extent. Several of the larger ones were not in op
eration during my stay at Georgetown ; others were in litigation, so that 
no rlata regarding them could be obtained. 

The Payrock mine, situated on Republican Hill, northwest of George
town, I will now mention. Striking nearly due east, the vein pitches 
downward from the north at an angle of about 200 below the horizontal, 
and suddenly takes a turp of 450, (Fig. 2,) so that its dip southward is 
only 250 instead of 700, Porphyritic granite forms the foot- wall, gneiss 
the hangi:o.g, although at seYeral points they seem to. shade into each 
other. 

About· nine miles west of Georgetown, l\icOlellan Mountain is located, 
immediately opposite Gray's and Torrey's. Peaks. On the western slope 
of this mountain, the Baker and other mines are located; on the east
ern, the International and Belmont. The International strikes about 
north 300 west, and is a contact-vein between gneiss on the north and 
granite on the south side. Its location, about 500 feet above timber
line, causes the ore to be frozen almost constantly; while, on the other 
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hand, it has the benefit that provisions can be kept in the mine for 
months without deteriorating. Between walls that are well defined the 
vein is 5 to 6 feet wide, dipping from 120 to 200 to the north. 

A considerable quantity of ore is taken out of this mine, and trans
ported down the wagon-road by axle. It is mostly galenite, with spha· 
lerite, some fahlerz, pyrargyrite, and native silver. From the east a 
tunnel has been driven in on the vein, about 140 feet in length, and 
there by overhand and underhand stoping ore is being taken out, while 
the driving of the tunnel continues. Parallel to this lode, and appar
ently similar to it, is the Belmont, situated a short distance to the north. 

Besides these mining-operations, two great tunnel-enterprises have 
been undertaken, and are still being carried on. The one is the Mar
shal, the other the Burleigh tunnel, sections of which are given on the 
aceompanying plate. (Plate VII.) The Marshal tunnel, pushed to 
its present state by the energy of General Marshal of Georgetown, is 
located on the southern slope of :Niount Leavenworth, a short distance 
below the mines spoken of before. It is driven at a course of north 
430 west, and has continued in a straight line. The proposition is to 
drive through :Niount Leavenworth, strike all the lodes which it would 
cut at some angle, and thus let the tunnel serve to facilitate trans
portation of ores and regulation of waters. At the time I visited it, 
the work had progressed to a distance of 1,14 7 feet from the mouth, and 
a careful section was taken. 

At 175 feet from the entrance, the first lode was struck, crossing the 
tunnel at an angle of about north 690 west. This is the Bulldog, or 
No. 1 ; conta~ns a small amount of black blende, not sufficiently rich to 
yield any pay. Thirty-six feet of loose gangue-rock (b), quartz, and de
composed feldspar follow the narrow vein of ore, and a selvage of clay 
more than 2 feet in thickness separates this lodB from. the following 
gneiss. .Arriving at 234 feet from the tunnel, lode N Q. 2 is reached, 
dipping off to the north, bordered on the north side by porphyritic 
granite (a), 20 feet in thickness. Following is a long stretch of gran
itic gneiss, with several slides dipping to the north, the rock being 
partly decomposed, partly sound. In several instances white mica oc
curs in this gneiss locally_, but the black always predominates. Six 
hundred· and ninety"five feet from the mouth of the tunnel, a lode was 
cut, supposed to be the Equator, and the strike approximately corre
sponded with that of the Equator. Two more veins follow at intervening 
distances of about 20 feet, edged on the north by granite of 25 feet thick
ness. Vein No.5 then set in. followed by 8 feet of gray quartzite (d), 
and then by 22 feet of a light-gray compact porphyry (e), which strikes 
parallel to its course. After this 73 feet of the granitic gneiss follow, 
when vein No.6 is cut, at a distance of 880 feet from the mouth of the 
tunnel. The north wall of this vein is formed by 46 feet of hard por
phyritic granite (a), identical with that of other localities. From the 
end of this portion of granite to the present terminus of the tunnel at 
1,147 feet, the rock remains granitic gneiss, with local accumulations of 
mica or quartz, changing the character somewhat. Two more veins. 
were found, and 20 feet from the end of the tunnel a third occurR, strik
ing across it. These nine lodes that are thus cut by the tunnel contain 
more or less blende, more rarely galena, and as fa.r as could be ascer
tained neither fahlerz nor pyrargyrite, as the veins higher up on the 
mountains do. 

Differing from this is the Burleigh tunnel, situated northwest of 
Georgetown, at the base of Sherman Mountain, about half a mile east 
of the Terrillle. In June, 1873,it had reached a length of 1,490 feet, a 
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considerable portion of which was driven by hand. The tunnel is wide, 
well graded, entering the mountain in the course of north 200 west. At 
a distance of 797 feet from the mouth of the tunnel, a dike of porphy
ritic granite occurs, 38 feet thick, (Plate VII, a,) striking at right angles 
to the course of the tunnel, with a southerly dip. Contact betweea . 
this granite and the following gneiss is a vein striking parallel with 
the former, containing a body of blende 18 inches in thickness. From 
that point to the end of the tunnel, no further veins have been cut. 
About 450 feet from the end of the tunnel, a break occurs in the gneiss, 
parallel in dip to the porphyritic granite; a small vein of quartzite, 4 
feet thick, is found about 320 feet farther toward the end. At the east
ern end of Georgetown, the Eclipse tunnel has been driven in a south
erl.v direction; it is claimed quite lately, with good success . . 

From the few words that have been said about the working of the 
Georgetown mines, it will have become evident that the plan of opera
tions differs sligh.tly here from that followed at Central. The silver
miners ofthis section usually drive a tunnel into the side of the mount
ain containing their lode, and, having reached it, sink a shaft. At the 
level of the tunnel, drifts are made, and the ore extracted by means of 
overhand stoping. Sometimes a shaft is sunk from the surface, con
necting with the tunnel or one of the levels. 

A number of works have been put up in Colorado to smelt the lead 
and silver ores from this and other regions, the greater portion of which 
are doing well. Eventually the concentration of ores will have a regen
erating influence upon mining and smelting e:nterprise, if the flush pro· 
duced at present by the extraction of large masses of rich ore should 
pass away. 

PART III. 

High up in. the mountains of Boulder County, another district of 
silver-mines remains .to be commented upon. Caribou is the mining 
camp, locat€d in the center 'Of a nnm ber of mines that have attracted con
siderable notice. Situated near the timber-line, with snow within three 
minutes' walk from ·the :hotel-door in the latter part of June, the report 
of rich lodes has ·attracted several hundred miners to the ·spot. As my 
time was very much limited jnst then, I can only speak of the two main 
lodt:s which I visited, and must again refer to Mr. Marvine's report for 
notes on .the geognostic formations. · 

Predominating is a granite, with accidental admixtures ofhornblende, 
so that at certain localities it may ·be termed a syenitic granite, and it is 

·therein the Caribou lode is located. The strike of this lode, that a short 
time ago was sold to a Nether lands company for $3,000,000, is almost 
due ·east aBd west, and it has a dip to the north that on an average is 
slight---;in one or two points increasing however-never varying more · 
than 200 from the vertical. Entering above, the dip to the north is 
found to be about ·2oo, continuing for 40 feet; then follow 70 feet.almost 
vertical, and after that a northerly dip of 15o again. With increasing 
depth the vein grows wider, so that it is 14 feet t~ick .between walls at 
the depth of 210 feet, while -it is 4 feet at the surface. Both walls are 
beautifully defined, having an almost polished appearance. On the_ 
north wall, the granite seemed to be of a different variety, but it could 
not be decided with certainty in the mine. A thin clay selvage sepa
rates the vein from either wall. In the distribution of the ore, a sym
metrical arrangement may be observed, ore being found near either wall, 
and again in the center. It consists mostly of galenite, sphalerite, argen· 
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tite, pyrargyrite, and native silver; quartz mainly forms the gangue
rock, small amounts of feldspar also occurring. One of 'the western 
levels shows a very curious dike of granulite of 12 feet thickness, run. 
ning across t~e vein at a right angle, without occasioning. any disturb
ance or dislocation, however. The Caribou is intersected by the No 
Name on the east, and the Seven-Thirty on the west side, at an angle of 
about 300, In both these interesting lodes, the ore h; of a similar char
acter, and they show no dislocations. 

Of minerals the following were found: galenite, sphalerite, argentite, 
in small crystals and massive; fahlerz, massive; pyrargyrite; native 
silver, in wire form and leaf form; chalcopyrite, cerussite, and mala
chites ; the latter two as the result of decomposition. 

Two shafts are sunk on the lode, connected underground by levels 
and drifts, and at present a tunnel 700 feet in length is being driven in 
from the north to strike the vein. This will greatly facilitate the ex
traction of ore. Thus. far the greatest depth reached in the mine was 
370 feet. 

The No Name lode, striking north 200 east, intersects the Caribou 
east of the shafts, showing a considerable dip to the north. 'Valls are 
well-defined, granitic, and the thickness of the vein between them from 
3 to 6 feet. Galenite and sphalerite, with argentite and fahlerz, con
stitute the main body of ore. Besides these minerals, chalcopyrite, 
wire-silver, cerussite, azurite, and malachite are found. At the time of 
my visit, a depth of 117 feet bad been reached. 

A large number of other lodes, highly spoken of, were being claimed 
and opened at the time, but the expected opportunity of visiting the 
place in October again did not afford itself, and no information regard
ing them bas reached me. 

PART IV. 

Annexed is a report of Dr. A. C. Peale upon the mines which he 
visited during the summer of 1873, and he has kindly permitted his notes 
upon them to be placed in connection with the above report. 

MINES NOTED BY THE SOUTH-PARK DIVISION O:B' UNITE,D 
STATES GEOLOGICAL SURVEY, 1873. 

BY A. c. PEALE. 

TARRYALL CREEK. 

There has been considerable mining done along Tarryall Creek, but 
at present little work is in progress. One great disadvantage is the 
scarcity of water. It is only during the spring_and early summer that 
there is suffi.ci{mt water for mining purposes. Above Hamilton the 
gravel rests on sandstones for the most part, and is from 10 to 20 feet 
thick. The following are two· of the principal claims : 

Tarryall, Hubbard, and · Snajfe1·d.-They have two flumes, the average 
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yield being from $5 to $6 per day. There are four men working, at from 
$2.50 to $3 per day. 

Little French, or upper claim, has two men working on it. 
Near Hamilton there are two claims, worked by Hawkshurst & Foote. 

There are five men working, at $2.58 and board per day. The average 
yield is about $100,.per week. While I was there they cleaned up $75 
for :five days' work. In 1860-'65 there was in Hamilton a population of 
about 5,000 inhabitants; to-day there are not more than about half a 
dozen families. 

SILVER HEELS 1\lOUNT.A.IN • . 

The following are some of the lodes that have been opened on the 
mountain: 

Uncle Sarn lode.-The crevice is 8 feet in width and dips to the north
west. It was discovered in 1868 by Sargent & Greene, who are still its 
owners. But little work has been done. The gold and silver are found 
associated with pyrites in a quartz-gangue. The walls of the lode are 
gneissic. The ore is said to assay from $10 to $45 to the ton. 

Black Eagle lode.-Four-f'oot crevice discovered by Hawkshurst & 
Foote,in 1867, who still hold it. Associated with gold and silver, mag
netic iron and pyrite are found. It is said to assay from $100 to $600 
to the ton. The lode is in gneiss, and dips to the southeast. Other 
lodes are the Black Warrior, Republic, Slater, and Mineral lode. 
Very few, if any, are worked. In the Republic, the ore is galena. The 
general angle of dip of all these lodes is about ·30°. 

FAIR PLL\ Y, COLORADO. 

Further notes in regard to the mines in the vicinity of Fair Play than 
are given below will be found in Dr. Hayden's report. Placer-mining 
was formerly carried on very extensively on the South Platte River, 

. and on all the streams tributary to it rising in the range that lies be
tween South Park and the Arkansas River. In almost all the gulches 
we may find the ruins of what were once active and thriving towns. 
There is still some mining going on on the Platte. The gravel on the 
river opposite ~,air Play is about 70 to 100 feet in thickness. There are 
several claims being profitably worked here. The principal mining 
interest, however, centers in the silver-bearing limestones of Mount 
Bross, Mount Lincoln, and Horseshoe Mountain. The following section 
of Mount Bross was made by l\ir. Stevens, of Fair Play, and shows the 
·geological position of the argentiferous belt. The section corresponds 
with the illustration shown in Plate XV, (map). 
1. Gneiss. 
2. Yellow quartzite and sandstone, about ........... . 400 feet. 
3. Blue limestone .................................. { 
4. Light-?olored limestone, 100 feet .. _ . ~ ... _ - .. ~ ... __ ( 350 feet. 
5. Blue limestone. _. - .. .. ... ~ ....................... 1 
6. Quartzite. . . . . • . . . . . . . . . . . . . . . . . . ........ : . . . . . . 10 to 20 feet. 
7. . .......... ~ . . . . . . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 feet. 
8. Black quartzite slates...................... - .... } 
9. Sandstone .................................. _ . - . 

10. . . - - -........................ ~ ....•... -....... . 
11. Limestone .......................... -........... . 
12. Sandstone ..................•................... 

. 13. . ............................................. . 

75 feet. 

200 feet. 
20 to 30 feet. 

150 feet. 
500 to 600 feet . 
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This last bed reaches · to the summit of the mountain. It is in bed 
::t~o. z, which is probably the equivalent of the Potsdam sandstone, that 
all the gold, or most of it, in the region has been found, especially in 
the lower part, where there are d kes of volcanic rock. The gold~mines 
of Mosquito and Buckskin Gulches are found here. All the sandstone 
contains gold, but not in sufficient quantity to make it profitable to 
mine. It is in bed No. 4 that the silver-bearing galena is found. This 
limestone is ligbter·colored than that on either side. It is probably a 
part of the Quebec group. The ore occurs in segregations and impreg
nations, and, as far as has been ascertained, is confined to the belt of 

F~-J.irrfestone represented by bed No. 4 in the section given above. The 
accompanying map or diagram was made by Mr. Stevens, who has 
kindly allowed me to use it. It is not drawn on an absolutely accurate 
scale, but will give a good idea of the various claims on Mounts Lincoln 
and Bross. The principal ones are the :Moose, the Baker, and the Hia
watha. The ore, as has already been intimated, is galena, which, accord
ing to the assays of Mr. Peters, carries from $3 to $200 in silver and as 
high as $120 in gold, the coarser-grained galena always being the richer. 
The gangq~ of all the mines in the limestone is barytic, both in massive 
uu-a cryslallized form. The mines at Horseshoe ]\fountain are similar 
to those of Mount Lincoln and Mount Bross. They occur in the same 
belt of limestone, and their mode of occurrence is the same. The ore 
is taken to smelting-works at Alma aqd Dudleyville, near the base of 
Mount Lincoln. 

ORO CITY. 

Oro City is at the head of Oalifornia Gulch, a branch of tlle Arkansas 
River heading in the Park range. California Gulch has been the seat of 
e~t:I! .sivt:; placer-mines. At present, however, very little is clone. There 1 
are three or four claims being worked near Oro. The principal mining, 
however, is done at the Printer-Boy lode. The following notes were 
obtained from Mr. C. L. Hill, superintendent. The mine, of which a 
diagram is shown in the illustration, is owned by the Philadelphia and 
Boston Gold and Silver Mining Company, (J. Marshall Paul, of Colo-
rado, and H. M. Paul, of Philadelphia.) The discovery was made in 1868, 
but no work was done until1869. It was first worked by a company in 
1870. As shown in the diagram, there are two shafts, a main one, 27 5 
feet in 1~pth, and a boundary one, 145 feet deep. These shafts are 367 

, ~""·reet apart, and between are twoJevels. Above the upper one ·there 
is a third level. From November, 1872, to the latter part of Sep
tember, 1873, $75,000 was taken out; the average yield per week be-

. ing 100 ounces. In September twenty-six men were employed, at $3.50 
per day. The company owns a mill near the mine. The expenses of 
mining and milling per week are $800. Besides the Printer-Boy, there 
are the American Flag and several other lodes at the head of Califor~ 
nia Gulch. 

HOMESTAKE LODE, ETC. 

The Homestake lode is situated at the head of a small western 
branch of the Arkansas ~iver, west of Tennessee Pass. The district is 
called the Homestake district. There is a small settlement, to which 
the name of Lake City has been given. It is just at the timber-line, 
which here is about 11,500 feet. Besides the Homestake, which gives 
its name to the district, there were at the time I visited the place some 
forty claims, very few, however, of any importance as yet. 

This lode was discovered in July, 1871, by W. A . . Crawford and 
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two other men, while trying to find a trail across the range. It was 
first worked in September, 1872, by Archer & McFadden, the present 
owners. The lode strikes so,uth 650 west; dip, north 25o west; angle, 
750 to 85o. Two levels were commenced in the fall of 1872. The east 
level, in September, 1873, had penetrated 150 feet. It is 5-k feet high, 
4 feet wide at the bottom, and 3-k feet at the top. It is propped with 
timber, being but 30 feet ·below the surface. The lode is from 2 to 3 feet 
in thickness, and is in gneissic rock. The west level had been carried 
in 150 feet, and the average width of ·.the lode here was 2 feet. 
This level penetrates the solid ;rock some distance below the sur
face, and propping is rendered unnecessary. Below these lev..e~-, 
two tunnels have been started to strike the lode. One is 100 feet below, 
and the other 300 feet. Assays made by M. M, Hayes, assayer,-for the 
Homestake district, vary from $100 to $800 to the ton. One pickecl 
specimen assayed 738 ounces to the ton. The ore is principally argen
tiferous galena in a gangue of baryte and calcite. There is also a trace 
of gold. The complete list of ·minerals found ·here will be seen in. the 
catalogue of minerals. In September there were nine men emplQ.Yed, 
at $3.50 per day. From Mr. J. A. McFadden, one of the owners of the 
mine, I learned that the expenses from May to September, inclusive, had 
been something over $3,000. This included building of cabins, supplies, 
&c. The mine having been just opened, of course the expenses were 
heavier than they would be afterward. Up to September, 30 tons of 
_ore-about half the quantity taken out-bad bee~ shipped to Denver. 

ARKANSAS VALLEY. 

On the Arkansas River, in the vicinity of Granite, there are quite a 
number ofplacer-diggings, and also in Colorado Gulch, one of the west
ern branches of the Arkansas. During the season of 1873, there were 
two or three claims worked in the latter place, yielding about $5 per day 
to each man. This gulch, in 1863, was one of the richest in the Terri-
tory, yielding $75. per day to the man. . 

ELK MOUNTAIN DISTRICT. 

This is a .new di.strict in the ElkMountainsattbe headofRockCreek, 
and little· bas_ been done beyond the locating of claims. There are about 
thirty claims situated on the south side of Rock Creek. The discovery~ . 
was made in 1871 by Messrs. Brennan, Brant, Graham, and oth(}rs, but · 
nothing was done until1872. The lodes are all in the beds of Cretaceous 
ag~black metamorphosed slates, containing quantities of Inocerami. 

The following are the principal lodes: 
B~wkeye.-This lode was discovered July 29, 1873. It is from 5 feet 

to 6 feet in width, and dips 120 south 350 east. It is well defined for at 
least 1,000 feet. The one is principally argentiferous galena, associated 
·with pyrite, cerussite, chalcopy,rite, malachite, and a little hematite 
in a quartz gangue. Blow-pipe analyses, made by l\1r. Kirker, yielded 
75 to 100 ounces of silver per ton. 

D. P. lode.-This was discovered July 29, 1873. It is 4. feet in width, 
and its direction is southeast and northwest. · Ore and gangue as in the 
Buckeye. 

Fair Play.-The discovery was made July 20, 1872. Its width is about 
6 inches. The ore is similar to that in the other mines, and is contained 
in a gangue of quartz associated with calcite. · 

Liverpool.-This lode was discovered August 1, 1872. It is 2 feet 
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wide, and its directiDn north 550 east. In all other points it resembles 
the other lodes. 

Rover State.-Discovered July 24, 1873. Its width is about 2 feet and 
~trike north 650 west. Connecting this lode with the Pacific, there is a 
smaller one, 6 inches wide, called the Sidney. 

Pacific.-1'his lode was discovered in July, 1872. The strike is east 
of south. It bas seams of difierent widths. The ore has assayed by· 
blow-pipe about $10 per ton. 

Helmw. This lode was located in ,July, 1872, and is from 6 to 8 inches 
in width ,striking north-northeast and southwest. 

Cape Horn.-This lode is from 10 to 15 feet in width, and has been 
tracedm ore than 1,000 feet. It strikes north 650 west, and dips east of 
north at an angle of about 750, 'rhe ore is said to assay 150 ounces per 
ton. Connecting the Oape Horn with the Anna is the Erie, about 6 
inches in width. · · · 

Anna and Washington.-The Washington lode is a continuation of the 
Anna, the extent of both being 3,000 feet. The discovery was made 
July 25, 1873. The strike is north 550 west, and the dip southwest. It 
is in a very black shale, and between it and the Cape Horn there i~ a 
bed of quartzite. The width is about 5 feet, which increases in places. 
The ore is of the same character as in the other lodes. Mr. Kirker, one 
of the company owning the claims, assures me that as far as be has 
traced t.be lodes, they seem to converge toward the Anna and Washing
ton. He says also that west of these there is another set, of which the 
following are the pdncipal ones: .Montreal, 15 feet in width; Bear 
Bole; New Chicago, 3 feet wide; Deey. Hole, 1 foot 6 inches; ~t. Louis; 
Wisconsin; Superior; Tempest; Lily; Hoosier; Lookout; Cashier and 
Silver Wing. These, he says, seem to converge toward the Montreal, as 
those in the other group do toward the Anna and Washington. All the 
lodes · are owned by the Rough and Ready Company, composed of the 
following members: R. A. Kirker, William Gant, Samuel Mc.M:illeu, 
Benjamin Graham, Louis Brant, James Brennand, and C. M. Defabauch. 

CHAPTER II. 

REPORT UPON . THE GEOLOGY OF 'l'HE SAN LUIS DISTRIC'l'. 

Section a .-The district assigned to the San Luis division for topo
graphical and geological survey for the summer of 1873 is bordered on 
the north by a line running east to west six miles south of Pike's Peak, 
on the west by the one hundred and seventh meridian, on the south by 
a line running east to west twelve miles south of Saguache, and on the 
east by the eastern slope of the Front range. 

It can be appropriately divided into three sections, as shown by the 
accompanying diagram. Section a, comprising the northeast portion of 
it, separated on the west, southwest, and south from the others by the 
Arkansas River. Section b contains the southeast portion of the dis- . 
trict, terminatin-g westward with the western border of San Luis Valley, 
and from there northward with the well-known Poncho Pass. On the 
north it is bounded by the Arkansas. Section c represents the 
remainder, the western part of the district. 

Along (the eastern portion of section a we notice the heavy masses of 
mountains, cut by deep canons and gorges, showing that characteristic 

20 G S 
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appearance that is imparted to any lanuscape by the predominance of 
archman formations. vVestward from the edge of the great plains the 
mountains rise ahruptly, particularly so in the vicinity of Pike's Peak, 
the summit of which is more than 8,000 feet above the valley. In the 
pure atmosphere of that region, the deception in distance allows the 
traveler to be even more strongly impressed with the grandeur of the 
scenery that has given the "Pike's Peak country" so much of its justly
deserved celebrity. Along the eastern border of these mountains, 
where they gradually taper off into the plains, stretched for many miles 
before them, the sedimentary beds reclining against the granitic mount
ains have at times been greatly disturbed, and now form at several 
points very grotesque groups along their base. 

Going westward from the border of this Front range, more into the 
interior of the mountains, unmistakable cones appear, denoting former 
volcanic activity, changing with their introduction the general aspect 
of the country. Instead of densely-wooded hills, covered either by 
living or dead timber, areas of grazing-lands are frequently ·found, fre
quently also marshes. In many cases the prominent cone-shaped peaks, 
the probable points of volcanic outflow, present a more desolate appear
ance, being covered with innumerable fragments of rock, rarely large, 
but sufficiently so to prevent any extensive growth of vegetation. A 
variation from this general character of the country occurs along Oil 
Creek, where a comparatively low tract of country extends north ward 
for the distance of about twelve miles, with a width varying from two 
to four miles. To the west of this little valley the granitic rocks are no 
longer the predominating, for the volcanic increase so largely in bulk 
and extent as to change the face of the country. High, grassy plateaus 
appear, differing in vegetation to such an extent from the older rocks 
that may be outcropping that this difference alone may frequently fur
nish useful hints to the geologist regarding the di~tribution of t4e 
formation. Quite frequently the creeks have worn deep, rugged ravines, 
although it would undoubtedly be erroneous to attribute all the canons 
and gorges to erosion exclusively. Farther toward the northwest, the 
character of the country again changes ; it becomes more rolling, sup
plied with frequent cones; the valless are broader, less deep. 

In the western portion of section a,, the mountains are no longer so 
high, and their · slopes are more gradual on the northern side, although 
often quite rugged on the opposite; the influence of comparatively little 
disturbed sedimentary formations is perceptible. Bordering upon the 
Arkansas, the hills of this western portion are less massive-less so than 
those farther east-owing to the lower relative and absolute altitude 
and consequently smaller depth of the canons. 

Granite forms the heaviest masse::; of section a, although not covering 
the greatest area. On the western part of the section it occurs as the 
main rock, presenting a dark-red or brown color, showing but little vari
ation in the character of its texture and structure, and usually weath
ering in heavy bowlders; it frequently forms bold and prominent faces 
on the mountains. Toward stations 89, 90, and 91, it is mostly covered 
by the overflowing trachorheites, outcropping only in the deeper canons 
and gorges that are in a great part due to erosion. Owing to its coarse 
texture, it readily decomposes, but, dependent upon the more or less 
accidental percentage of its constituting minerals, does not decompose 
. uniformly throughout. At station 95, the granite becomes very coarse-
grained, so much so as to show a . perfect separation of the three min
erals, feldspar, quartz, and mica; only the latter, however, follows its 
inclination ;to .. :e:r;ystallize. At this locality, the feldspar (orthoclase) is of 
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a bright-red color; the quartz, yellowish or white; the mica, gray to 
brown. Another point where the granite assumes a similar character is· 
immediately west of Canon Uity, whtch may perhaps partially account 
for the deepening of the steep ea:iion from which that city has derived 
its name. This canon forms the bed of the Arkansas River for a dis
tance of about six miles. Station 11 is located directly north of this 
calion, in an air-line about three-quarters of a mile distant, and about 
2,000 feet above the river-bed. Allowing all due consideration for the 
immense effect produced by erosion, it still seems improbable that the 
Arkansas should haYe forced its way through almost six miles of solid 

· granite, when a slight deviation to the northeast would have afforded 
it a by far easier passage, unless some existing favorable condition 
induced this course. It seems reasonable, ancl warranted by the facts 
observed, to suppose that, by some agency or other, possibly by the grad· 
ual rising of the granitic area and consequent cracking or splitting of 
strongly-tensioned portions of it, some facility may have been afforded 
to the river in shaping its course. This view may receive some support 
in the fact that the line pursued by the Arkansas through that section 
of granite is a 'comparatively straight one. The suggestion that the 
river may gradually have cut through during the continuation of the 
rise along the former coast cannot be entertained, because at the time 
before that took place the now Cretaceous portions must have been so 
low as to compel it to flow out over the area they at present occupy. 

To the northwest of station 11 the granite is mostly covered by the 
trachorheites, and only exposed in depressed localities. Along the 
Arkansas, westward, toward station 10, it maintains its character, wea
thering in more or less angular m~sses. At the west side of the bridge 
built across the river, a short distance sou~h of station 10, is stationed 
an isolated granitic sentinel, dark red or brown, with a very large per
centage of feldspar, but little quartz, and still less mica. This monu
ment-like rock. shows a pret,ty illustration of the intersection of two 
veins; a narrow quartz-vein running up and down has been broken and 
displaced by a broader younger one, crossing it at an almost right angle. 
Speaking more correctly : the two halves inclosing the smaller vein have 
been displaced by the formation of a broad fissure, in which the mate
rial composing the younger vein was deposited. North of station 10 
granite mainly crops out in the val~eys, as in those of Currant, Cotton
wood, and Tallahassee Creeks, the beds of which are mostly formed by 
it. Proceeding in this northerly direction, we find the lithological char
acter of the granite undergoing some change ; the feldspar more fre
quently shows yellow and flesh-colored tints instead of the red and 
brown ; the quartz turns from brown and reddish to rose-colored and 
yellow, even gray and white; black mica begins to predominate over 
the white, gray, and brown. At the upper end of Cottonwood Creek, 
near station 68, the texture of the granite begins to resemble closely 
that of gneiss, and this change is carried out also in the appearance of 
weathering, although it char;1cterizes no newl,y-entering formation, but 
merely an increase and accumulation of the micaceous constituents. 
North of this station the granite wi~ns out, being exposed over larger 
areas as the trachorheites recede. West and southwest of station 10 
it forms lower hills, considerably cut by the drainage. The western por
tion of section a bordering on the Arkansas is formed hy granite again, 
appearing th1s time in a strip of about twenty-four miles in length and 
three to four miles in breadth. It is coarse-grained, and very similar, if 
not identical, with that of the eastern half of the section. Distributed 
U1ronghout its sonth~rn half, although not occurring frequently, are 
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small patches of fine-grained grauiLe, distinct sometimes not only in 
their texture, but also i11 the character of their constituent minerals. A 
granite found near station 59 showed gray quartz, white feldspar, and 
black mica; was very fine-grained and compact. On Badger Creek, a 
short distance east of station 58, a small patch of porphyritic granite 
crops out that shows differences of texture within a very limited dis
tance. It contains oligoclase, orthoclase in Carlsbad twins, gray 
quartz, black mica, and chlorite. · 

In the southern and western part of section a the granite is frequent
ly traversed by dikes of hornblendic rock, resembling to some extent 
diorite, Although they will be spoken of under the title of "dikes" 
hereafter, they form a very characteristic feature of the granite, and as 
such must be mentioned here. 

Distribution.-Immediately at tbe eastern slope of the Front range 
the granite begins, extends westward to station· 91, and a few miles 
beyond stations 93 and' 94, bordering the east side of Oil Creek Valley. 
At the northern boundary of this valley it sets in again, separating two 
large volcanic areas by a band of three to six miles in width. West of 
Oil Creek it is found in all the deeper canons, while trachotheites cover the 
high plateaus. Along Currant Creek it is exposed in a strip from one 
and a half to two miles wide, increasing this width toward stations 71 
and 72. The greater portion of Cottonwood Ureek tuns in granite; also 
a part of Tallahassee Creek. On the Arkansas, granite appears again 
about half a mile west of Canyon City, and continues westward to sta
tion 6, with a single interruption opposite station 10, where Cretaceous 
rocks form the bed of the river for a short distance. Small patches of 
it appear at stations 58', 58, and 57. West of Badger Creek several 
such patches occur. The second extensive mass of it runs approxi
mately parallel to the ..Arkansas, forming its eastern bank. From sta
tion 52 southward it continues until a point is reached within two miles 
of station 5, where the volcanic rocks cross the riv~r. 

Resting immediately upon the granite, we find the Silurian character
ized . by but a few fossils and the well-known quartzitic formations. 
From a distance these beds, situated in the western portion of section a, 
may easily be mistaken for the prevalent trachorheites, as they for~ 
steep, although not high, bluffs, rising abruptly from the granite, 
capping some of its highest points along a line of _ about 15 miles. 
Their quartzitic ~onstitution allows them to resist atmospheric influences 
for a greater length of time than the under and overlying rocks, so that, 
taking all these points into account, they form a well-defined character
istic horizon. At timel'l the rock partakes more of the character of a 
limestone, but in that case segregations of siliceous matter, mostly in 
the shape of chalcedony and hornstone, afford a welcome lithological 
feature of distinction. Wherever the Silurian formation occurs in sec
tion a, it conformably underlies the Devonian and Carboniferous as far 
as could be,. ascertained. Beginning in the northwest corner of this 
section, we find a narrow strip of strata belonging to the Silurian perio~, 
running from about one mile north of station 53, down in a southeasterly 
direction, until it reaches the Arkansas, forming by its course the ap
proximate representation of a large S. At station 53, which is located 
on a dark-gray limestone, with hornstone segregations, ascribed to the 
Silurian, the strata dip at an angle of go to 120 almost due east, gradu
ally lessening the degree of their dip as they extend eastward. A sec
tion running through station 53, · at north 270 east, shows the following 
strata, which I have referred to the Silurian. · 

Resting immediately upon aeoarse-graine<l red granite, we find a blu-

• 
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· ish quartzitic limestone, weathering, in heavy strata, very hard and 
compact, containing numerous crinoid remains, closely resembling the 
plates of Beterocrinus. Besides these, a few specimens of Orthoce1·as 
were found, but in too poor a state of presePVation to admit of any 
specific identification. From these beds, (section Aa.) the next strata, of 
.bard gray limestone, are separated by a thin layer of dark-gray slaty 
shales, as it is underlying the limestone (b) that formed the top of 
the plateau upon .which station 53 was located. The upper stratum of 
this limestone contains a number of corals and Bpongidre, and upon it 
follow thick beds of white, yellow, and pink quartzites (c) weathering 
into angular fragments, not at all conducive to the comfort of travelers. 
This pink color seems to be of some importance, as it recurs in several 
localities, and probably affords a good constant geognostic horizon. Its 
color is usually a delicate pink, sometimes stt1ined with yellowish or 
reddish streaks and blotches. Higher up, the character of these quartz
ites changes; they turn into a light-red sandstone, much less compact. 
in texture. vVith this sandstone I close tlte Silurian of that locality, as 
the lithological character of the strata changes radically, and a little 
higher up Carboniferous fossils are found.* ·It is obvious that no careful 
detail-studies of these formations could be made at the time, and there
fore the paleontological part must necessarily appear meager. 

Extending to the south for a distance of seven to eight miles, the 
Silurian retains very well the character above given. Again, we find 
all along that the quartzitic limestones rest directl~7 oii the granite, 
forming a sharp, very distinct boundary. But liUie change is noticeable 
in the dip of the strata, both as regards direction . and angle of dip, 
which at places rises to 150 to 16o, rarely falling below 100, however. 
Station 55 was located on the same strata as station 53, and a compari
son of their features and succession leads to the same result as before. 
About one :mile south of station 55, the Silurian, and with it all the 
sedimentary beds, suddenly change their course, making an angle of 
about 900 to the eastward, instead of following their main course in a. 
southerly direction. VVith this turn the dip changes, swinging around 
more to the north, so that we find it a little north of east. Probably the 
cause of its having been changed may be looked for in the eruption of tra
chorheites directly south of the deflected line. The edge of the Silurian, 
which has narrowed down considerably, is at some places most likely in 
contact. with the trachorheites, although I did not succeed in finding any 
point where r.his was distinctly shown. Going eastward, as we approach 
Badger Creek, we find a patch of coarse-grained granite appearing, 
which, as usual, directly underlies the Silurian on the west side, while 
on the opposite it underlies the volcanic . rocks. . A section carefully 
taken from station 56, in the direction south 450 west, running for a 
distance of ten miles, until it reaches the voleanic st,rata south of the 
sedimentary, may serve to illustrate the formations here. t 

Proceeding from the southwest, we find the granite partly coarse
grained, partly fine. It is the same patch referred to in discussing the 
granite of section a as porphyritic granite. A series of yellow to light
brown, hard quartzites are deposited upon it, weathering in tabular 
fragments. At first these quartzites (Plate IX b) show a steep dip to 
the northeast of 35°, but it decreases with increasing distance from the 
granite. Above these strata we find white and pink quartzites of very 

.. The remainder of the section given will be treated of when speaking of the Carbon· 
iferous formation. · ~ 

t:E'or convenience only that part containing the sedimentary beds has been tak:m 
out. The entire section will be given when speaking of the volcanic rocks. · 
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fine texture, which are in turn covered by yellowish shales (f) that can 
be referred to the Carboniferous, as in section A, Plate VIII, preceding. 
It seems probable that the Lower Silurian blue limestones underlie these 
quartzites, although they were not found. 

· Scarcely a mile east of tllis part of Badger Creek, a little north of 
station 58', the Silurian makes a second turn; this time from west to 
east toward north to south, again running parallel to the p.rst line of 
outcropping mentioned above, thus completing the S-shaped figure. 
Station 58' is located on the quartzitic strata. A few miles south of 
tllis station the limestones appear, and remain either entirely or par
tially exposed during the remainder of the line followed by this forma
tion in section a. The dip is not steep ; never much exceeding 150 to 
18°, and is a little north of east. Three or four miles south of station 
58' the band of sedimentary rocks becomes very narrow. A third turn 
is taken east of station 57' of about 2so to the west, from which point 
the Silurian runs down to the Arkansas, bordering the east side of the 
trachorheites. It is exposed on the Arkansas for a short distance. 
On the south side of the ri\er this formation appears again, but no 
direct connection between the two sections can be traced. 

Only about eighteen square miles are covered by the Silurian, because 
its breadth is very inconsiderable, although the meandering-line run
ning from station 53 to the .Arkansas is almost thirty-two miles in length. 
OrographicaUy, the Silurian is of slight importance in the formation of 
plateaus of small extent, sloping oft' gently to the north, northeast, and 
east. Farther north, beyond the limits of our district, this formation 
is found occurring in much greater bulk, and it seems that southward 
the conditions for its formation in Silurian ages may not have been at 
all favorable. Whether any of the strata above the ones just spoken 
of should be referred to the Devonian, I am unable to say. The poorly
preserved relics of paleontological testimony that could . be obtained 
were so few and so unsat ... ~factory that I can have no decided opinion 
upon the subject, although I am inclined to think the Devonian, if 
represented, is no formation of great extent, either vertically or hori
zontally. 

The Carboniferous formation of section a shows some very interesting 
features. In the eastern portion of the section no rocks were observed 
that could be referred to this age; it was found only in the western, in 
connection with the Silurian just spoken of. From station 53, a belt 9f 
it stretches along a little east of south, from three to four miles wide, 
bordered on the east by the familiar coarse-grained red granite, on the 
west by the Silurian. North west of station 54 it forms a small synclinal 
valley, dipping from either border toward the· center at an angle of 70 
to go. · Adapting its course to that of the underlying Silurian, it makes 
the sharp bend below station 55, and then, running in an easterly direc
tion, gradually pinches ont until it becomes very narrow. Owing ·to 
the overflows of trachorheites, only small patches of it are exposed on 
that easterly line, large masses apparently being covered. Remaining 
in a conformable position to the underlying rocks, the Carboniferous 
follows the second bend north of station 58', and thence con~inues south
ward in a very narrow strip for about six miles. At that point then 
the lower _limestones are deflected a little to the west; the sandstones, 
farther north of no great dimensions, are enormously developed ; and the 
upper limestones make their appearance. Of the latter~ a spur bl'anches 
off to the east and runs through a granitic country for a distance of 
about .. seven miles, dipping northeast to east, and then comes to an end 
without connecting again. · 
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The sandstones extend down to the .Arkansas, form the bed of the 
river for some distance, and are again found on the other side. Pro
ceeding to the consideration of the stratigraphical and lithological con
ditions observed in this formation, I refer to section A, Plate VIII. 
Reclining upon the reddish Silurian sandstone, and conformable with 
it, is a thick stratum of yellow and brown sandy shale (d) covered by 
light-yellow and gray shales. These two strata weather very regularly, 
forming a gentle slope, whi~ is broken by the overlying limestone, (e,) 
giving occasion to the formation of a gradually-rising bluff. On expos
ure, this limestone weathers white, while its color on a fresh break is 
grayish blue. Quite near the top of the eminence formed by it, af~w 
fossils were obtained, representing Orthis, Pro~ctus, and Ortlwceras. 
Overlying the limestone, we find shales of a gray and brown color, (/, g,) 
-which in turn are succeeded by other shales, more sandy, however. All 
of them weather quite dark, and produce a gently undulating surface, 
which is brought to a close by a series of heavy strata of dark-blue 
limestones, (h,) capped by brown sandstone, (i.) The latter is middle
grained, partly argillaceous, and contains small aggregations of magne
tite crystals. 

To show the position of the Carboniferous with reference to surround
ing formations, a section may serve, running from station 46 in a course 
of east 60 north for a distance of about twenty-one miles. (Section· B, 
Plate VIII.) 

Station 46 is located on the west side of the Arkansas, on a mountain 
of :probably Post-Silurian granite. Descending from that into the valley 
of the Arkansas, we find the hase covered with drift. On the east bank 
of the river, a bluff of light-colored trachyte (a) rises abruptly, forming 
a snall cone, the edges of which partially overflow the succeeding red 
granite, which forms low hills, until the steep Silurian ledge is reached. 
In cetail of the Silurian I may refer to section A, Plate -VIII. It has a 
dip of l60 to 120 eastward, unrlerlying the Carboniferous strata. For 

. the latter the character given in section A is applicable. Descending 
to an elevation of about 9,360 feet, (camp 46,) the trough of a shallow 
synclinal valley is reached, and from that point · the strata begin to rise 
again toward the east, gradually at first, increasing, however, to a rise 
of J5o. The sandstone upon which station 54 was located does not ex- · 
tend far enough ·north to be cut by this section. It was impossible to 
determine whether the Silurian again outcrops at this eastern junction 
of Carboniferous with the granite, but it seems highly probable. Gran
ite that is lithologically identical with that between stations 51 and 53 
appears east of the edge of the termination of sedimentary beds. Tra
chorheites (e) form the last member of this section, having overflowed 
a large portion of the granite, and not unlikely also some of the sedi-
mentary beds. · 

Nearing Badger Creek from the west, the Carboniferous narrows with the 
Silurian, while the sandstone of station 54 pinches out entirely. About 
five to six miles south west of station 56 a very interesting and in
structive point is found demonstrating the position taken by the volcanic 
rock to sedimentary. The section, a portion of which has been used 
in to illustrate the geognostic features of the Silurian, is taken so as to 
cnt the points referred to. Overl,Ying the yellowish shales, interstratified 
with. quartzites, which have been referred to the Upper Silurian, are 
a series of blue limestones ( l) Jrregularly alternating with gray shales 
containing Orthis and crinoids. I Possibly these shales mi_;ht be regarded 
as Devonian, but the absence of any tspical fossils by which a correct 
classification could be made, allows them to be placed either in that posi-
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t.ion br as the oldest Carboniferous, which I prefer in this instance for 
stratigraphical reasons. Bluish shales (n1-) that have been eroded con
siderably follow, forming the bottom of a narrow valley, and are covered 
in turn by a gray saccharoidal limestone (n) rising steeply from them. 
A gentle dip, about 70 to 10o, pervades throughout, gradually lessening 
toward the northeast. Proceeding onward· in that direction, the red 
sandstone, which has not appear~d for four or fivemiles along the line 
of Carboniferous outcrop, is again· found, f<'Jrming bluffs of the classical 
"hog~ back" shape. On the summits -of these low bluffs irinumerable 
fragments of yellow, red, and brown jasper were found, a circumstance 
which I have observed in several instances in the same formation, 
although many miles distant, thus affording probably a slight hint for 
the para.llelization of strata. Following along the section-line, a smaJI 
quantity of rhyolite is found to have overflowed this red sandstone, (e.) 
lt appears again, however, ·probably owing to erosion, about three-quar
ters of a mile farther on, (e.) The rhyolitic bluff' in question is a boat 
80 to 100 feet high, weathering in grotesque forms. Andesitic tuffs and 
rhyolite again cover the sandstone, so that the line of junction can be 
traced for several. hundred yards. A slight folding seems to take place 
at this second exposure of the sandstone, possibly owing its formation 
to the lateral pressure coming from north . and northeast during the 
period of mas:::;ive volcanic· eruptions. To facilitate the ready comrre
hension, both of locality and distribution of the formation, a diagmm 
bas been prevared, the dotted line indicating the course of the sec
tion. 

South of the points just under consideration, the Carboniferous again 
follows the Silurian. in a very narrow strip, on its sudden turn, until 
it reaches a locality about five miles east of station 57', where it sud
denly widens out, covering a comparatively large area of land. Ofthe 
lower limestones, a portion follow along the Silurian, conformably over
lying it, and are in turn covered by the red sandstone mentioned above. 
An immense development of vertical dimensions is attained by this s:;.nd.
stone, which covers an area of more than twenty-five square miles, and 
dips at an angle of 150 to 17o to the northeast. In respect to stiati
graphical conditions as well as lithological character, its strata preEent 
a very uniform appearance. Taking the thickness of the combined 
strata, it aqwnnts to more than 5,000 ·feet, while the development in 
section b seems to be still greater. To this sandstone, characteristic not 
only as an excellent geognostic horizon, I give · the name of Arkansas 
sandstone, from its proximity to that river. Running parallel with the 
main direction of the formation just spoken of, is a spur of Carbonif
erous limestones, west of stations 60 and 61, separated from the remain
der by a strip of granite. A well-marked line of sharp bluffs, the strata 
of which dip steeply to the eastward, faces the western border of this spur. 
llavosites and a few other fossils that were found afford noreliable clew 
to their position, but for stratigraphical reasons it must be considered as 
properly belonging above the Arkansas sandstone. Gray and bluish 
limestones compose the entire mass. 

As a rule, the CarbonH'erous beds form a continuation of the grassy or 
wooded slopes initiated by the Silurian; and having suffered but little, 
scarcely at all, from disturbances of various ldnds, usually present 
gentle outlines, varied, however, by the more sterile sandstone areas. 
Possessing a dark-red color and singular uniformitjT in features, the lat
ter make a less pleasan.t impression than the timbered limestone hills 
inclosing 'iVell-waterd valleys. . · 

Between the formation last spoken of and the next one following, a 
wide gap occurs in the adopted succession of geological epochs. Next 
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in age to Carboniferous, progressing from old to younger; we find in sec· 
tion a a series of beds that I combine under the term Mesozoic. 

It remains to be stated that in the subsequent pages this word is used 
to denote a formation, or a series of formations, younger than the Per
mian, older than the Cretaceous; so that its agQ will rank with that of 
the Triassic and Jurassic. Although strata that must be referred to 
this group cover a large extent of ground throughout Colorado, the pale
ontological evidence that has been furnished, by which its relative age 
might be determined, is v~ry scant-too scant altogether to admit of 
any thorough or strict identification, and it is necessary therefore to 
assign to them the position indicated with some reserve. 

Interrupted at a number of places, this formation is found all along 
the eastern slope of the Front range in section a. Following up Oil 
Creek, we find that a bay existed there as late as the Cretaceous period, 
a.nd the Mesozoic beds are exposed at a number of points. West of 
Canyon City the same beds are exposed, but do not extend into the Cre
taceous bay that there runs parallel to the Arkansas Riyer. The strata 
composing the lower portion of this ~eries are usually termed the " red 
beds," and form more or less steep bluffs, standing out boldly from the 
underlying granite, and frequently weathering in grotesque groups. 
Although not so strikingly picturesque as the Garden of the Gods near 
Colorado City, farther smith of that locality a number of small "gardens" 
may be seen that owe their singular seenery to the presence of these 
red beds. 

Beginning at the north end of the Front range, as far as it is inclosed 
by the limits of section a., and traYeling southward, the ayerage thick
ness of these beds is found to undergo but comparatively slight changes. 
A series of sections comparing the succession of formations was taken 
along seYeral points of the eastern border of the range. The first one 
runs through station 97, the second at station 96, the third a short dis~ . 
tance west of Canyon City through station 11. All these have been 
taken at right angles to the local trend of the range, thus "Varying from 
east to south in direction. First examining the section through station 
97, (Plate X, section A,) we find coarse-grained red sandstone resting 
immediately upon the granite, dipping at an angle of 180 to 200 to the 
southeast. Throughout the entire section, the angle of the dip decreases 
as the distance between the . point of observation. and the junction with 
the granite increases ; therefore, no further mention will be made of it. 
The sandstone just mentioned is ·covered by a stratum of white, also 
coarse-grained, sandstone, which in turn underlies red. Upon this is 
deposited a stratum that presents a ·good, well-defined horizon throughout 
section a; it is the coarse-grained red conglomerate, (c,) varying some
what in thickness. It may be observed that toward Canyon it gradually 
increases. Small bowlders are its component parts, usually well rounded, 
quartzitic in character, but not sufficiently well identified to assign them 
to any one of the observed formations as their original place of .deposi
tion. Argillaceous material cements them, and it can be said that from 
the character of the single fragments found it may be inferred that 
they formerly belonged to some stratum or strata deposited by mechan
ical action. A series of red shales (d) coYer, this conglor_p.erate, very 
sandy in places, so that they might almost be considered as highly argil
laceous sandstones, easily yielding to atmospheric iutluences. Thick 
strata of red sand8tone follow, overlaid by w bite and yellowish shales, ( e,) 
partly dolomitic, interstratified · with banks of limestone. Rising up 
from these beds in a characteristic bluff -is a yellow sandstone, (/,) some
times shading oyer into brown. Red sandstone overlies, and these two 
together probably form Cretaceous No.1. White shales and limestones 
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alternate, producing Cretaceous fossils, and after they have continued 
for some time, after the bluffs reach far into the prairie, another sand
stone bluff makes its appearance, which may be regarded as the lowest; 
or one of the lowest members of the Tertiary, (i.) Throughout the red 
beds no fossils were found. Proceeding in a southwesterly direction, 
the section (B) taken through stq,tion 96 presents the following aspect: 

Reclining against the granite of the Front range we find a red sand
stone, dipping off to the southeast at an angle of about 22°, covered by 
thin stratum of bluish limestone and then white sandstone. Above 
these red sandstones occur again, underlying the red conglomerate (c) 
mentioned above, which bears the same character throughout. Red 
shaly sandstones are found above the conglomerate, becoming more com
pact as they go higher, (d.) Overlying these there are bluish and white 
shales, ( e,) partly dolomitic, covered in turn by a brownish-red sandstone 
(/) that is mostly quartzitic. This sandstone for:ms the l>lufl' upon which 
station 96 was located, and contains numerous remains of leaves. White 
sandstones, and higher up white marls, shales, aud limestones, are found 
above ~t. Analogous to the preceding section, a new blufl' is eventually 
formed by white and y~llow sandstones, (i,) belonging perhaps to the 
Tertiary. 

Through station 11, about a mile west of Canyon City, tlte third sec
tion is located, running almost due east. (Plate X, section C.) Granite 
again underlies the red sandstone, dipping at an angle of about 24° to 
the east. .The succession of strata is almost ideutical with that given in 
the preceding sections; but the red conglomerate (c) occurs in greater 
thickness than heretofore noticed, and also the b'eds overlying it are more 
developed. Again, the high bluff is formed by a yellow to light-brown 
sandstone, (j,) overlying the upper Mesozoic s hales, (e,) underlying the 
succeeding Cretaceous ( ). By giving these three sections in tabulated 
form the constancy in the succession of their strata will become more 

· evident. In the subjoined table the strata are arranged without refer
ence to their thickness, which, as a rule, increases slightly from section 
A to B and to C. · 

I 
SECTION A, PLATE X. 

I 
SECTION B, PLATE X. SECTION C, PLATE X. 

White sandstone. I Yellow and white sandstone. 
Yellow· sandstone. 

White sandstone and marls. Brown and yellow shales. 

Yellow and brown sandstone. 
White sandstone. 

Lignite formation. 

Yellow shales. White and yellow shales, inter-
stra tified with limestones. 

White, gray, and yellow lime· 
stone and shales. 

White limestones and shales. White and gray limeetone, with 
Inoeera1nus. 

White limestone and marls. 
White sandstone. 

White limestone. 

Yellow marls and shales. 
Red quartzite. 

Red quartzite. 
White shales. 

Yellow sandstone, with plants. I Roddish Mnd•~no, with phnU>. Yellow sandstone. 
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Yellow shales and limestones. 
White and gray quartzitic sand-

Yell ow shales. stone. 

White shales and dolomites. 

White shales and marls, dolomitic. 
White sandstone. 

Red quartzitic sandstone. 

Grayish and greenish shales. 

Red sandstones, partly shaly. Red sandstone. 

Red and brown shales, sandy. 
White sandstone. 

Red shales, sandy. ... Red sandstone . 
Red sandstone, shaly. 

Red conglomerate. Red conglomerate. Red conglomerate. 

Red sandstone. Red ·~.:~andstone. 
Red sandstone. 

Wihte sandstone. 

White sandstone and shales. Bluish shales and limestones. 
Red shales . 

. 
Red sandstone. Red sandstone. Red sandstone. 

Granite. Granite. Granite. 

Around the eastern and northeastern base of station 11 the red beds 
are found at ~.!most every point varying to some extent in the angle of 
their dip ; although, taken all in all, the disturbance producing the 
never-missing dip in the Mesozoic beds must have been quite a consid
m·able one; but, strange as it may seem, it was certainly one that 
extended over a large area of country, for I have not noticed a single 
instance along about seventy miles of the eastern slope which came 
under my observation in which these beds were ·not conformable with 
those overl,Ying them, and, as far as could be judged, also with those 
underlying. Undoubtedly, theaction producing this effect must have 
been of a very simple and uniform character, although probably con
tinued for some considerable length of time. 

On the eastern border of Oil Creek Valley, the red beds are exposed 
only at a few isolated points; but along the western side, they form one 
almost continuous line, and it is there that the general rising of the 
heavier masses of land west of it seems to have been stronger. In con
neetion with this formation, a number of investigations must be mention
ed that have been made in Oil Creek Valley, from the nature of which 
this stream has received its name. In 1860, examinations were carried 
on at this locality with a view to finding oil, small quantities of which 
had been noticed floating on the creek.* 

Several shafts were sunk, yielding more or less oil during the past ten 
years, a heavy quality of which seems to be existing in the higher Me
sozoic strata. Apparently the shafts were started on Cretaceous ground, 
and were continued through a series of shales, sandstones, and lime
stones, with some yield of oil, until the red conglomerate was reached 

*The information upon this subject I owe to the courtesy of A. Rockfeller, esq., 
of Canyon City, who kiudly supplied me with the data, for which I wish to express 
my thanks. 
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at a depth of about 240 feet. No careful record was . kept of the f:il."L-ata 
through which the drill passed, but it struck a" rotten red sandstone" 
above the conglomerate. That the hard bowlders contained in the 
conglomerate would be very injurious to the chisel can readily be im
agined. In order to carry on boring-operations, a derrick of 64 feet in 
height was erected, and the chisel and drill used weighed, together 
with socket, &c., 2,500 pounds. At present the works are not in opera
tion, owing to a temporary absence of the operators. 

Judging from evidence obtained in Doctor Peale's district, as well as 
from a point in section b, it seems altogether probable that older forma
tions underlie, frequently conformably, those we find upon the surface. 
As far as determinable, no red conglomerate crops out in Oil Creek 
Valley, although the evidence of its existence there, at a depth of 240 
feet, is afforded by the results obtained, and this existence may furnish 
hints for inferences to be drawn at other localities, where similar circum
stances occur. A section through Oil Creek Valley, running nearly 
north to south, (Plate XI,) will show the relations of the strata. ·Anal
ogous to the Mesozoic sections previously given, the red shaly sandstone 
(c) is overlaid by whitish and greenish shales, (ef,) separated from those 
superincumbent by a thin stratum of brownish sandstone. Above this 
sandstone remains of saurians were found, fragments of bones, but too 
poorly preserved to admit of any identification. Whether they are in 
situ or not at that point I am unable to say. Overlying t4e Meso
zoic, we find in this valley the Cretaceous, beginning, as usual, with a 
yellow to light brown sandstone. A number of box-shaped bluffs are 
formed by the upper shales and capped by this sandstone. Taking a 
section through one of them, situated a short distance north of station 
88, we find the following succession, (Fig. 1, Plate XII:) 

a. 60 feet red sandstone. 
b. 4Q feet white and greenish shales. 
c. 8 feet brownish sandstone. 
d. 35 feet white and yelJow shales and marls. 
e. 10 feet light-brown sandstone. 
f. 25 feet white sandstone. ·• 
g. 40 feet lfght-brown and yellow sandstone, interstratified with dark

gray slaty shales. 
Only a very small area is covered by the l\iesozoic formation in section a, 

as it; is exposed mainly along the eastern edge of the Front range, merely 
in a narrow, sometimes broken, line. V\-~ith the exception of those occur
rences along Oil Creek, in the mouth of the Cretaceous bay, west of Can
yon, and at a point north of station 95, t~e remnant of some small bay, 

. section a shows no strata removed from mountain-slope that might be 
referred to this group. Careful in\estigation, perhaps the discovery ·of 
some fossils in these beds, may lead to a recognition of their proper 
position in the adopted scale of geological ages ; and until that is accom
plished, it will be 11ecessary to speak with reserve when parallelizing 
these formations with Triassic and Jurassic of other regions. 

Continuing in a conformable series, we find the formation referred to 
the 'rriassic and Jurassic overlaid by the Cretaceous. The character of 
the Cretaceous formation in the western Territories has bBen so wt>ll 
established that it is comparatively easy to identify its various members 
and refer them to an adopted schedule. As seen in the sections of Plate-, 
a very distinct horizon is formed by a stratum of yellow or brownish 
sandstone, quartzitic at times, usually capping a row of blu:fl's. ThiB 
sandstone contains numerous remains of plants in different stages of pres· 
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ervation, and forms the lowest stratum of the Cretaceous. It is Creta
ceous No. 1. At Canyon City, the sequence of the strata can be well seen . 
by ascending one of the bluffs north of the Soda Spring, and lookjng 
eastward. · 

Retaining the same curves that are followed by the underlying strata, 
~he Cretaceous skirts the east and southeast slope of the mountains 
:,hroughout section a., dipping more steeply near them, a.pproaching the 
level toward the plains. At Oil Creek it forms a bay of about eleven 
miles in length and from two to six miles in width; another SJDaller one, 
of about three to four miles in length, is found · a short distance west of 
Oil Creek. More gentl)' rolling surface characterizes these bays with 
their low bluffs. West of station 11 another bay, about as long as the 
one up Oil Creek, occurs, but ver~y narrow. Opposite station 10 this bay 
forms an oblong arm, crossing the Arkamms. Throughout the Creta
ceous strata are conformable with tlwse underlying, so far as could be 
determined. The •beds show very little variety, and but few fossils 
were found in them, Inoceramus and Ostrea being among ·the most 
numerous. At Canyon City a spring rises in the Lower Cretaceous beds 
that attracts considerable attention on account of its agreeable taste 
and freshness, in consequence of a liberal supply of carbonic-acid gas. 
This spring is located about a third of a mile west of Canyon. A quali
tative analysis is given by Mr. P. Fraser, (Report United States Geolog
icar Survey, 1869, p. 218,) showing the following constituents: 

NaO COz 
MgO COz 
CaO COz 
Alz 0 3 

Fe, trace. 
I, trace . 

.A comparison of the sections given on the Plate will show the uniform
ity existing in the Cretaceous strata sloping off from the Front range 
Above the ~yellow to brown sandstones follow series of white shales and 
lim~stones, forming a row of hog-backs north of Canyon City, filled with 
fragments of Inoceramus. Westward, beyond stationlO, Cretaceous Nos. 
2 and 3 appear, with Ostrea cmnplexa in light-gray to yellowish shales. 
They have a gentle dip eastward, varying several times on account of 
small local changes in the niveau of the valley. A sandstone that may 
belong to No.4 or 5-no fossils were found in it-overlies some of the 
limestones of that region. Apparently Cretaceous Nos. 2 and 3 rest im
mediately· upon granite, and it seems doubtful whether any considerable 
thickness of older strata would be found below. On tbe south side of 
the Arkansas, No. 1 rests upon the granite, so that it is likely to extend 
north ward far enough to underlie the succeeding strata. 

Along the Front range it becomes a matter of interest to determine 
tbe end of the Cretaceous and the beginning of the Tertiary. It seems 
that the age of the Lignitic group following the Cretaceous can only be 
settled by very careful and accurate observations. It is possible that 
the coal-beds farther north and those of Colorado may not be the same 
geologically; and while the determination of their exact position is at 
present based upon paleontological evidence, it does not seem to confirm 
either their Cretaceous or Tertiary age. In section a we found no coal, 
although some of the bluffs showed dark shales. resembling those farther 
south of Canyon, where the coal occurs. 

Some distance from the mountains a number of bluffs occurs along the 
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eastern slope of the Front range, among which probably the Eocene 
must be looked for, but our work did not take us near enough to 
make any sa,tisfactory observations. No unconformabi1ity was noticed, 
although, if there was really one, it would be somewhat obscured by the 
very small angle at which the strata dip off into the plains. 

This will close the discussion of the sedimentary formations of section 
a, and only the volcanic rocks and the " reri:wved" material remains. 

South of Pike's Peak, beginning within a short distance of it, we find 
a large isolated mass of volcanic material. Orographically, this portion 
of the country is characterized by a number of pointed conical peaks, 
the recognized type of volcanoes, although it is not to be understood 
that they are all cones formed by volcanic eruption. Their elevation is . 
generally so high as to let them be commanding points, and several of 
~hem were for that reason selected as topographical stations~ High 
plateaus, covered with grass and quaking asp, usually denote the exten
sive flows of lavoid material, and precipitous clifis, mostly of dark color, 
frequently show curious freaks of weathering. This one mass seems to 
be perfectly isolated from all the rest at present, but probably at some 
former time a connection existed between it and the more westerly por
tions. Going westward, another area covered by it is found after cross
ing Oil Oreek. The character is almost identical with that just described, 
only that the plateaus extend for longer distances. Currant Creek 
forms t he western border of one portion and the eastern of another. 
Near station 56, the country becomes more rolling, more like high prai
ries, with isolated, prominent peaks of volcanic rock. From there, this 
material extends northward and spreads considerably. A fourth por
tion is located immediately northwest of the heavy mass of Arkansas 
sandstone spoken of above. Granitic ou~crops occur in several points 
throughout that portion. To the south it crosses the Arkansas, forms 
a few low hills, and disappears. The western boundary is nearly 
parallel with the river-course, following that sharp b~nd made by the 
Arkansas about eight miles south of Oentreville. Stations 51 and 52 
are located on a little ·spur of a volcanic ridge. As a rule, the volcanic · 
rocks of section a overlie granite,. but in several instances they cover 
sedimentary beds. Erosion, perhaps not without the help of some 
other agent, bas carried away portions of them in such a manner as to 
leave the beds of the largest creeks in granite. Interesting studies 
could be made by attempting to trace the direction and extent of every 
flow of these lavas, and to determine what percentage of them are vol
canic eruptive, what are massive eruptive. 

Upon entering into any description of the volcanic formations of any 
locality, it becomes necessary to define the basis upon which it is done. 
Discrimination in nomenclature of volcanic rocks has been sadly neg
lected, and a number of terms have been applied without any acceptable 
justification. Innumerable varieties, including texture and structure 
as well as mineral constituents, increase the difficulty of arriving at any 
definite conclusions, without a comprehenr:::ive knowledge of the entire 
western volcanic products, .while, on the other hand, the great variety of 
specimens tends to mislead. 

Hichthofen, in his very able monograph On a Natural System of Vol
canic ~ Rocks,* refers the name trachyte to a definite order of rocks, 
comprising within that order two f'amM.ies. The limitation of this term 
that has previously been used indiscriminately for a nnm ber of trachoitl/ 
rocks was undoubtedly a step toward that improvement which is so much. 

* Memoirs of the California Academy of Science, 11-'~8, vol. i, part ii. 
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needed in petrography. Propylite, andesite, trachyte, and rhyolite 
are very clo~ely related in litho1ogical character as well as in the 
mode of occurrence, &c., and almost invariably are found in close 
proximity to each other. It seems impossible to trace, while in the 
fie1d, the ·boundaries of each one of these orders, although propy lite 
perhaps may be more readily separated than the rest, and I shall, there
fore, speak in this report . of traehorheites, which term comprises the 
four above-mentioned rocks. Propylite does not occur in our district, 
so the term will indicate only an-desite, trachyte, and rhyolite, the 

· definition of which is accepted as Richthofen gives it. 
The patch of formations belonging to this group occurring imme

diately south of Pike's Peak presents as its most prominent feature 
lighter colors than ordinarily, varying in color from light red and gray 
to yellowish brown and blui~h gray. Several very regular1JT-shaped 
cones indicate the points of outflow in this portion; l\fount Pizgah 
being one of the most prominent among them. Layers of more or 
less thickness have overflowed the underlying granite, forming high 
plateaus, with quite frequently steep edges·. Farther west we find a 
second large mass of trachorheites, upon which stations 69 and 70 are 
located. Andesite forms the main bulk of this portion, accompanied 
by a series of breccias anti tuffs. Richthofen says, (ibid., p. ~5,) "Ande
sitic mountains are characterized by monotony in scenery. 1'hey form 
continuous ranges, which are often of considerable elevation and extent, 
but exhibit gentle outlines in their summits as well as in their slopes. 
Breccias only, which accompany the solid rock ordinarily in vast quan
tities, cause local interruptions of the monotony by their more rugged 
forms. They appear in castle-shaped rocks on the crests of andesitic 
mountains, and form hig.h walls, naked and steep along their slopes." 
Long and narrow plateaus run out a considerable distance, falling off 
steeply on several sides, usually on those farthest distant from the point 
that supplied them with volcanic material. 

Frequently a · stratified structure is noticeable, giving the bluffs a 
very unique terrace-shaped form. It would be of importance to estab
lish the mineralogical and chemical nature of these terraces relatively. 
At some points, strata of white ashy material, that probably did not 
reach its place of deposition in a liquid state., occur among the trachytes 
and rhyolites, and can be traced for a considerable distance. .As far as 
could be determined, andesite forms the heaviest masses of hills and 
mountains, but immense quantities of tuff and breccia, the latter 
appearing sometimes as if it might have been redeposited by water, 
cover the greater part of the andesite, and allow it to outcrop only at 
comparatively few places. True trachytes are by no means wanting. 
Station 69 is located on sanidin-trachyte, having a maroon-colored 
cryptocrystalline paste, containing a large number of sanidite and oligo
clase crystals, with here and there a crystal of bronze-colored mica and 
of a hornblende prism. The tuff frequently forms cliffs of 100 to 150 
feet in height, thereby imparting a very characteristic appearance to 
the country. The trachorheites farther west scarcely vary iii. character. 
Andesite seems to be the oldest rock among them, and forms the bulk 
of almost all the higher peaks. Station 72 is located on a bluish-gray 
andesite, with microcrystalline paste, with small crystals of oligoclase 
and some of andesite. Narrow needles of hor·nblende are scattered 
throughout, and a small quantity of black mica is found. Upon being 
pulverized, ·magnetite can beextracted from the powder. Hot vesicular 
breccia, tha,t has been covered again by a subsequent flow, and baked 
to a jaspery hardness, occurs . throughout, changing sometimes with a 
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fine-grained ash. One feature I will not omit here, as it is constant in 
the entire western part of section a. Tile long, stretched plateaus, 
having for a basis either andesite or tuff, are almost invariably crowned 
with a highly vesicular flow of the lava, showing andesitic composition. 
The color is dark, almost black ; the paste very even in texture, only 
a few mineral segregations have taken place. In most cases, the vesicular 
cavities have an approximately oval shape; but some were found 
in which these cavities were elongated to the extent of over half an inch, 
probably owing to the fact fthat the material was moved, or moved 
on farther, after having partially hardened. The cavities are frequently 
filled with carbonates of lime. Oligoclase ami sanidite are eontained as 
small crystals in the paste. Hornblende and mica are rare. Magnetite 
occurs quite abundantly. It seems, from the position this material 
has, that it must belong to the andesite, and, therefore, 1 refer it to that 
order, supposing it to be the youngest member. Between the older 
andesite and the one in question a large mass of material is deposited
breccias, tuft's, and ash-this vesicular lava covering them all; but I did 
not observe a single instance where true trachyte was covered by it. 
Referenc.e to the section may show the position of these formations. 
Station 56 is a prominent point, sloping off gently to the south, and 
having a steep slope on the northern side. It is composed of andesite 
of a dark 'color, whence its name, "Blaek" Mountain. The paste is 
fine-grained and dense, not vesicular; small crystals of oligoclase, sani
dite, and brown mica occur throughout. Hornblenfle is rare; magnetite 
comparatively abundant. Although the color of the rock is dark-gray, 
the weathered surface i.s always reddish-brown. Proceeding toward 
the southwest, we find the vesicular andesitic lava overlying this ande
site, but a cut which exposes about 120 feet vertically shows that the 
vesicular material also rests immediately upon a very thick bed, probably 
over 200 feet of volcanic a~ h. This ash is of a white, light-greenish, light
brown to pink color, very soft, so that it will crumble in the hand, or 
may be cut with a knife; it weathers in very picturesque groups, that 
are well set off by the variation of color. Farther down, along the 
slope, the tuff sets in, probably underlying in part the ash. Wherever 
this tuff outcrops, it forms grotesque groups of rocks of a light-grayish 
or yellowish color. After that the character changes; several small 
hills are formed by rhyolite along the base of the mountain, forming ro 
a considerable distanoe small bluffs parallel to it, and partly overlying 
the tuff, partly the Carboniferous sandstone. It is at first red, of jas
pery texture, with crystals of sanidite and oligoclase, also scattering 
particles of black mica. Free quartz can be noticed, but there is not 
much of it. On the second lJlutf, the rhyolite is white; tile paste is not 
quite so compact as that of the red, but the minerals contained in it are 
identical. In some of the rhyolites and tuft's it may be noticed that the 
~anidite has a blqe light, like the labradorite, with ·which it may be readily 
confounded. On the west side of the sedimentar,y formations, tracho
rheites are also found. In the main, they seem to consist in tuffs with an 
andesitic nucleus. True trachyte is not wanting in either the .section 
east or that west of the Carboniferous and Silurian. Its appearance is 
more local, however, and it appa.rantly did not flow to such an extent 
as tbe rhyolites or tuft's. Station 68 is located on such trachyte. Iso
lated patches of granite are distributed throughout the trachorheitic 
area just mentioned; .but the granite that appears. is rarely the well
known coarse-grained red variety surrounding all these volcanic forma
tions; it is always more or less ·metamorpho~ed. Stations 51 and 52 
are located on .a narrow strip of trachyte running down from the north~ 
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east. It is of white color, witb sanidite, oligoclase, black mica, and iso
lated crystals of hornbl~nlle. 

The traehorbeites in section a have a main strike of about 10° north 
of east. They form numerous little volcanic islands, owing to the 
weathering of their own an(!. the under-lying strata. 

Besides the tracborheites, and p_erhaps one or two points of propylite, 
which are doubtful to me, however, I have not been able to observe any 
other volcanic rocks in section a. There remain to be discussed yet 
the dikes, drift., and ore-deposits. 

A large number of dikes, running from north to south, traverse the 
granite of the section under consideration, varying in breadth from 2 to 
100 feet. In most cases they present a dioritic composition, consisting 
mainly of feldspar and hornblende. The latter occurs either dissemi
nated in fine grainf:) throughout, or radiated or segregated in long, poorly
developed crystals, or, particularly toward the two outer sides of the 
dike, the born blenqe assumes a schistose character. Mica is rarely want
ing. Quartz occurs quite frequently, although not entering into the 
mineral composition sufficiently to change its character. Epidote almost 
invariably occurs in smalllig~t-green crystals, lining small fissures and 
cavities that may have formed. It seems probable, from the compara
tively small extent of these di~es, that they owe their existence to infil
tration and segregation in. preference to injection, although in some 
cases the latter may be true. They win be found more frequently on 
the crests of mountains and bills than at any other part. Drift we have 
none in section a, except a few very small patches along the Arkansas • 
Hiver-merely a deposition of pebbles. No deposits of ores were found 
in this section. 

Resume of Section A.-As far as could be determined, little if any dis
turbance took place in section a before the closing of the Carboniferous 
period. The eruptive activity that upheaved tlle Sangre de Christo range 
in section breached over into seetion a, occurring probably at a period 
shortly after the deposition of the Carboniferous formations. The 
Arkansas sandstone in the western part of tbe section, as well as the 
limestone under- and overlying it, owe their northeasterly dip to 
the action above mentioned. At the adopted end of the Cretaceous 
period the entire Front range began to rise very grad ua.ny, not rising 
equally in the entire mass, but faster along a line well ·marked by the 
present boundary of the granite. During that rise a sufficient amount 
of land was exposed to allow the formation of the lignitic group to go 
on at favorable points. This gradual elevation seems to have been ac
celerated at certain points a little more than at others, although it was 
comparatively -very uniform. By this means the beds reposing on the 
granite were gradually raised; they may have been partly broken, so as 
to be carried away more readily by erosive action, but probably in no 

· instance did they cover much more of the granite than at present. Dur
ing the deposition of the older Tertiary beds this gradual rise seems to 
have been still going on, Ro that an unconformability that might be ex
pected is mor·e or less obliterated. The extent of tJte motion was not 
very far inland, but, as mentioned aUove, occurred along a line running 
parallel with the present boundary of the granite. Although antici
pating, I will state a feature observed in section b that may serve to 

21 G S 
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illustrate this view. From the Cretaceous bay that runs w~stwar<l past 
station 11, a small arm of olJlong shape extensls southward, crossing 
the ~-\rkansas. The dip all along the granite boundary in the bay is 
toward the east to northeast, very slight-only 3 or 4 degrees in the 
western end of the bay-but the southern .arm, which is west of the line 
of rising, shows a dip to the west and southwest throughout of about 7 
to 10 degrees, increasing toward station 11. No merely local cause 
could be found to explain this ; and as all the evidence obtained points to 
the fact that the main mass of the mountains partook but slightly of 
the tendency exhibited by the portion nearer to the ancient coast, this 
fact may be considered as arguing in favor of the adopte.d view. In 
the western portion of section a, a gradual rise also took place, which 
gave the 8ilurian and Carboniferous their northerly .and northeasterly 
dip. I feel inclined to ascribe this to the eruptive activity going on in 
the sections farther south, and shall have occasion to speak of it again 
in discussing the dynamical geology thereof. 

Perhaps contemporaneously with, certainly not very long after, the 
elevation of the granitic masses, occurred the immense eruptions of 
trachorlleites. In quantity, probably the tuffs and breccias exceed the 
other forms of volcanic rocks in section a; next are the andesites; then 
the trachytes; and rhyolite seems to be represented by the smallest 
quantit;y. The eruptions were mostly massive, not volcanic, although 
quite numerous cones and craters exist that have preserved their char
acteristic shape very well, and usually present commanding points. A 

• large quantity of the ejected material must have been in a liquiU state, 
while part of it may have bPen deposited analogous to the deposi•t of 
ash covering Herculaneum and Pompeii. After "ash " had been thus 
deposited, frequently subsequent flows of lava covered it, and produced 
a metamorphic state. The general aspect of the country at the time of 
these eruptions was probably a very monotonous one; comparatively, 
but small effects had be~n achieved by erosion, as is shown by the very 
extensive and numerous plateaus formed by the trachorheites. It seems 
quite likely that the c1isturbance caused by all these eruptions bad a 
tendency to upheave the main mass of granite, wllich no doubt occurred; 
but it seems further that, in section a,, the uplifting of the sedimentary 
beds of this Front range was not owing to any eruptiYe action, because 
in that case local variations from the more general features would. be 
more frequent and more evident. I may here refer to Plate . Yet , 
a 'vord may be said regarding these sedimentary formations. All along 
the line of granite, the action was so uniform that almost throughout 
the same beds rest upon it apparently, with the exception of the two 
Cretaceous bays. From evidence obtained fa,rther north by Dr. Peale, 
.as well as from a local feature observed in the southern part of section 
,b, it may be conclusively inferred that older formations underlie those 
that are exposed; that the Carboniferous and Silurian are not wanting, 
.although they do not outcrop at even a single point throughout the 
entire Front range of section a. Wherever the rise of the granite has 
progressed sufficiently, the older formations can be and are found. 
Reversing the sentence, it wil1 be seen that, wherever they have been 
identified, the mean relative altitude of the underlying granite is greater 
than the mean of other points. · 

. The two Cretaceous bays were probably never invaded by Tertiary 
waters. When the increase of water occurred that we must accept for 
the Tertiary period of that section, they had already risen too high to 
be touched by it. 
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CHAPTER III. 

GEOLOGY OF SECTIQN B, SAN LUIS DIVISION. 

Section b covers considerably more ground than the preceding one. 
The eastern boundary is formed by the easterly limits of the district as-

. signed; the northern one, by the Arkansas River; the western, by Pop
cho Pass and the western borders of San Luis Valley; the southern, by 
the southern limit of the district. Orographically, this section is sepa
rable into four natgral divisions: 1. The heavy massive granite mount
ains, with the Wet Mountains to the east; 2. Wet lVIountain Valley, 
at the western border of them; 3. The Sangre de Christo range, divid
ing it from; 4. San Luis Valley. The character of the southern con
tinuation of the Front range presents but little variation from that given 
in the preceding section. Some differences are occasioned by the t.hick
ening of the Mesozoic beds farther south, and the range is devoid of 
those characteristic little groups exhibited farther north in the Garden 
of the Gods. As a rule, the bluffsrisingeastofthetermination ofthegran-

. itic range are higher and more bulky; their appearance remaining very 
similar to those farther north, howev.er. Although never rising to any very 
considerable altitude, the granitic mountains of the Front range present 
a heavy aspect; deep, and frequently quite rough, canons intersect the 
country. 

Toward the western and southwestern portions of this bulky range, a 
long narrow strip of trachyte occurs, varying somewhat the character; 
single high peaks appear, accompanied by the well-known high narrow 
plateaus. Little parks are dispersed througbout' these mounta.ins. Wet 
l\iountain VaHey might be called one of the larger parks, extending 
along the east base of the Sangre de Christo range. This range rises 
abruptly from the valley to an altitude of 12,000 to 14,000 feet absolute 
height, giving it a rela~ive one of 3,000 to 5,000 feet. Following. in its 
course an almost straight line for forty miles, it presents altogether a 
very imposing sight. The average width of the Sangre de Uhristo range 
is not much over ten to twelve miles, which, compared with its length 
and relative altitude, is small; and as the color of the rocks composing 
the mountains is dark, the range appears to very good advantage. 

A naked and sharp appearance is presented by the peaks of this 
mountain-range. Extending beyond the timber-line, their highest 
slopes are composed of loose rocks, usually with steep descent into one 
of the canons formed at the side of the highest points. 

San Luis · Valley· slopes off gradually west from the Sangre de Christo 
· until its lowest point is reached almost in the middle; then it rises again 
just as gradually to the westward. 

Granite, as in section a, forms the chief bulk of the mountains in sec
tion b. It occurs mainly in an immense wedge-shaped mass, beginning 
at the A:r:kansas River and extending onward to the southeast until at 
last it pinches out there. Its eastern boundary is determined by the 
boundary of the Front range, its western partly by the base of the 
Sangre de Christo, farther south by the border of Wet Mountain Valley. 
At Poncho Pass, the northwestern limit of section b, the granite is found 
extending over from the west. 

Granite of a different character and different appearance forms the 
center of the Sang1;e de Christo. It crops out all along the crest of the 
range, so far as could be determined, with the exception of a single 
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place between stations 19 and 20, where the sedimentary rock making 
up the greater part of the range forms a bridge. Almost throughout, 
with the exception of the eruptive, the granite preserves a very uniform 
character, very similar, if not identical, with that of section a, a 
type that I am inclined to regard as the oldest of that portion of the 
Rocky Mountains. There is but little variation in the granite of section 
b, with the exception of local accumulations of mica, whereby a more or 
less stratified appearance is obtained, and of numerous dikes-partly 
schistose, with mica, partly hornblcodic-that have some influence upon 
the character of the surrounding rock. In the Sangre de OhriRto range 
the eruptive granite is very similar throughout, but totally distinct and 
different from any other granite found in the sectioll.. 

Beginning in the north west corner of section b, we find the granite 
identical with that north of the Arkansas, gradually changing, however, 
in texture toward the south, where it becomes a little fi ner in grain, has, 
perhaps, more mica, and therefore alters its structure somewhat. Where 
Hardscrabble Creek flows out into the more open country immediately 
east of ,the granite, the latter assumes nearly the character of gneiss, 
becoming more lamellar, and showing a decided tendency to stratifica,
tion. 'rhe color of the feldspar, too, usually is a little lighter than far
ther north, and the mica black. In its main outlines, how~ver-in the . 
weathering and formation of canons-there is but little difference. On 
station 13, near Oak Creek, a very curious phenomenon was noticed. 
·Naked rocks compose the crest of a narrow ridge running approximately 
east and west, upon which the station was located. On the north side 
the rock was perfectly planed, about 100 feet in length and 50 feet high. 
This planed surface was stria ted horizontally with strirn varying from 
1 to 4 inches in wiuth. Toward the west they bend oft' from the hori
zontal direction, falling downward. A good idea of it can be obtained 
from the illustration. At first a vision of glacial action presented itself; 
but upon examination it was found that the large slab reclining against 
the base of tbis rock was striated on its under surface in precisely the 
same way. It is evident, therefore, that this striation must have been 
produced by a friction of these two portions of rock upon each other, 
and that the motion must have been first a horizontal, then a declining 
one. As to the cause producing this phenomenon, I am unable to give 
any positive statement. I merely wish to remark that glacial action 
must be out of the question entirely, being precluded by the orographi-

. cal character of the surrounding country. . 
Toward the north west of the great wedge-shaped mass of granite, it 

becomes very coarse-grained, is of dark color, and frequently shows 
apparent stratification. Having observed the structure of granitic · 
masses throughout the country surveyed during the last sea.son, I ha\Te 
tllought to observe that wherever the feldspar is very predominant in the 
granite, particularly as regards its occurring in continuous pieces, the 
granite presents a more or less stratified appearance, owing to the influ
ence of the planes of cleavage. Upon weathering, this becomes more 
apparent still. 

An entire change is noticed, however, in the character of the granite 
as soon as the Sangre de Christo range is reached. Almost throughout 
the entire length of this range, the core of it, the tops of the higher 
peaks are formed by this new variety. It occurs as a central mass of the 
range, anatomically speaking as its backbone, and is only bridged over 
at one single point as far as conld be determined. On either side of it 
lay the heavy strata of Arkansas sandstone, dipping off from the gran
ite at steep angles. At first sight this rock might be mistaken for 
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· syenite, as it resembles it quite closely in its lithological character. Tbe 
color is gray, the texture fine to midd'le:grained, and very uniform. The 
feldspar is light gray, white, yellowish, and small crystals of white 
oligoclase are di8persed throughout the mass. Quartz is colorless to 
white, the mica black, sometimes in crystals. Tlle position that this 
granite occupies with reference to the superincumbent sedimentary 
strata, renders it of the highest interest. In the re8ume of section b, 
this will be spoken of at more length. Over to the north west, toward 
station 1, the granite assumes a slightly gneissic character, owing to a 
considerable quantity of mica contained therein. 

Gneiss occurs at one point in section b, but has changed its character 
to a considerable degree. Hunt's Peak, at the northwest end of the 
Sangre de Cllristo range, is composed of gneiss, and from there it ex
tends for about six or seven miles to the northwest. A thorough meta
morphosis has taken place, and the micaceous parts have-agglomerated 
in such a manner as to appear like concretions, and are contained 
between the planes of feldspar. In weathering, the quartz, feldspar, and 
smaller miQa partiele:s fall off, leaving these button-shaped nodules pro
truding on the faces of the rocks, thus presenting a very peculiar ap
pearance. Besides the \vhite micaceous portions, black mica is dissemi
nated throughout the rock. ~'he quartz is white, in small particles, the 
feldspar in very small qual!tities, besides the large buttons, mica, both 
black and white predominating throughout. Although having stratified. 
structure, the rocks, thanks to metamorphosis, weather more like gran
ite. 

Hornblende-rock may be the general name for a group comprising sev
eral (Ustinct species of rocks. It has been a question how the horn
blendes of the Rocky Mountains are to be considered, because minera
logical differences frequently cannot be found between ~pecimens from 
narrow local dikes and specimens of a rock that builds up mountains . 
.All that are found in section b are merely crystalline aggregates, with
out any distinct paste, there! ore must be excluded from the category of 
volcanic eruptive rocks. In the eastern portion of the section, horu
blendic material occur~ only in the form of dikes, and will be treated of 
under that• head; but at station 15, toward the west, we find these rocks 
in more considerable masses; several hills of 500 or 600 feet, relative ele
vation are composed of it. The structure is that of a stratified rock, not 
infrequently inter-stratified with bauds of granite, mostly having a g·en
tle dip, in this instance to the eastward. It is composed of small crys
talline particles of hornblende and oligoclase, joined together rather 
loosely, without the slightest intimation of a nwgma. Small rounded 
nodules of a green mineral that seems to be pargasite are dispersed 
throughout it. Although, mineralogically, there would be no objection 
to calling this rock diorite, lithological features do not correspond. This 
point is perfectly isolated, located near the beginning of a long, narrow 
patch of trachorheite , at first suggesting its being propylite. On the 
western slope of the Sangre de Ohristo range more hornblendic rocks 
are found. Immediately west of station, 16 they begin, forming a nar
row belt near the base of the mountains, and there they are dioritic. 
Hard and tough, they resist alike the influence of atmospheric condi
tions and the geologist;s hammer, while the scaly plate-like fragments 
produce an uncomfortable ascent. Farther north in the range, near 
Hunt's Peak, another mass of these rocks occurs, forming some of the 
high peaks of that neighborhood. Again they differ in character, how
ever, and instead of a diorite we have hornblende-schist. Thin nar
row cry:::;tals of hornblende, in immense quantities, are mixed with a 
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small quantity of quartz and still less mica. The color is a dark brown 
to black. At a few points the mica predominates, changing it into 
mica-schist. From those high localities tile horn blendes come down 
north ward into the foot hills, until near station 4 they disappear again. 
In speaking of section c we will have occasion to dwell upon these rocks 
at more length. 

\Vith this the Antizoic rocks of section b are exhausted, and we go on 
furtller to the sedimentary. The Silurian is again found, although in 
small quantities. It skirts the foot-hills bordering upon the Arkansas 
valley in section c, and a small continuation of this belt has reached sec
tion b. Southeast of station 4 a narrow strip of but a few miles in 
length appears, dipping off toward the north. Of the Carboniferous, 
however, section b contains more than the two others. That mass of 
Arkansas sandstone described in section a, changes its course slightl.v 
to the southeast when crossing the Arkansas, and forms the main bulk 
of the Sangre de Christo range, where the tllickness of its strata is 
I'emarkable. The lower limestone that we ha,ve farther north also ap
pears immediately south of the Arkansas, near the junction of the South 
Arkansas, and accompanies it for the distance of about fifteen miles, 
uniformly dipping ofl:' from the mountains toward the river. As no fos
sils at all were found in its strata, it was simply determined by its rela
t ive position to the Arkansas sandstone and its petrographic features. 
Another little patch of it appears about five miles northeast of station 
16, where the dip of the strata is inverted. Opposite station 5, the Ar
kansas sandstone forms the bed of the river for several miles, and 
crosses over on the south side. A tlow of trachytic lava, coming from 
the north, reached this point south of the river after the samlstones had 
already been disturbed, and showed a considerable dip to the northeast . 
.By means partly of atmospheric, but mainly in consequeuce of the irri
gation, this ridge of sandstone was cut into several small hills, five or 
six of them, each one provided with a trachytic cap, growing thinner 
in proceeding eastward. Two cuts annexed will serve to illus
trate this point. At the northern end of the Sangre de Uhristo 
range, the sandstone again appears, and spreads as it continues on 
southward. At first, north of Hunt's Peak, its dip is nearly north, 
but soon, . upon going south, turns to the northeast. From the 
apex of the range downward, the angle of the dip diminishes; but 
quite a number of local siides and disturbances create exceptions to 
this rule. All along the range, with the exception of one point, at sta
tion 20, the granite eomes up through and separates the sandstone; 
but at this place a bridge of very considerable thickness, probably 
about 800 to 1,000 feet, is formed by the s-andstone, extending horizon
tally about two miles. Here the sandstone forms an arch, that is exposed 
upon almost its entire section, w.ith the granitic bowlders, in the deep 
ea:ilon immediately aside and in front of it. As these bowlders cannot 
have been brought there from any point outside, it may be concluded 
tuat they are there either in position, or very nearly so. The strata 
overlying this arch form steep smooth peaks of very consideraule alti
tude. Upon the edge of one of these station 20 vvas locat,ed; on another 
one was station 19. A section drawn through the arch will give an idea 
of tile relative position of the strata. In the center the erupthTe granite 
( ct) shows, while the strata directly above it are obscured bJ· debris. 
Farther up we reach the bridge, dipping off on. either side, (b,) with the 
strata lying across unbroken. Heavy beds of red sandstone dip off on 
either side, with steeper precipices and slopes on the western than ou 
the eastern side. Interstratified with the sandstones are beds of clark-
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brown argillaceous shales and isolated strata of limestones, (e,) with 
fossils. Near station 19 one of these was exposed, and crinoids were 
found. The remainder is made up again by Arkansas sandstone and a 
few limestones, all Carboniferous, the combined thickness of which, 
with those underlying, probably exceeds a mile. Although it was pos
sible to see over to the east side of the slope for some distance, but little 
detail could be observed, and the section, therefore, shows nothing but 
the lower strata. The course of the section is about north 70° east< 
Proceeding farther north ward, to station 20, it was found (Plate XIII, 
section B) that the granite (a) had again appeared, and forms the highest 
peaks at that locality. As far as could be determined, the Arkansas sand
stone (b) rest8 upon the granite for about 2,000 feet, althougu I have but 
little doubt that it is underlaid by still older formations even at that point, 
but the amount of debris that is deposited at the base of the mountains 
obscures the line of junction. In ascending the west slope to reach st~tion 
20, the boundary-line between the granite and sandstone was found to be 
well-defined, the latter ending with a little swell in the outline of the 
mountain. At that point its dip is almost vertical, but soon diminishes; 
a section may serve to illustrate the conditions observed. A heavy 
bed of dark, almost black, shales (d) overlies the sandstones, and is in 
turn covered by a series of sandstone strata, (b.) Toward the base of 
the mountains some limestone roakes its appearance, slightly disturbed, 
but originally conformaule with the sandstone. The eastern slope is 
mainly composed of the latter. In speaking of this station, 20, it may 
not be out of place to · mention a phenomenon which, although not 
strictly appertaining to geology, may be of some interest. During our 
trips in the higher mountains we had several times noticed evidences of 
the presence of comparatively large quantities of electricity, l)ut on this 
station anything thus far experienced was surpassed. It was found 
that as soon as a sufficient amount of electricity was contained in the 
atmosphere, any metal instrument or weapon that may have been about 
would produce a buzzing sound, like the hammer of an induction-coil. 
When the supply of electricity in the lower strata of air was exhausted 
and the buzzing ceased, it could be renewed by holding the instrument 
up higher into the air. On this particular instance, a heavy gale was 
blowing from the north, driving a storin toward us with great rapidity. 
The wind came in single puffs, and while a rifle that was carried along 
would not buzz during the short lull of the wind, it would do so quite 
strongly as soon as the gust reached the point of obs<:'rvation. At one 
time the quantity of electricity gre.w so large and intense, that I received 
from my rifle a shock sufficient to paralyze me momentarily. The 
weapon dropped out of my hands, and about half a minute after a 
discharge of lightning took place very near by, by which the electric· 
phenomena were quiett'd for a time. Soon, howeyer, electricity accu
mulated again ; its manifestation again became intenser, until ev<:'ry 
hair on the head was rising upward ; every finger buzzed when held up 
into the air, and every pointed rock hummed with a sonorous sound. 
As soon, boweyer, as the next discharge took place, this time some dis· 
tance off, it again subsided. From personal commuuication it has been 
found that these occurrences have been noted by a. number of persons, 
who perhaps either had no opportunity of making them known, or 
deemed them of too little importance. 

As the diluvial and alluvial material begins right at the basis of the 
west slope of the range, it could not be determined with certainty 
whether the Carboniferous strata extend to the westward for any con
siderable distance; but about eight miles west of the termination of the 
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sandstone it crops out again, leaning up again at Granite, on the west 
side of the valley, with a dip to the east. It is very probable, therefore, 
that the Carboniferous strata extend across that northern end of the 
San Luis Valley. This western outcrop is small, about .five or six miles 
in length, but very narrow, <lipping gently under the diluvial deposits. 
East of Mosco Pass the sandstone seems to extend across the lower por
tion of Wet Mountain Valley, as it was found a little west of stations 
83 and 84, on the western slope of the mountains, and the aspect of the 
valley at that place indicates a crossing of the sandstone. Limestone 
accompanies the sandstone at several places in a long patch west of 
station 19, dipping conformably with it, with the exception of one small 
local fold ; but besides this occurrence there are several beds of limestone, 
interstratified with the sandstone, one of which afforded a few fossils. 
On the western side of Homan's Park, where the sandstone crops out · 
again, limestone is also found with it, analogous to the limestone of 
section a, overlying the Arkansas sandstone. In connection with this 
formation I have to mention a very peculiar conglomerate, found only 
once at a high elevation. The Christones, upon the highest of which 
station 17 was located, are entirely composed of a conglomerate, con
taining fragments of granite, gneiss, hornblende-reck, mica-schist, pink 
porphyry, garnetcrock, epidote-rock, and quartzite. These fragments are 
not rounded by action of water or atmot3pheric influences, but have 
perfectly sharp, angular outlines, and are cemented by a hard, gray 
quart.zitic paste. Their size ranges from half au inch to several feet in 
diameter. In weathering they resist longer than the matrix does, thus 
studding the almost perpendicular walls of the mountain similar to the 
ornamentation of Gothic spires. A little south of station 17 a dike of 
pink porpbyry has broken through the conglomerate, and makes its 
appearance near the top of a peak. Stratification can be noticed to 
Rome extent in the arrangement of the _conglomerate, and the strata dip 
off very steeply to either side from the crest of the range. Besides these 
more connected masses of Carboniferous rocks, an isolated point of ex
posure was found near Boggs's ranch, in the southeast corner of section b, 
where the rise of . the main granitic bolly seems to have been sufficient 
to bring out this formation besides the Mesozoic beds. It is of but small 
extent, identified by fossils found in the gra~dsh limestones and shales. 
As in section a, the Carboniferous here, too, is succeeded by the Mesozoic 
formation. 

On Plate XIII, section c, an ideal section through the Sangre de 
Christo range is given, showing at once all the various occurrences 
throughout the entire range, and its general character. Resting imme
diately upon the granite are the Arkansas sandstones on either side, inter
stratified witlllimestones, (e,) and shales, (d.) Dikes of llornblende-rock, , 
(/,)with a strike of north to south, traverse the sandstones. Toward both 
east and west the dip gradually decreases. As in section a., tbe Trias
sic aml Jurassic beds occur along the eastern edge of the granitic Front 
range. Directly south of the Arkansas they begin. occurring in isolated 
patches all the way southward until Hardscrabble. Canon is reached. 
From this point they co\er more ground, until _ a short distance below 
Bogg's Ranch, where they entirely cease. Station 78, southeast of 
Hardscrabble Creek, i~ located upon such a sandstone, of dark-red color, 
lithologically identical with that farther· north. The dip tllroughout is 
to tile east and a little north of east, steeper at the base of the mount
ains, more gentle nearer to the plains. South and southeast of station 
78 they increase considerably in thickness, forming blutl's of nearly 1,000 
feet m height. Deep_ gorges, at times narrow, sometimes wider, in the lat-
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ter case forming fertile areas ,are cut into them. The shales, of a dark-red 
to a brown color, seem to increase considerably in thickness, and southeast 
of station 79 compose the soil of a valley that is well cultivated. As 
stated under the head of Carboniferous, a portion of this latter formation 
is exposed at the western ascent of this Yalley, indicating a more con
siderable rise of the granitic country immediately weRt than is found any
where along the old shore-line. "\Vhite sandstones and single dolomitic 
strata interchange with the red ones, while those beds referred to the 
Jurassic formation seem to decrease in thickness. A careful study of· 
detail-stratigraphy a,nd paleontological character of the formations of 
this region would probably lead to very interesting facts bearing upon 
age and arrangement of these beds referred to the Trias. South of 
Saint Uharles River, no more :Mesozoic beds were found, which can 
probably be accounted for by the fact that the granite in its horizontal 
exposure pinches out at that point, and, as far as could be seen, does 
not appear ·again for considerable distance. From that .point south
ward, as far as section b extends, it. was found that the Uretaceous 
formation rests immediately upon the granite. Cr-etaceous No. 1 
is very distinctly defined throughout the southern portion of this 
section, forming .abrupt bluffs of a yellow to , brownish sandstone, in 
which a number of plants are found. In the vicinity of station 33 and 
north ward, its dip to the eastward is not very considerable, and remains 
comparatively small for some distance north, at the same time conform
able witJ1 the underlying Mesozoic strata. At this southern end of our 
section the Cretaceous rest immediately upon the granite, and probably 
a little farther south the Tertiary beds suc~eed it in this position; "\.vhile 
north of the South Saint Uharles River, the Cretaceous is considerably 
removed from the granite, having, at that point, but a very slight dip. 
Undoubtedly erosion bas bad a very appreciable influence in this, by 
carrying away large portions of the readily disi,ntegrating sandstone. 
Low bluffs characterize the formation north of Hardscrabble Creek, dip
ping to the eastward at an angle of frequently 15o to 2oo, retaining the 
same character down to the Arkansas. At several intermediate points, it 
seems to rest immediately upon the granite, as no red beds were noticed 
between, and as seen at most places the ;yellow sandstone is succeeded by 
a white one. Both time and the character of the country forbade our 
spending many days in the plains east of the mountain-range, so that 
the terminus of the Cretaceous area could not be accurately determined 
there, but it see:ms to have only a limited extent, and that"' the Tertiary 
beds set in very soon and continue. In the vicinity of Canyon City, the 
Upper Cretaceous formations make their appearance, and the sandstones 
are covered by a series of limestone and sha..le strata, both containing 
fossils, and runniug out into the plains at a gentle dip. Low hlufi's are 
formed here, as a little farther north, by the limestones and sandstones, 
.while the softer shales, more readily yielding to a~mospheric influences, 
manifest their presence by forming shallow ravines and narrow valleys. 
A little southwest of Uanyon City, a warm spring of about 100° Fahren
heit bas its origin in the Lower Cretaceous limes and shales; like all warm -' 
springs, it is said to have a very beneficial influence upon persons affect
ed by rheumatism, gout, &c. Besides this continuous stretch of Creta
ceous, section b includes another portion connected with the Cretaceous 
bay west of station 11. This is an arm of the bay of almost oblong shape, 
presenting a series of long, low bluffs, striking a little east of north. 
As mentioned in the resume of section a, the dip of the strata composing 
these bluff's is to the west, thus varying from that of the remaining Cre
taceous. A narrow stratum of red sandstone, recl~ning on the eastern 
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Ride upon the granite, is a local variation of the yellow and light-brown 
usually found in Cretaceous No. 1. A section running east to west will 
give a better idea of the arrangement of the strata in this locality. 
Resting upon the granite (a) we find the mentioned red-brown sand
stone (b) underlying a white one, which in turn again is covered by a 
brown ; between the western slope of this blufl' and the rise of another 
one, a white limestone (e) occurs, overlaid by a white, sbaly limestone, 
with Inoceramus, forming the apex of a low bluff, and dipping westward 
at an angle of about 100. It is covered by white sandstone and a light
greenish shale, (i.) A yellow to light-brown sand~tone (k) finishes the 
western extent of the valley. Cretaceous waters have probably never 
intruded far inland to the west in these localities, as at present no trace 
of them is found, unless coming either from the north or the south. 

At this place, between the Cretaceous and the succeeding Tertiary, 
tb.e Lignitic formation may find its position. As the entire district of the 
San Luis dhlision shows a good development of these I1ignitic beds at 
but one point south of Canyon City, and the opportunity for making 
detaU-studies of the geological relations of this group did not offer, I 
take the liberty of referring to Mr. Marvine's report for observations re
garding its age and relative position, and also to Professor Lesquereux's 
work. A section will show the position of the coal-beds. The foot-wall 
is formed by white, middle-grained sandstone, upon which a coal-bed, 
varying from 3-2- to 5 feet, rests, which is separated from a narrow seam 
of 1 foot to 16 inches by a stratum of gray shale, of 10 to 14 inches in 
thickness; 60 feet of grayish-brown argillaceous shales, with small par
ticles of mica, follow, containing indistinct remains of plants, terminated 
by a narrow coal-seam, above which 45 feet of the same shale follow, in
tersected by two similar thin seams of coal. Fifteen feet of yellowish 
sandstone rest upon this, separated from the overlying 25 feet of white 
sandstone, which form 1jhe top of the bluff, by a thin stratum of shale. 
The three upper seams are not used, but the lower. ones are worked 
for coal by the Denver and Rio Grande Railroad Company. Canyon 
City coal-mines is the usual appellation given to these deposits. A 
tunnel has been run in on the main vein in a southerly direction for t.he 
distance of about 1,400 feet, and drifts from this serve to work the coal, 
of which both the 4 foot bed and the 1-foot seam are utilized. The main 
bed dips at an angle of 20 to 40 to the westward, remaining constant in 
this as far as worked thus far, but to judge from the stratigraphy 

• exposed on the surf~ce, this dip will change farther west, reversing its 
direction. At the time of my visit, September, 1873, the mines had 
been worked for fifteen months, and, according to a statement kindly . 
furnished by Prof. R. N. Clark, at Labran, Col., the production of the 
mines in 1872 was 4,956 tons, to 12,909 produced in 1873. Mineralogi
cally considered, the coal wou1d be termed a compact bituminous coal. 

E'rom all that could be learned with reference to the relative position 
of the larger coal-vein mentioned above, it seems that those worked 
farther eastward are underlying it. Probably beginning with the first 
rising sandsto~e-bluffs, a lit,tle east of the coal-mines, we find the Ter
tiary formation. As in section a, our investigations did not carry us 
through the Tertiary portions ofthe beginning plains for a length of 
time sufficient to make careful comparisons, and consequently to admit 
of strict and correct, discrimination. It is quite likely, however, that 
the higher bluffs, composed of a yellowish and brownish sandstone, ris
ing up beyond the light-colored and gray shales, should be ascribed to 
the Tertiary period. As far as could be observed, no unconformability 
exists between them and the underlJ'·ing strata, although it dare not be 
denied that any such_ existing uncontormability would have been greatly 
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obliterated by the slight dip occurring there. As a rule, it may be 
noted that wherever the Cretaceous rocks are in close proximity to 
the granite westward, the Tertiary bluffs will also be relatively close, 
and in the reverse case their position will be regulated by that of the 
Cretaceous. At the southeastern end of section b it, comes up Yery 
close to the granite, and pi'obably at, some points farther south rests 
immediately upon it. Near Dobson's Ranch several bluff's yielded fos
sils that indicated their Tertiary age, bPlonging probably to the late 
Eocene period. From there eastward, the bluff's cease to be numer
ous as soon as some distance from the mountains is reached, and the 
gentle slopes stretch over the plains. As well as the Cretaceous, no 
Tertiar,y flood seems ever to have reached far into the interior of section 
b, but to have remained east of it throughout; south of it, however, 
corning in more closely upon the higher lands. Besides archrean and 
sedimentary, section b contains a limited quantity of volcanic rocks. 

Trachorheites.-Opposite station 4, to the north, a portion· of the 
trachytic material has crossed the Arkansas, extending into section b. 
Mostly it is trachyte and tuff of a light-gray to yellowish or brownish 
color, flowing to the south and southeast. As stated, when speaking of 
the Arkansas sandstone, a number of bluffs composed of it are capped 
by the tuff, appearing on the maps as islands. To the west of station 
4 several small isolated bills are composed of trachyte, that probably 
at one time were in connection with the main mass north of the river. 
On Texas Creek, about a mile west of station 8, volcanic activity was 
manifested by tracbytic rocks on a small scale, and thereby a number 
of small hills have been formed, flanked by ashy material. Granite 
surrounds this little patch of trachyte on every side, which may be 
regarded as the sentinel of a larger, horizontally, quite extended eruption 
an<l flow of trachorheites; From station 15 onwa-rd, in southeasterly 
direction, we find a strip of these rocks about thirt,y-five miles in length, 
and on average from two to four miles in width, bordered on either side 
by granite. Station 83 is located at the southeastern extremity of sec
tion b, on Mount Greenhorn, having an elevation of 12,341 feet, which 
is composed of a compact andesite. .Although of comparatively rare 
occurrence, this mountain seems to present one of the volcanic ande
sitic eruptions. The rock weathers in slabs from one-half an inch to 
morp. than a foot in thickness, the thinner ones of which give a sub
metallic sound when struck. A more massive eruption of the same ma
terial continues to the northwest, beyond station 84. Proceeding in the 
same direction, the character of the eruptive rocks is found to become 
more trachytic, and, toward the lower bills bordering the range, decid
edly rhyolitic. Usually the color of the rock is a light-gray, with a 
pinkish tinge, representing the type in which the Kosita mines are 
located, becoming almost white and very compact to the north. In 
accordance with the general character of rhj'Olite, the foot-hills show 
gentle outlines, are of rounded form, gradually sloping off toward the 
valley, and are accompanied in the higher lands by the well-known 
graSSj' or swampy plateaus. West of station 15 the lithological char
acter of these rhyolites changes somewhat, as they becorpe very com
pact, show scarcely any crystallization of minerals contained in the 
paste, and present a more or less stratified appearance. White ash sets 
in, loose in texture, and of a feldspathic composition. Besides the 
tracborheites, we have basalt in section b. A little southwest of the 
warm spring, near Canyon City, two small hills occur, composed of a 
black basalt, weathering in rough outlines. To the south of these, at 
station 12, at an elevation of 7,026 feet, a cone of basalt is found, which 
is very hard, of black color, and contains numerous inclosures of olivine. 
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Another small mass of basalt occurs ·in the Sangre de Christo range, 
among the foot-hills, east of station 16, where several small hills of it 
were ejected, somewhat disturbing the superincumbent sandstones. 
Looking off to the east and southeast from station 84, anum ber of cones 
were noticed among the Tertiary formation, that are probably basalt, 
but no examination of the locality could be made. Altogether, this 
occurrence of basalt is very limited, compared with that of other dis
tricts; but it seems probable that the presence of such large quantities 
of trachorheites might account for it. 

Dikes occur in large number and considerable extent in section b. 
By far the most numerous are the hornblende-dikes, with a usual strike 
of north to south and almost vertical dip. While they are not quite so 
frequently met with in the northern portion of the granitic ma~s, they 
abound in the southern, sometimes traceable for several miles, but 
almost invariably of limited lateral extent. Ordinarily they carry a 
considerable amount of quartz and hornblende, mostly mica, and in 
some instances feldspar, garnets, and epidote; the two latter either a~ 
crystals or massive. Their texture. is frequently that of gneiss, mving 
to the hornblende, to the mica, or both, whereby they are distinctly offset 
from the surrounding granite. When variations of texture take place, 
these rocks resemble a schist more closely, and may give rise to misinter
pretations. In the Sangre de Christo range we find a ·large number of 
such dikes, with U1e usual strike passing through the sandstones, and 
farther north through the granite that is exposed at the base of the 
range, but never, as far as I have observed, through the erupti\'e 
granite. Differing from the eastern ones, these retain their mineralogi
cal and lithological character more uniformly throughout, and resemble 
diorite. Iu some instances, when the quantity of mica accumulates to 
a considerable extent, the texture becomes more like that of a schist, the 
structure more stratified, and the hornblende not rarely is segregated in 
single prismatic crystals of about an inch in length. It iR possible thn.t 
the hornblende-schists, occurring at the northern end of the range in 
question, should l>e regarded merely as immense dikes of this character, 
as in their mineralogical composition there is nQ essential difference. 
The presence of feldspar in the dikes of the r·ange, compared with the 
scarcity in the eastern ones, is a point worthy of notice, and it does not 
occur in the same manner again to that extent in any of ·the, dikes 
throughout the dist!'ict. vVhat the geological relations of these dikes 
are seem a little obscure, but they may perhaps justly be regarded 
as segregations in the greater number of instances. 

Section b includes a large drift-area. Along the south side of the 
Arkansas, a narrow strip of drift-deposit occurs, the deposition of which 
was facilitated by a widening of the calion. Wet Mountain Valley is 
covered entirely by drift, originating from the mountains on either side 
of it. Drainage has cut a number of steep gorges into the loose mate
rial, of no very considerable depth, however. rrhe grandest mass of 
drift-material, or, perhaps more correctly speaking of fluvial deposit, is 
found in San Luis v· alley. 0\'er thirty miles long, to the southern limit 
of section b, and at that I>Oint nearly thirty-five miles across, stretches 
an m:iinterrupted plain, the soil of which is made up entirely of driftPd 
material. On t.he western side of the valley, the bluffs of gravel rise to 
probably more than 100 feet above the, ordinary level; but eastward 
nothing of the kind i.;; observed. Toward the center of the valley its 
greatest depression occurs, and there San Luis Creek flows southward, 
emptying into the small San Luis Lakes. A large portion of the 
ground is swampy and impassable. At the eastern border of the valley 
the gravel bluft's are not so prominent as on the western, but a very 
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curious and interesting formation · of dunes takes place. At the west 
opening of Mosco Pass a considerable area of ground is covered by 
bluffs, 500 to 600 feet in height, composed of very fine light-yellow sand. 
In form these dunes do not vary from the celebrated ones on the Baltic 
Sea, and like those shift onward to the higher land. This phenomenon 
is a very good illustration of the fact that westerly winds prevail to a 
considerable extent, because none are found on the western side of the 
valley, and these h~ve selected the very locality where wind would have 
the fullest sweep through a low pass of a high mountain-range. The area 
covered by the sand-dunes is about twelve square miles, but the fine sandy 
soil extends for some miles northward. A fact that finds its explanation 
in the nature of the soil may be mentioned here. More than twenty 
creeks, heading h1 the Sangre de Christo range, flow down westward 
into the valley, but have, however, a short existence, as they are absorbed 
by their porous beds before running any considerable distance. Some 
of .them run farther in the morning than in the evening, so that, camp
ing on a quite large creek with a plentiful supply of water in the morn
ing, by evening it may be necessary to walk half a mile before finding 
water. , The melting of snow in the neighboring mountains and the 
rain-fall that seems to be quite frequent during the day-time in that 
region account for the change. 

Ore-deposUs.-There are several in section b. A short distance up 
Grape Creek Canon a depm;it of magnetic iron-ore occurs, which is being 
. worked at present. On the western slope of the Sangre de Christo 
range, not very far from station 19, a large mass of hematite was ob
served, which is not yet worked. In the higher mountains of that range 
quite frequent indications of silver-bearing lodes were noticed, although 
none was found. A number of mines were ~tarted in 1872 in the Hard
scrabble mining-district, located in the rhyolitic mountains, about three 
or four miles east of Wet Mountain Valley, near the headof Hardscrabble 
Creek, the settlement being called Rosita. At the time of my visit 
there, September, 1873, several mines had been opened, and smelting
works were in course of erection; but I have been ·informed since that 
the expectations of the efficacy and cheapness of the smelting-process 
were not fully realized, and discouragement took place. All the lodes 
are found in a rhyolitic rock, forming a system of reg'ularly-striking 
parallel veins, with a course of about south 35° west, i.e., at right angles 
with the strike of that long, narrow strip of trachorheites running from 
station 15 to station 83. 

The Senator lode has the above-given strike; is 7 feet wide at the 
surface and 12 feet at the bottom of the shaft, which bas re.ached a depth 
of 40 feet; dip to the northwest about 1200. The vein can be readily 
traced on the surface by the quartz-ledge appearing there. The names 
of some of the other mines opened on average about to the depths of 20 
feet are: Virginia ledge, of about 10 feet in width; Gem mine, parallel 
to the Senator, 6 to 5 fpet wide, mostly furnishing galena ore; the Key
stone, 4 feet wide; the Steven & Leviathan,with a width of 15 feet; the 
Del Norte, 4 feet wide, and several others. A number of quite small veins 
run parallel with or connect some of those mentioned above, thus form-' 
ing a sort of net-work. The fact of their existing in this rhyolite asso
ciates them with considerable interest; but although I had expected to 
:find in them some rare minerals that frequently associate in similar 
places, I was disappointed. As the rhyolite there is of comparatively 
small thickness, probably not much over 1,000 feet, it seems probable 
to me that the fissures extend through it, and probably continue down 
into the granite below. Only a few minerals were found in these mines, 
all of which, however, seemed to contain more or less silver: quartz, 



3q4 GEOLOGICAL SURVEY OF THE TERRITORIES • . 

feldspar, galenite, sphalerite, cerussite, argentite, stephanite, malachite, 
and azurite; the latter two the result; of decomposition of fahlerz. The 
elevation of Rosita is 8,827 feet. 

Descending Hardscrabble Creek, several mines were found located 
near the upper end of Hardscrabble-Canon. In speaking of the granite 
of that region, it was stated that a number of variations took place, 
caused by local accumulation of one or the other mineral constituent. 
Parallel to these accumulations, sometin~es of hornblende, appearing in 
the form of dikes, more frequently of mica, sulpburet-ores have segre
gated, and are being worked to some extent. The strike of the lodes is 
parallel to that of the gneissoid strata; the dip also conformable. The 
Silver Hills mines are of that character, furnishing quite a considerable 
quantity of fine-grained galena, with argentite and cerussite. Another 
of similar character, but less ore, is the Barton mine. Of these mines 
but little can be said, as they are not deep enough yet (35 feet) to war
rant any definite assertion, but it seems probable that they will not hold 
out very long. 

Res'u.me of section b.-V\r e find along the ea~tern line of the Front 
range the same phenomenon of a gradual rise that characterizes the cor
reRponding portion of the preceding section, only having gone on to a 
greater extent in the southern part. Here we have, analogous t~ the 
occurrence near Pike's Peak, the Carboniferous strata, although at one 
locality only appearing upon the surface, indicating a greater activity 
of the rising, or a more thorough erosion.· It is of importance to know 
that these older formations underlie the beds referred to the Mesozoic 
period. One of the most interesting and instructive portions of the sec
tion iR the Sang-re de Christo range. A series of sandstone-strata of 
more than a mile in thickness have been lifted up in one continuous, 
almost straight, line of forty miles in length; and while the strain bas 
l)een too great for most of the strata, while they have broken, and 
allowed the granite to be forced out to higher relative altitude than 
they reach, at· a single point this strain has been resisted and the sand
stone·arch remains entire. Comparative regularity in the arrangement 
of strata in their tilted position shows that but few, if any, disturbances 
took place in, or had any effect upon, the immediate vicinity of the 
Arkansas sandstone. It seems probable that this latter extends across 
the San Luis Valley, perhaps over its entire width, perhaps only partly. 
As tracborheites reach over eastward to the very base of the gravel
bluffs, and neither granite nor any sedimentary beds make t.beir appear
ance to form a transition, it is quite possible that the sandstone may 
extend a short distance up into the higher lands. Its stretch across the 
southern part of Wet l\1.ountain Valley seems to me pretty certain, 
although it could not be determined definitely from a distance. The 
trachyte has taken in section b a course almost parallel with that of 
the granite forming the heart of the Sangre de Christo range, and 
instead of appearing, as in section a, as the result of massive eruptions, 
it seems in this instance to have been volcanic, accompanied by flows 
of considerable extent. Besides t,bis difference, there is little resemblance 
'in the general character of these trachorheites to those of the northern 
section; they are, as a rule, more compact, with less tendency to segre· 
gate crystallized minerals. San Luis Valley, that probably in late ' 
geological times contained a lake of vety considerable extent, seems to 
owe its formation to the gentle sloJ?e of the underlying sandstone. 
Sangre de Christo seems to have contnbuted a large amount of the drift
material of which the bottom of this valley is maae, also the country to 
the north west of Poncho Pass. · 
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CHAPTER IV. 

GEOLOGY OF SECTION C, SAN LUIS DIVISION. 

Section c is bordered on the east hy the Arkansas River, Poncho Pass, 
.and San Luis Valley, while the southern, western, and northern limits 
are the same lines that inclose the entire district. Altogether the coun
try of this section presents a mountainous aspect, containing, with a 
high average elevation, a number of our highest peaks, and those por
tions of the main continental divide that fall within the boundaries of 
our district. The southwestern portion, to an extent of more than 1,400 
square miles, is one continuous mass of trachorheites, with all their 
characteristic orographic features. Toward . the foot-bills, and near tbe 
few wider valleys that occur therein, frequent formations of table
mountains are found, sometimes only small, sometimes .of considerable 
size; and the different flows of trachoid rocks have produced mountains 
with well-marked steep terraces. To the northeast of this immense 
volcanic area we get into granite and hornblende rocks again, forming 
massive, heavy mountains, skirted by lower foot-bills composed of sedi- . 
mentary rocks, which lead off into the valley of the Arkansas. West 
of this valley steep masses of granitic mountains rise to an altitude of 
over 6,000 feet above valley-level, almost ideal in shape,_ certainly pre
senting an imposing sight. These sharply-cut mountains vary some
what in the character of the material of which they are composed, much 
less in their general outlines, however. Northwest of them is the 
deep canon of the Gunnison, bordered on either side by steep, high 
walls, with a usually very narrow surface in the valley itself. Leav
ing the canon at the western terminus of our district, we find the 
aspect of the country bas suddenly grown much more gentle; the influ
ence of sedimentar;y beds is again noticeable. A long valley, about five 
to seven miles in width, extends over about eighteen miles to the south
east, fairly studded in its upper half with small box-shaped bluff's, com
posed of Cretaceous strata. 

Granite eovers a large portion of the area in section c, but is sur
passed in quantity by the trachorheites. In the northea!Stern part it runs 
parallel to the Arkansas, keeping about five miles distant, borders Pon
cho Pass, and extends southward for eight to ten miles, but is soon 
covered by volcanic rocks, and appears in the southwestern corner only 
in small isolated patches exposed by erosion; In the northwestern ex
tension from the Arkansas it is the main rock, but·is covered partly by 
sedimentary strata, partly obliterated by volcanic eruptive rocks; prob
ably it underlies quite a considerable portion of the traehorheites of the 
.southwest, and, as far as could be judged from a very distant view, 
comes in again farther westward. Iu this section, as in the preceding, 
there are also two distinctl~y defined varieties of granite, one evidently 
younger than the other. Beginning with the granite immediately west 
of Poncho Pass, we find it to be very much of the same character as 
given in the preceding section; it is subject to a number of variations 
and modifications, caused by local accumulations of one or the other 
constituent mineral. If the mica predominates, in proportion it will 
change the structure of the granite, and all varieties from typical gran
ite to equally typical gneiss can be observed. In texture it varies from 
a very fine-grained granite loosely put together to one yielding tablets 



336 GEOLOGICAL SURVEY OF THE TERRITORIES. 

of feldspar over a foot in length. .This general character of the ·granite 
is retained all the way westward to the boundary, but changes in Gun
nison Canon and its immediate vicinity. There we have granite analo
gous to the one found at Badger Creek in section a, a middle- to coarse
grained porphyritic granite, with white to yellowish oligoclase, gray, 
white, and pink quartz, black mica, and large Carlsbad twins ·of ortho
clase, continuing through the whole canon, with a few exceptions. On 
the heights inclosing this canon, the granitic rocks weather in bold but 
rounded outlines. It was here that a good opportunity was ofi'ered to. 
observe the ·often-asserted fact that even without the action of moving 
water, without any motion on part of the rocks, bowlders and rounded 
cliffs will form high up in the mountains, sometimes on their very sum
mits. As one of the most effective agents, expansion by beat has 
been mentioned, the result of which would be a scaling off of the outer 
crust, and, in course of time, an approximation to the spheroid form. It 
seems to me, however, that the action is more easily explained, and in 
itself is certainly simpler, if we take into consideration the mechanical 
retention of water by the mica and by the frequently-cracked feldspar, 
combined with the expanding action that cold temperature bas upon 
water in causing it to freeze. Thus scales of the rock will gradually be 
carried off comparatively rapidly, as in the high altitudes of that coun
try frost occurs almost every night for the greater portion of the year. 
Other atmospheric influences certainly have their share in producing 
the noticed efi'ect; and sudden changes of temperature, even without 
freezing, canr1,.ot occur without leaving their traces in the course of time. 
An interesting point to study the behavior of granite occurs at station 
2, Mount Ouray. This mountain is composed of hornblendic rock, but at 
a distance shows a stratified appearance on its eastern side. Approach
ing closer, however, it is seen that this is owing merely to the fact that 
narrow and some wider seams of granite are interstratified, i. e., intrud
ing between the strata of the hornblende-rock. The affixed cut will 
illustrate this phenomenon, having been taken from a point near the 
summit of the peak, where a seam of pegmatitic granite about one foot 
in width intruded between the hornblende-strata, continuing for a con
siderable distance. Numerous occurrences of this kind were noticed 
on this mountain; rarely, however, was the granite-seam as small as 
in this instance.. The v:ery top of the peak is composed of granite, con
taining reddish" feldspar, white to gray quartz, and white mica, at 
several points changing to a true pegmatite, with its agglomerated 
quartz.crystals contained in the orthoclase-matrix. Invariably the 
junction between the granite and hornblende-rock is perfectly clear and 
sharp, without any transition of one into the other. In the resume of 
section c, the relation of these two rocks, as regards their age and, 
partly, genesis, will be considered. Entirely different from all the gran
ites thus far treated of as occurring in this section, we find those of 
the southern end of the Sahwatcb range, the granite of the high range. 
bordering upon tbe Arkansas Valley. Generally it is of a light-gray 
color, middle-grained, with either one or two kinds of feldspar, and, as 
far as noticed, always black or dark-brown mica. As a rule, this gran
ite weathers in sharp, well-defined fragments, which character is imparted 
to the whole monntains composed of it. 1\fount Princeton, situated a lit
tle north of Chalk Creek, at an elevation of 13,997 feet, tapers oft' to a very 
fine p()int, as do a number of the other peaks in that range. Its granite 
presents a stratified appearance. The steep descent toward the valley 
is rather surprising, inasmuch as the, comparatively low land on the 
east side of the river is composed of an entirely different granite. 
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Until the hornblendic rocks near station 3 are reached. the Sahwatch 
range retains its own peculiar kind of granite, and then the older 
predominating on~ again appears. On Chalk Creek, one of the two 
feldspars (oligoclase) decomposes quit.e readily, and the bluffs are conse
quently of a white, almost chalky appearance, whence the name of the 
creek. This decomposition appears to be only local, extending not very 
far, and only on the northern side of the creek. Two warm springs 
are found near the bluffs, bubbling up through the deposit of drift
material, and, as long as we remained encamped there, observations of 
their temperature were taken . 

.August 27, 1873, the smaller one, farther from the granite-bluffs than 
the other, within about 80 yards of the creek: 

6 a. m~ · 
1080.5 F. 

12m. 
1120.0 F. 

7 p.m. 
lllO.OF. 

9 p.m. 
1090.5 F. 

· It remains to be stated that the waters of this spring were exposed to 
the action of the sun's rays during the entire day, which may account 
for the rise of temperature during noon and its gradual cooling toward 
evening. Two observations of the larger one were taken, which is 
located nearer to the granite-bluffs, farther removed from the creek. 
One was taken at 6 a. m., the other at 12 m., and.in both cases the tem
perature was found to be 1300 F. 

Besides these younger granites, we have still another one in section b, 
. at station 38. .Analogous to the granite that has given cause for the 

formation of the Sangre de Christo range, station 38 presents a small 
granitic cove, very similar to the former in lithological character, with 
Silurian and Carboniferous strata dipping off from it on all sides. This 
is the only instance of the kind that we have here, but it is certainly a 
very striking one. A sectioll cutting through station 38, given under the 
head of·Carboniferous, will more clearly show its position. 

Closely r6lated to the granites we find a rock composing the mount
ain upon which station 45 was located, at the head of Chalk Creek. A 
crystalline aggregate of orthoclase, oligoclase, quartz, chlorite, and horn
blende, (very sparingly,) cqnstitutes the rock. Orthoclase is contained 
in it as Carlsbad twins, reaching an inch and a half in length, of light 
flesh-color, inclosing laminre of white, transparent oligoclase. The lat
ter is dispersed throughout the rock in small portions, of white color, but 
not so transparent as when in the orthoclase. Quartz is colorless, trans
parent, not very plentiful; sometimes found as rounded grains. Chlo
rite of a pale muddy green to dark green and blackish green occurs 
in small crystals and crystalline masses replacing mica. Hornblende 
was observed rarely in thin prisms. For this rock I use the term Por
phyritic Protogine. 

Hornblendic rocks are found at several localities in section c, invariably 
forming peaks of considerable elevation. The masses are never contin
uous, but occur in isolated patches, in every instance serving as topo
graphical stations-stations 2, 3, 43, and 44 being located on them-and, 
without exception, they are surrounded by granite. A stratified struc
ture of the rocks will always be found, at times parallel to the stratoid 
texture, again making various angles with it. On station 2, 1\fount 
Ouray, we find the granite breaking through this rock; find it interstrati
fied in a most characteristic manner; and find on the most precipitous 
side that the very interior of the mountain must be made up to a con
siderable extent of granite, which is coarse-grained, of light-red color, 
with but little mica. The shape of the mountain is approximately that of a 
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huge amphitheater, the sides of which slope down steeply toward the cen
ter, a little more gently toward the periphery. Upon first sight, the rock 
composing this mountain might be called a coarse-grained hornblende
schist; but examination shows that the gray to dark-green mineral is 
not hornblende, but probably diallage; the white crystalline feldspar oc
curring interstratified with the diallage, is oligoclase; sma11 quantities of a 
dark grayish-green chlorite are accessories; also an admixture of mag
netite, containing probably a little chromic iron. In this instance, there
fore, we have a rock that is quite widely Q.istributed in the southern se
ries and northern Italian Alps, characteristic in its structure, although 
in texture closely related to some others-euphotide. Considerable varia
tion takesplacein.thetexture, owing to changesin the relative quantity of 
the different minerals, and to the introduction of hornblende, whereby a 
more slaty structure is effected as through mica. The weathered surface 
is sometimes brown, although more frequently a dark-green, almost 
black. Station 3 is. composed of the ·same material, and subject to the 
same variations mentioned above. Besides these points, we find a similar . 
rock farther to the north and a little west of Mount Ouray-high black 
peaks of pyramidal shape, with clean-cut outlines, presenting faces with 
steep slopes. Here, however, the rock is more schistose still ; mica occur
ring in more considerable quantity produces this effect. Stratification 
is also existing there, •although the curious peaks in which the granite 
of station 2 indulges do not occur. At stations 43 and 44 mica occurs 
in such considerable quantities that the rock might seem more like a 
very fine-grained mica-5ehist, with little quartz and radiating hornblende . 
and epidote as accessories. It seems that with these variations it would 
scarcely be advisable to .refer this occurence to the same group to which 
lVIount Ouray belongs; it seems to be more closely allied with mica
schists. Upon weathering, the rock scales off in single plates or tablets, 
that cover the sides of the mountain, and by their frequent sliding pre
vent the growth of vegetation. These schists stand in no such intimate 
connection with the granite as those spoken of above, and the boundary
line between the two is very distinct and sharp. All these points, with 
,the exception of station 3, are located on the continental divide, and rise 
to considerable elevation. Besides these occurrences, there are no rocks 
of a similar character in section c except those dioritic ones forming 
dikes. 

The Silurian formation is found in section c at several points along 
the base of the granitic mountains bordering the southern end of the 
Arkansas Valley, again surrounding station 38 and near stati~m 42. 
Granite foot-hills slope off toward the valley of the Arkansas in rounded 
outlines, and immediately resting upon them we find the heavy Silurian 
beds, recognizable from their characteristic lithological constitution. 
Light-colored quartzites of yellowish, bluish, and reddish tints are con
formably stratified with the superincumbent gray to bluish limestone 
with siliceous segregations, all dipping off uniformly at an angle of 
about 15o to 80° toward the north. Erosion has formed a number of 
bluff's along the lower edge of the Silurian rocks; but upward they 
recline in regular outlines upon 1:he granite. As no fossils were found, 
I am not prepa:red to parallelize these formations with any occurring 
in the Eastern States; but lithologically they certainly seem to be identi
cal with those found north of the Arkansas River. A section taken 
through Mount Ouray, running ·almost due northeast through ~tation 
55, may illustrate the position. The highest point of station 2 is com
posed of granite, (ll,) and granite veins trav.erse the euphotide (b} through
o·ut, which is represented by a series of granitic ramifications occurring 
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. within the former, keeping approximately parallel with the westerly dip 
of the euphotide. Descending from the peak, this rock is suddenly cut 
off in an almost vertical, sharp line, visible for nearly 2,000 feet along 
the side of the mountain, and granite sets in, which continues until phe 
valley is nearly reached. Here we find the Silurian beds, (c,) perhaps 
even Carboniferous, although that fo'rmation was not identified with cer
tainty, dipping off toward the river. Drift-deposit (cl) obscures the struc
ture entirely, until the low rolling bills on the north of the Arkansas 
show granite exposed. Without much variation in altitude, this contin
ues for about ten miles, until a bluff, rising rather abruptly, is crowned 
by the Silurian strata, (c,) upon which station 55 was located. The very 
formation of this blu:fl' is probably owing to the hard, protecting cap of 
quartzites and limestones. It Se€ms reasonable to suppose that the beds 
we found at the base of station 2 were at one time connected with 
those twenty miles farther to the northeast, and under circumstances 
whereby the construction of connecting~lines would indicate the forma
tion of an S-shaped fold, which may have served to break up and destroy 
the connection. There seems to have been an inequality in the rising 
of the land on the two sides of the Arkansas at that point, which may 
account for the fold. This view of a former connection is strengthened 
by the fact that but fifteen miles below our section the Silurian of both 
sides approach each other within four miles. In the north west corner of 
section c, the Silurian was also found, and identified again by its petro
logical character and its nonnal position to the Carboniferous. As it 
conducted itself, so far as could be noticed, throughout conformably 
with the latter, and no special stratigraphical studies could be made re
garding it, I will refer to the description of the Carboniferous of that 
region, A doubtful point occurs at stations 36 and 37, where the quartz
ites closely resemble those of the Silurian formation; but the absence of 
Carboniferous in the line running from that point to the Cretaceous 

, strata, without any inversion having taken place, prevents their exae.t 
identification, and therefore that point shall be left doubtful. 

The Carboniferous formation occurs at one point only in the eastern 
port!.on of section c, unless it might be found overlying the Silurian, 

· where it was not identified, however, lining the oq.te.r edge of the gran
itic mountains bordering upon Homan's Park. 

In speaking of the Sangre de Christo range, reference has already 
been made to it, and the probability suggested, which is corroborat€d 
l)y this occurrence, that the Arkansas sandstone is persistent across the 
"orthern portion, and perhaps partially so across some of the middle 
.nd southern portions of San Luis Valley. The dip here is to the east, 
~way from the mountains it rests upon. Of more importance are the 
Carboniferous rocks of the northwest portion of section Cr Leaving 
stations 36. and 37 as undecided, we find farther north ward the highlands 
north. and south of the canon of the Gunnison composed of Carbon
iferous limestones of considerable thickness. Ascending the steep 
granitic hills forming either side of the canon, the stratified sedimentary 
rocks. are seen crowning the top and gently dipping toward the canon. 
Station 38 is located on a peak of eruptive granite, and surrounded on 
all sides by sedimentary beds. The northern. portion of section B, Plate 
XIV, will show more. clearly the position. Afte~ leaving the coarse
grained red granite, (a,) an immense dike of dioritic .rock occurs, strik
ing considerably out of course, almost east and west; but immediately 
after passing this dike, a heavy mass of limestones and quartzites (c) is 
found, upon the edge of which .station 38' was located. These strata 
have a dip to the south of about 200 to 25o, increasing, however, ~as we 
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proceed farther north. Before reaching the granitic point, a stratum of 
hornblendic trachyte is found to cover the sedimentary rocks, the dip of 
which has increased at that point to about 30o. Standing on station 38, 
the highest point of the vicinity; at an elevation of 12,795 feet, the sedi-

. me:ritary rocks are seen to form a craterlike figure all around this cone, 
showiug on all sides . a strong radiating dip from it. On the sides 
nearest to the cone, the strata are exposed, presenting . a face of about, 
1,200 feet in thickness, and falling off nearly vertically. The trachyte 
that partially covers the top shows itself in a distinctly-marked pre
cipitous ridge capping the limestones, a large porti~n of which are 
changed to marble. On the south side, at station 38', it was impossible 
to find that the strata there had any connection with 'those farther down 
the valley, while on the eastern and northern sides they slope off for 
some distance; on the southern decreasing their dip as they proceed. 
This point is so very characteristic and unique in its details that it is to 
be regretted that not more time. could be given to a careful study of 
the changes that have occurred in stratigraphical and lithological condi-
~on& · 

A section running through this wall of strata, with the thickness of 
beds estimated, shows the following arrangement: 

The lowest members that can well be distinguished are about 320 
feet of light gray to bluish to almost white limestones, (a,) with quartz
itic segregations characteristic to the strata of that horizon, and sparse 
remains of crinoids.. Although the identification is necessarily not a 
very thorough one, these beds have been referred to the Silurian. 
Above that follow 80 feet (b) of yellow and gray shales, regarded as 
Devonian; then 175 feet of variegated shales (d) partly sandy, with 
isolated banks of limestone, weathering smoothly, with a steep face; 
260 feet of light-gray and yellowish limestones follow, interstratified 
with narrow bands of shale, and partly altered so as to appear like 

·marble; the whole is covered by 40 feet of light shales, separated from 
45 feet of the same material by a 20-foot stratum of dark-blue Carbon
iferous limestone (e) full of fossils; a short synopsis of which will be 
given at the end of the description of Carboniferous. This stratum is 
a well-marked horizon, and can be traced· along for considerable dis
tance, forming a narrow, dark line between the lighter rocks that over
and underlie it. Upon this follow 150 l'eet of lig.ht-blue and yellow 
limestones,(/,) dolomitic in part; a large portion of them altered into 
marble. Single bands of quartzite appear also, and almost all the 
strata contain a few fossils. Overlying there are 50 feet of yellow, red
dish, and whitish shales without any fossils; 70 feet of a bornblendi 
trachyte (h) cover the whole. 

About seventy square miles are covered by the Carboniferous at that 
point, but no connection is made with that on the north side of the 
canon of the Gunnison. Ascending the heights north of the canon, 
the same conditions are found to occur as on the south side; the sedi
mentary beds sloping down toward the river. At the point where the 
canon opens into Taylor River Valley, the Carboniferous strata make a 

· sweep down the bill, for a short distance form the bed of the river, 
and extend across it to the south, but only for a short distance. Station 
42 is located on the north side of the canon on a trachyte that covers the 
Carboniferous, which extends northward beyond the limits of our sec
tion. In thickness and stratigraphical relations, there exists an almost 
perfect identity between the formations on the two sides of the canon. 

Although the quantity of fossii remains occurring in that stratum of 
,dark-blue limestone is very considerable, there are but few species, and 
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of those the preservation has been a rather inferior one. A number 
{)f crinoids, brachiopods, cephalopods, &c., were found. The aspect of 
several of the species reminds strongly of U pperDevonian. types ; but in 
determining here, the general character of things must be taken into 
consideration rather than the identification of any one single specimen be 
relied upon. Curiously enough, almost all the species found there are 
such as have very nearly allied forms in the formations preceding, so 
that discrimination becomes difficult. We have here a similar case to 
one that Professor Meek speaks of in the Report of the United States 
Geological Survey for 1872, page 432,in treating of the Carboniferous of 
Mystic Lake and vicinity : "They belong, without exception, to genera 
that are common both to the Carboniferous and Devonian, while a 
smaller portion of t.he genera is also represented in the Sil~rian." "Some 
of the Producti, Chonetes, and Spirij'er have rather a Devonian look, 
while a fine striated Hernipronites is very similar to some of the Devon
ian types of that genus." ''Notwithstanding the resemblance of some 
-of these fossils to Devonian forms, and the fact that scarcely any of the 
.species can be identified beyond doubt with forms pe-culiar to the Car
boniferous, I must regard . the whole as belonging to the lower part of 
the Lower Carboniferous." ''The entire absence of any strictly Devon
ian and other types of corals, crinoids, lamellibranchs, &c., also favors 
the conclusion that this formation belongs to the Carboniferous, which 

··conclusion is also supported by the specific affinities, if not even by the 
specific identity, of some of the species of Spirifer, Productus, &c." This 
·quotation applies admirably to our present case. We find-

Numerous fragments of the columns of crinoids, not recognizable. 
Large numbers of a delicate rimose chmtetes-like coral, which is mostly 

weathered beyond recognition ofouter structure. 
An infundibular form of Fenestella, quite numerous. 
Athyris, in one small specimen. 
Spirijer, with the medial lobe finely striated longitudinally; the lat

·erallobes containing numerous stronger, simple, radiating costre; vary-
ing considerably in size. . 

Rhynchonella, which has a decidedly Devonian aspect. 
Orthis, a compressed resupinate form, with an extremely na.rrow 

.area; probably a new species. 
Hemipronites, closely related to H. crenistria, resembling some De-

vonian types. 
Goniatites, in two very poorspecimells; 
Orthoceras. 
Productus, in two specimens, that admit of some doubt, however; one 

.fragment was found that seems to belong to a conoid univalve. 
JJ1esozoic beds.-None are found in section c. 
The Cretaceous ±:ormation is quite ·considerably developed near the cen

.t,ral western portion of section c, following aloug Tomichi Creek. From 
the south and west, the predominating trachorheites have overflowed 
the sedimentary beds; and while a considerable portion is covered by 
them, erosion has broken through ..,t several points, and thereby formed 
bluffs from 100 to 300 feet in height, composed of sedimentary strata 
and capped by volcanic material. All along the western side of the 
valley bordering on Coochetopa Creek this is the case, and on one of 
the bluffs station 35 is located. The greater part of the eastern portion 
·Of them seems to be made up of Cretaceous Nos. 2 and 3, while the 
western shows more of the lower sandstone strata. A section taken 
through a cut in a narrow gulch to be east of station 35 gave the follow-

. :ing result, beginning from below : 
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22 feet, dark-gray shales, weathering a little lighter, containing Ostrea 
complexa and fragments of large I nocerami. 

40 feet, of yellow shales, with white and yellow sandstones, full of Ostrea 
and Inoceramu.s. 

17 feet, of light-yellow shales, of more marly character. 
t; teet, of the same shale, traversed by plates of calcite from one-fourth · 

inch to one inch in thickness, of several feet in extent. 
12 feet, brownish-gray shales, also with calcite. 
40 feet, of gray shales, weathering lighter. 
12.0 feet, gray shales, partly dark, partly light, weathering rapidly, con

taining toward their upper and lower limits pyrite and crystals of 
selenite. · 

30 feet, of light-gray shales. 
20 feet, of yellow shale& 

Above this there was rhyolite, having flowed from the southeast. 
This thickness, of little over 300 feet, probably represents the average

thickness of the Cretaceous beds of that horizon throughout that valley,. 
as but small deviations from the general character were observed. In 
going up to station 36, these same strata were found again; but how they 
connect I am unable to say. They certainly overlie the quartzite of that 
station, dipping in a southwesterly direction toward the valley. Sec
tion A, Plate XIV, will explain the relative position of the strata. It 
runs almost due northeast to southwest from station 36 to station 35 .. 
The trachyte(!) predominating on the westeru side of Coochetopa Creek 
comes to a close there, and along the bed of the creek a coarse-grained 
granite (d) crops out. Resting immediately upon it, we find a quartz
itic white sandstone; (e,) covered by light shales and shaly limestones;, 
above these, another white sandstone; and then yellow shales with iso
lated sandstone strata. These latter are the shales referred to in the 
previous section, and it is they that are mainly covered by trachyte, 
(g.) A few miles north of station 35 they are covered by drift, and do· 
not appear again until near the base of station 36. Whether the sand
stone there is conformable or not with the Cretaceous strata, or what
ever its stratigraphical conditions may be, could no-t be made out on 
account of the utter la~k of any exposure of structural conditions. The· 
next section (B) is taken through station 35 to station 88, having a 
course of a few degrees east of north. Here the strata can be more
readily followed, and it can be made out with certainty that the sec
ond sandstone stratum, (e,) probably even the first, bends upward again: 
to the north, and, reclining upon the granite, forms a shallow synclinal 
valley. The drift-material deposited by Tomichi Creek is quite consid
erable, and hinders somewhat in recognizing structure ; but the yellow 
and brownish sandstone capping the granitic blufl's in the western por
tion of Tomichi Valley is probably Lower Cretaceous. In the eastern 
part, the dip is oft' from the trachorheitic mountains to the westward; 
while from the western end, the dip is southeastward. Wherever the· 
characteristic yellow and gray shales occurred, considerable quantities 
of fossils were observed, but, stran~ to say, never anything besides·, 
Ostrea and Inoceramus. Over westward, toward station 41, the shales 
have disappeared almost entirely on the northern side of the. valley, 
and nothing but the lower sandstones l'emain. It seems probable to 
me that the Cretaceous .rocks extend, at least for some distance to 
the south and southeast, under the covering trachorheites, judging 
from the general orographic features of the country, that seem to be 
more those of a sedime.utary one than of a volcanic . . The Cretaceous 
that we find along Tomichi, must have come in from the northwest 
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in the form of a bay, and was probably driven back by the volcanic ac
tivity that was developed soon after south of it. About ninety square, 
miles are covered by this formation here; and if it extends under the 
trachorheites as far as I think it probable, it will amount to about one' 
hundred and fifty square miles more. Between stations 26 and 27 a small 
fresh-water deposit was found, undoubtedly belonging to the Tertiary 
period, and probably the Miocene. A section on page , illustrating _ 
the position of the eruptive volcanic rocks, will show its position. Rest
ing apparently upon granite, it dips off gently to the westward, contain
ing, in its strata of white argillaceous limestones and shales, numerous, 
remains of plants and smal' shells of Limncea. The volcanic material 
coming from station · 27 eastward covered the greater portion of the iittlc, 
ba~~, so that not much of it is exposed at present. This ocCU\J:Tence may 
be some small, merely local, fresh-water deposit, or it may be the continua
tion of a more extensive series of strata, which cannot be determined un
less the country is either very well known, so that additional exposures 
might afford some reliable data, or othe!wise art.ificial means of testing 
would be employed. Of the two, the former seems more probable, as some 
of the neighboring str.eams cut in quite deeply, down to the granite, so 
that any sedimentary rocks occurring there would have been exposed. 
This little outcrop is the only one of Tertiary beds that was found through
out the entire section1 but it see_ms probable, judging from the orographic 
features of the country, that west of our district we may find more exten
sive formations belongmg to that age. It may seem strange that along the 
center and consequently western terminus of San Luis Valley there is 
neither Cretaceous nor Tertiary, as . the waters of that period could not 
have had any very great obstacles to overcome in reaching those points. 

The larger portion of section c is covered by volcanic rocks belonging 
to the trachorheite group, which form a heavy mass of mountains, 
sometimes rising to a very considerable elevation, covering at the s3;me 
time over fourteen hundred square miles. 

In this main mass of trachorheites we find every variety belonging to 
the group represented. As a rule, it may be said that the highest and 
most prominent points are composed of andesites and trach~ytes, the 
latter rarely, however; that the plateaus an:d terraces are andesitic, 
sometimes trachytic tuffs; the low, bluff-like bills along the base of the 
higher mountains are of a rhyolitic character; and a number of little 
hillocks are formed by an ashy material, probably not much older, if not 
as young, as the rhyolites. Discrimination from the lithological char
acter alone "Qecomes very difficult wherever such an immense number of 
varieties occur. On every hill, on every station, several varieties of the 
predominating rock can be found, varying within twenty yards of each 
other to such an extent that it is by no means an easy task to draw the 
lines of distinction correctl,y. A mass of high andesitic mountains occurs 
about five to six miles south of Mount Ouray, upon one of which station 
24 is located at an elevation of 13,400 feet, and throughout that portion 
of the volcanic country anum ber of peaks nearly as high occur, forming 
an almost regular horseshoe, studded with numerous smaller hills inside. 
When seen in the field, the impression produced by it was that of one 
huge crater-edge, containing within its limits a number of smaller eruptive 
cones. Along the crest of that crater, the ande.sites are very compact, 
hard, almost jasperyin appearance, changing somewhat as they descend 
into the lower portions; and on the eastern edge those mountains are 
bordered by compact, red rhyolites that have flowed . down into the 
valley to an elevation not much over 7,500 feet. Andesitic tuffs make 
up a very considera,b1e portion~of the country there, but, contrary to 

/ 
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their usual character, frequently show a compact texture. The andesite : 
-on station 23 has a very fine-grained, homogeneous paste of ~aroon 
~color, with numerous crystals of oligoclase, few of orthoclase, and some 
·Of chlorite embedded in it. So great, however, is the variation that 
.a short distance from the top the paste turns buff, the oligoclase has 
disappeared, sanidite occurring instead, and fine needles of hornblende 
replace the chlorite. Whereby these changes ate produced that are 
only local, and sometimes limited to a very small portion of the rocks 
only, I cannot say, but strongly suspect that differences in the process 
·of cooling, regarding both the method of1 and time consumed in, cool
ing, may have produced these effects. All over the mountain~ however, 
that rises considerably above timber-line, the rocks weather in thin 
:slabs, from one inch in thickness to several feet, giving a submetallic 
sound when struck with the hammer .. Some of the mountains between 
Ouray's Peak and station 23 have a slight color, from light red to yel
lowish, owing, probably, not to a change of material but to a. difference in 
the weathering. On station 24 the character of the andesite is very sim
ilar to that of station 23, showing the same compact texture, and the same 
minerals, with the exception of orthoclase and ehlorite, which latter is 
replaced by crystals of mica. Sanidite is contained in numerous crystals. 
Magnetite occurs in considerable quantity. As before, the same changes 
of color occur, due this time more to weathering, ·as the composition of 
the rocks undergoes no change. Taking the general aspect of the rock, 
it resembles trachyte to some extent; but its geological features and 
mineral constituents make it out as andesite. Leaving this interesting 
point and proceeding westward, we find the character of the country 
changing somewhat, the high, massive mountains disappear along 
Saguache Creek, and instead we find low ta\>le-hills, with steep sides 
and level tops. Frequently the sides of these tables have a stratified 
a~pearance, arid the last upper stratum presents-a steep, rugged face. 
A very characteristic feature of the mountains can be observed all along 
Saguache Creek, and also across the continental divide, that is, the 
terrace-formation on their sides. Evidently the tuff that forms these 
hills has at one time flowed along in such a manner as to form a stratum; 
another flow has succeeded it, perhaps after a lapse of considerable time; 
and the. conditions at present are such that the hill-side will not weather 
off so as to form an unbroken slope, but every one of these larger flows 
is designated by a sharp terrace of barren rock, which is well illustrated 
by the annexed cut. Frequently three, four, and even more terraces are 
found, one above the other, parallel to each other, presentin-g light colors 
mostly, varying from white to yellow, reddish, and light brown. 

Throughout the southwestern portion of the section, the occurrence 
of the trachorheites is uniform and very similar to tlwse just de
scribed. Station 32 is located on the edge of a trachytic ridge, where the 
rock is red, slightly vesicular, certainly enough so to give it the charac
teristic roughness, changing at times into black, then becoming more 
compact. Crystals of sanidite and brown mica are dispersed all through 
the rock, and hyalite is found coating the sides of any small fissures 
that may occur. Hyalite is fo.und very frequently in these volcanic 
rocks, as is also jasper; the latter varying in color from white to yellow, 
red, brown, green, and black. This trachyte contains but a trace of 
magnetite, while an andesite found near by contains a considerable 
quantity. Station 33 to the southwest of 32 is located upon a high, 
prominent point composed of andesite. The lithological character of 
this rock is so constant that, althoug~ a great many miles apart, no 
specific differences are found, and in this instance again we h:;tve a rock 
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St.rata of volcanic rock-; near Saguache. 

Fig. 13. 

Dike of Obsidian. 
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that could scarce.1y be distinguished from the andesite of station 56, 
more th~m eighty miles distant. Variations occur within certain limits, 
and are repeated at alri:wst every place of occurrence ·in a greater or 
less degree, but the specific character remains true to itself. In the 
southern po1~tion of section c andesite seems to form the highest peaks, 
well marked by their sharp, bold outlines, and their dark color, unusual 
in a country of trachytes and tuffs, while these latter compose the lower 
rtdges and high plateaus. Station 34, west ofOoochetopa Creek, is located 
on a sanidite trachyte; a brownish paste includes numerous crystals of 
sanidite, and also some of hornblende, black and bronze-colored mica. 
From that station north and eastward the tuffs, rhyolites, and tracby
tic ashes become more numerous again than they were in the more · 
southerly portions, thereby changing somewhat the orographic features 
of the country, although it cannot be denied that this change may be 
partially produced by underlying sedimentary beds. The tuffs have 
overflown the Cretaceous beds east of the Co·ochetopa, and were proba
bly cooled under water, whereby their character is changed to a consid
erable extent, as they present all possible varieties and differences in 
composition and texture. J\fostly, however, they are of light color vesic
ular, containing crystals of sanidite, mica, and, if rhyolitic, free quartz. 

At stations 26 and 27 we find a very interesting locality, showing a 
comparatively large variety of volcanic rocks, and at the same time 
the only deposit of sedimentary material that was observed in this great 
lava-region. Station 26 is locat€d on a phonolitic andesite of a dark 
bluish-gray color, slightly vesicular l:tt places, containing small needles 
of hornblende and small crystals of black mica and sanidite in a compact, 
microcrystalline paste. On thewestsideofthesummit, the andesite shows 
cohtmnar structure, each column being separated at a right angle to its . 
longitudinal axis into numerous thin plates. Between stations 26 and 
27 a low granitic hill makes its appearance, showing the andesitic cover 
for some distance. This granite is thoroughly altered by the effects of 
heat, which does not seem to have been quite sufficient, however, to bake 
it. Upon· this granite, (a!) the Tertiary beds (d) are deposited, of which 
mention has been made above, covered on their ·western side by the 
rhyolitic aRb lying upon the eastern slope of station 27. From white to 
yellowish pink and greenish, this ash presents itself as an a;gglomeration 
of feldspathic ingredients, mixed with small crystals of sanidite and 
mica, grains of quartz, fragments of andesite, and of obsidian also occur, 
altogether giving it the appearance of redeposited material. It is 
quite possible that it was deposited there at a time when Tertiary waters 
were still in that little basin, and that they owe a portion or all of the 
quartz-sand they contain to the fact of having taken it up from the 
lake-deposit. Not very far from the summit of the hill, the tuff becomes 
more compact, the fragments it contains are larger, its color a dark 
brown, formiug a prominent bluff on that slope of the hill. About 25 
feet from the upper edge of that bluff, a horizontal dike or vein of ob
sidian (c) occurs, 15 feet thick, and extending across horizontally for 
nearly 100 feet, until it is lost under the fallen debris. At the point 
where our sketch is taken, the obsidian shows spheroidal concretions, 
the largest one nearly 10 feet in diameter, the center of it forming a 
solid, round ball, with the obsidian nearest to it separating from the 
rest in concentrically spheroid scales. The obsidian contains small 
crystals of sanidite-therefore belongs to the porphyritic variety-and en
velopes num~rous small fragmeqts of the tuff. A curious fact is that the 
tuff above the obsidian-dike is baked so thoroughly that it has become 
jaspery in texture, while that below remains i1nchanged. Quartz is con-



346 GEOLOGICAL SURVEY OF THE TERRITORIES. 

tained in the shape of small fragments, which have been turned to semi
opal in the altered tuff. The cleavage of the latter bas becoPle con
choidal; it is bard, resembling jasper or massive porcelain more than any
thing else, and the change can be traced as far as the obsidian. As
cending to the summit of the hill, however, we again find andesite, 
identical with that of station 26. From the point where it covers the 
Tertiary beds the ash extends down ward to Saguache Creek, and there 
follows along the· base of tbe bluffs for a ·short distance. 

On station 26 the andesite shows a phenomenon that is rarely equaled, 
and by which I was led to term it phonolithic andesite in contradistinc
tion to other rocks of that group. When striking the large bowlders, even 
those of many cubic feet in size, they give a clear ringing sound, closely 
resembling that from a bell. The Ringing Hills at Pottstown, Pa., are 
similar. 

In the southern portion of section c several times caves were found in the 
tuffs, a feature that seems to be characteristic to them. Orowning with a 
steeply-edged stratum some sloping hill, the caves had their entrance at 
the base of the rocky precipice, and extended inward sometimes for 
considerable distances. In several instances the shape of the entrance 

~ was so well cut that the idea of its having been done by human hands 
suggested itself. 

Not unfrequently colummar structure was seen in different species of 
the trachorheites, as well in the andesite as in the tuffs, due most 
likely to particular circumstances by which the cooling may have been 
accompanied. 

Besides this immense area of volcanic rocks, we have two more in 
section c, excepting those small remnants of overflows occurring in 
Tomichi .Valley. Extending a little north, and about six miles west of 
station 45, is another aecumulation of these rocks. It seems to be 
mainly trachyte, with probably some propylite, having a light-green 
paste, white to yellowish oligoclase, and a greenish hornblende. :,On the 
north side of. the Gunnison another rock occurs that belongs I to this 
group, covering the Carboniferous of station 38, composed of a light
grayish, almost white, microcrystalline paste, containing crystals of 
oligoclase and needles of hornblende, besides a very small quantity of 
magnetite. It is a trachyte, quite closely allied to propylite, and extends 
over but a small area to the southeast and east of the ·station. Station 
4:2 is located on a trachyte of similar constitution, covering the Carbo
niferous rocks, which extends north and northeast into Dr. Peale's 
district, where he has found it, and gives a more definite description of it. 

Dikes occur in considerable numbers throughout the granitic country, 
having a course of about north to south, and are composed of the same 
mineral constituents that characterize them in the other sections; epi
dote and hornblende mostly replacing mica, while at other times mica 
predominates. 

Drift covers a considerable area along the western side of the Arkansas. 
A belt of about :fi.ye miles in width runs along it, keeping parallel in its 
course and narrowing out toward the south. This drift is composed, so 
far as I have been able to learn from examinations at certain compara
tively isolated points, of material that was brought down by the river 
mainly; secondarily, by the different creeks striking the river from the 
west. Although glacial action seems to have had considerable effect in 
~ransporting drift-material higher up on the Arkansas, I have not recog
nized any such means of conveyance in that. portion of our district. 
Taking into account the shifting of streams parallel to their own general 
course, it becomes evident that the material deposit~d immediately 
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along the base of the range parallel to the river must have been depos
ited by it, and not by any other means, provided lithological identifica
tion of the drift-rocks admits of no contradiction. This latter does not 
seem to be the case, however, and the accumulation· of the greater por
tion of the redeposited material I ascribe to the action of the Arkansas. 
A number of creeks running out from d~eply-cut ravines in the 
mountains have cut in an almost straight line through the drift; a cir
cumstance which is readily explained by the fact that its resistance was 
so small as . to necessitate no considerable deviation from a straight 
line. As they have cut in deeply,"however, forms strongly resembling 
moraines have not infrequently resulted, which might mislead. Oppo
site station 4, the canon. of the Arkansas narrows and the drift-deposit 
disappears. Along T-omichi Creek a considerable quantity -of drift has 
accumulated, covering about thirty to forty square mil~s, the material 
for which was brought from the neighboring granitic and quartzitic hills. 
Northwest of station 43 some drift has accumulated in the valley of.the 
Upper Gunnison, part of which is due to the action of glaciers. In a 
lpng, narrow line, running from southeast to northwest, morainal de
posits sweep down from the base of the high mountains to the valley. 
Characteristic narrow but level valleys, bordered on either side by lat
eral moraines, with a number of small glacial lakes, are found at the 
points of emanation. Changing their course slightly~ these two moraines 
extend down into the valley, leaving at every favorable locality small 
lakes or swampy places, and they terminate on the sides in moraines, 
descending from 1,000 feet in height to 200. Reaching the valley, the 
ice melted and formed a large lake, at the place of which a swampy, low 
country now is found, inhabited by. hundreds of beavers. In these 
moraines gold-washing bas been carried on formerly, and is still carried 
on in some of the neighboring gulches. This is the only instance through
out our entire district where I could really recognize the action of 
glaciers. . 

·Mineral deposits are found in only two localities of section c; the one 
on Mount Princeton, where a series of parallel veins are contained in 
.the granite, running between the strata, which are peculiarly well-defined 
there.. They are about 12,000 feet above the sea, but several of them 
have been worked to a small extent. Usually the strike is from north
east to southwest, and the dip about 1350 to the north, with slight varia
tions of either. The ores cont~ined in these lodes are mainly galenite, 
sphalerite, and small ·quantities of fahlerz, resulting, when decomposed, 
in the formation of azurite and malachite. Argentite was found in a 
few specimens. According to report, assays that have been made are 
fayorable. In the valley of the Upper Gunnison, i. e., north and east 
of the entrance of the canon, the drift contains gold, which bas been 
worked at intervals for some years. In Union gulch, adjoining - the 
valley, there were several miners at work at the time of our visit, appar
ently well pleased with their results. Single nuggets of several dollars 
in value are frequently washed out. Probably the drift-material of that 
region may contain paying quantities of the precious metal, which some 
day will"most likely be turned to account by the enterprising western 
miner. · 

Res-ume of sect-ion c.-In this section we have the greatest variety of 
granites met with thus far. Besides the red, middle to coarse-grained 
rock, that I think may safely be regarded as the oldest, a repetition of 
the type found in the two proceeding sections, we have another one, 
composing the Sahwatch range, containing as its most prominent peak 
}\:fount Princeton: near that we have the protogine, possibly owing . 
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· its peculiar constitution to the close proximity with volcanic rocks; and 
lastly, the eruptive granite of station 38. Throughout, as well in lithologi-

. cal and mineralogical character as in the structure of mountains, the three 
main varieties can readily be distinguished. In other countries granites 
have been found, that are said to reach 1>ack only to very late geological 
ages; here we have one .the protrusion of which I think falls into a 
Post-Carboniferous period. The evidence afforded by the Sangre de 
Christo range of section b is corroborated by the observations made 

· here. Less noticeable than in the two preceding sections is a gradual 
or sudden rise of the main granitic mass, which, if it has occurred, 
must have been but slight, and not of long duration or great power. 

An accumulation of hornblendic rocks is a curious and interesting 
feature, and the_ similarity they bear to alpine and other euphotides, 
combined with. the fact of their usually reaching very high altitudes, 
may point to an analogy of formation and relation to surrounding rocks. 

Astonishing is the mass of volcanic material that had accumulated 
and found its points of outflow in this section, at the same time show
ing no very massive deposits at any one point, as might bave been ex
pected. Upon the origin of this and the other volcanic effiu via, we will 
speak in the "Conclusion." . 

CONCLUSION. 

In concluding the report of the geognostic and geological features of 
the district assigned to me for 1873, it may be of value to give, in gen
eral outlines, the distribution of geological formations throughout it, 
and to speak briefly of the correlation existing between them. 

In taking a bird's-eye view over the mountains of this district, it 
becomes strikingly evident at a glance that two main systems of 

- mountain-ranges traverse the c~mntry: the one, geognostically granitic, 
in a direction a little west of north and east of south ; the other, vol
canic, cro~sing it at almost right angles, having a course of about 150 
south of west and north of east. 

Granite seems to be the oldest rock found there; but there are four 
. distinct varieties of it, three of which are considerably younger than the 
first, the red to pink variety, mostly coarse-grained, abounding, with 
local accumulations of the one or other constituent minera-l. The second 
type, the age of which will probably be correctly defined as Post-Devo
nian, is that which occurs in the northeast portion of section c, form
ing the high sharp peaks that are so characteristic to the range west of 
the North .Arkansas. While oligoclase is of exceedingly rare occur
rence in the oldest granite, it is found to be the mineral second in _quan
tity only to orthoclase in this instance, imparting an entirely different 
character both as regards appearance and weathering. Of probably the 
same age we find the porphyritic protogine of station 45, owing its con
stitution most likely to some different circumstances experienced while 
cooling. Eruptive granite is the fourth variety, occurring in the Sangre 
de Christo range and on station 38, of Post-Carboniferous age, resem
bling in its lithological character more closely that of Mount Princeton . 
.Although the term ''eruptive granite" is frequently used· by European 
writers, this has not been done to any considerable extent by Ameri
cans; and I would state that I do not consider it eruptive in the same 
sense that basalt is eruptive, but merely wish to imply by that term 
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that the granite, by some vertically-acting force the origin and effect of 
which cannot be discussed here, bas been forced upward, may have not 
only assisted in locally disturbing strata with which it was at one time 
in no immediate contact, out bas actually, by virtue of this force, been 
brought into contact with such strata. Footing upon the observation 
of facts that to ·me cannot be otherwise explained, I see no discrepancy 
with any well-founded h;ypothesis that may be universally accepted to 
regard the immediate action of the granitic masses as implying the 
agent of a vertical force to which it must owe its elevation. E:s:amina
tions were made with a view to determine the presence of magnetic 
iron in the specimens of granite collected in this district, and it was 
found that not one specimen was without it. .As a rule, the light-colored 
granites, of a more recent date than the red ones, cont~ined more than 
tlie latter, a fact that can readily be explained by assuming that their 
younger existence upon the surface could not admit of so extended an . 
influence of atmospheric agencies upQ.n their constitution, while the 
older granite may probably owe its decrease in the percentage of magnetic 
iron, and, on the other band, its red color, to the action of these agents. 
By increasing its percentage of oxygen, the iron compound contained 
would change in such a manner as to impart to the rock that color 
which it now possesses. It remains to be stated that there are two ex
ceptions to the rule above given, where in both instances magnetite was 
contained as a mineral impregnation in the red granite, in the one 
instance even in crystals of three-fourths of an inch in diameter. 

Of the Silurian formation we have some of the oldest strata, as indi
cated by the comparatively unsatisfactory paleontological remains, and 
from these upward the Devonian rocks also seem to be represented, 
although no strict identification was possible. The Carboniferous is 
well developed, showing great uniformity in the groqps of strata. , Con
sidering the imperfect evidence derived from the fossil rerp.ains below 
the .Arkansas sandstone, there might be some doubt regarding its age, 
and the question could arise whether it would not be more correct to 
assign it a position parallel to the " Old Red" of the Devonian; but, for 
reasons based upon· stratigraphical evidence and the total absence of 
fossils that might decide, this has not been done. .A wide gap now fol
lows, comparing the formations of this district with those. analogous 
from other parts of the world, until the .Mesozoic period is reached. 
The position of this series seems to be as well establiahed as possible 
with the very meager amount of fo~sils that h;:ts been found. In some 
of his earlier expeditions, Dr. Hayden has found Pentacrinites in some 
strata that are recognized as having their position above the so-called 
"red beds," which would settle the question, leavipg ample space, how
ever, for any subdividing of the group. Well-defined and of admirable 
uniformjty in character are the Cretaceous strata, to whioh the five 
adopted divisions apply without discrepancy. The gradual receding of 
the formations belongiJJg to this group from the mountain-edge, the still 
greater development of this feature during the Post-Cretaceous epoc.h, 
speak for the gradual rise of the land west of them during a period of 
time that must be located in the close of the Cretaceous. .Apparently 
a knotty question arises when the age of tbet" Lignitic" beds is consid
ered; but undoubtedly future investigations, not merely of the paleon
tological remains, but of. the geognostic relations th.ey bear to over~ and 
underlying formations, will tend to clear up any lingering doubts. Those 
found in our district seem (speaking with all the reserve that a mere su
perficial examination demands) to b~ of an age which can paleontologi
cally be referred neither to the Cretaceous nor to the Tertiary, analogous 

,, 
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perhaps in character to theW ealden formation of Europe, that is placed 
between the Jurassic and Cretaceous. Views of the present day regard
ing "formation" and "age" are merely' conventional, and it is more than 
probable that by the time a little more of the remaining four-fifths of 
the land on the surface of the earth are explored geognostically and 
geologicaily, they will be compelled to undergo considerable modifica
tion. 

Tertiary, Diluvial, and .Alluvial deposits are found under such condi
tions as would be favorable to their formation. In consequence of 
the rise of the main body of land, the . marine Tertiary was forced to 
retreat farther toward those portions that were still submerged, and no 
strata were found that could be referred to this epoch unless of a local 
fresh-water character. Drift, belonging both to Diluvial and .Alluvial 
ages, is abundant. Alluvial deposits, as everywhere, owe their charac>
ter to the rock to which they owe their existence, and the old principle 
of "same cause, same effect" is clearly discernible. 

Glacial phenomena, that seem to be more abundant farther north, were 
recognized in but one locality, and there t.hey were not of any consif.t. 
erable extent. 

By L'lr more varied, and of deep interest, are the volcanic eruptive 
rocks, so widely distributed throughout the district. Richthofen's 
excellent classification, comprehensive and yet concise, finds a new 
support in the twenty-three hundred square miles of trachorheitio 
material contained in our district. Throughout, the given character of 
andesite, trachyte, and rhyolite could be relied upon as soon as the posi'~ 
tion of andesitic tuffs was properly recognized; and although the dill 
ferent conditions undoubtedly influencing the cooling of the masses at 
different points produced almost innumerable varieties, even within 
limited areas, his appreciation of identity and correlation was not im
paired. .A question of great importance arises during the contempla
tion of the immense quantities of this material; it is the one touching 
their origin. Without entering upon ~the various hypotheses that have 
been advanced upon this point; with a ·semblance of more or less prob
ability, I will make a few suggestions that have occurred to me as the 
necessary consequence of the observation of fact&. 

As stated above, it was impossible to find even a single one of the 
specimens 'Of granite free from magnetic iron, although more was found 
~n the younger ones than in those preceding them in age. The same 
examinations carried on with a considerable number of trachorheites 
from different localities give the invariable result that andesite con
tains a large (comparatively speaking) percentage of this mineral; 
trachyte less; rhyolite still less ; the tuffs of these species giving results 
in accordance with those shown by the rock to which they belong. The 
rising percentage of silica as they are higher-younger in the scale
until rhyolite contains free silica; their approximate uniformity in 
chemical composition throughout the world, which points to an origin 
from similarly constituted material; and their almost unexceptional 
occurrence in granitic countries, besides the great similarity of percent
age which their constituents sho.w, upon analysis, with the constitu
ents of granite, seem to lead to the conclusion that they may owe their 
origin to a remelting of granite. More careful and specific examina-
. tions are required, however, to prove this hypothesis. With a view 
to so doing, I. have undertaken investigations into the questions in
volved herein, and sp.an therefore do no ·more than suggest the idea 
until results obtained justify a more complete and comprehensive as-
sertion. · 
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A few words may also be said regarding the distribution of the geo
logical formations over the entire district. 

Granite forms all the higher portions of the eastern edge of the Front 
range; but on the northern side of the Arkansas it i~? covered largely by 
trachorheites, and, to some extent, by sedimentary formations. Con
tinuing its course westward, it forms the main mass of mountains in the 
north, whereas the entire southwestern portion is volcanic.. The sediment
ary beds of Silurian and Carboniferous ag~ traverse the central portion 
of the districts in a narrow band in a southeasterly direction, the 
fonner edging the latter in the northern portion, disappearing in the 
south. Again, they reach into the northwest corner of the district 
coming from the north, and covering about one hundred and fifty 
square miles. 1tfesozoic and Tertiary beds are found only along the 
eastern edge of the Front range, with the exception of one or two 
isolated patches. of small extent. The Cretaceous occurs all along that 
same edge, extending into the mountain~ in a few bays of ten to twelve 
miles in length, and is found in the western portion of the district,. a 
continuation of the formation farther north. 

Volcanic rocks cover the granite partially in the eastern and northern 
half of the district, forming the high plateaus, while the granite appears 
in the eroded canons. A few isolated patches are scattered· throughout 
the granites, one of them extending in a very narrow line parallel to 
the Sangre de Christo range. The largest portion is that forming the 
southwestern corner of the district,. which probably extends consider
ably beyond it both west and ~outh. 

Drift covers San Luis Valley, the upper valley of the Arkansas, and 
W et_}tfountain VaHey, besides small portions on the Tomichi, at Union 
Park,. and on Taylor River Valley. 

The mineral resources of this district are confined to gold, silver, 
iron, coal, and marble, of which mention has been made in speaking of 
the several sect.ions in which they occur. 
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APPENDIX. 

MINERALOGICAL NOTES AND A CATALOGUE OF THE MIN
ERALS. OF COLORADO TERRITORY. 

MINERALOGICAL NOTES. 

One of the most interesting regions in Colorado, from a mineralogical 
point of view, is undoubtedly the vicinity of Gold Hill, of which MF. 
Marvine treats in his report, as it is located within his district. 

There a number of dikes of porphyry have found their way out thro·ugh 
the granite, and, contact between the two; a num her of lodes have been 
found, several of which have attained considerable celebrity. The Red 
. Cloud and Cold Spring are located on the two sides of a porphyry-dike 
50 feet in thickness, striking about northeast . to southwest, and from 
them principally the rare and valuable tellurids, sought for by mineraJ
ogists, have chiefly been obtained. Prof. F. L. Schirmer, of Denver, 
had the kindness to supply me with a number of specimens from the 
Red Cloud mine, which I have examined, and herewith give a report 
upon. Before speaking more particularly of the tellurids, a few words 
may be said explanatory of the circumstances under which they are asso
ciated with other mineralg at the mines of that locality. 

Composing the dike between the Red Cloud and Cold Spring, we find 
a porphyry_of dark-grayish to purplish color, containing numerous small 
crystals of two varieties of feldspar in its cryptocrystalline, compact 
paste. \Vhile forming the hanging-wall of the Red Cloud, it is the foot
wall of the vein opposite. Fragments of this porphyry, mixed with par
ticles and streaks of quartz and feldspar, together with small flakes of 
talc, make up the gangue-rock of the Red Cloud, collecting in small 
cavities, crystallizing in cubes combined with the pentagonal dodeca
hedron. Pyrite occurs throughout the vein, also forming at times nar
I'OW streaks, but invariably with a strong tendency to crystallize. .At 
some po]nts the porphyry too is thoroughly impregnated with this min
eral.. Ga1enite occurs sparingly in cubical crystals; also sphalerite in 
narrow seams. Quartz-crystals, coated by ferric oxide, are found in the 
small cavities occurring with them, both of more recent origin than the 
sulphurets. Compounds of silver, copper, selenium, &c., with sulphur, 
seem to be wanting entirely; instead, however, we have the unusually 
rich occurrence o~· tellurets, of which we shall speak presently. 

To the west of the Red Cloud is the Cold Spring, the ores of which 
show no variation, however, while the same granite and 'the same por
phyry form its walls. 

East of the Red Cloud, striking almost due east and west, is the Wi
nona, located between two walls of gneiss. In this. lode the gangue
rock is mainly:• quartzitic, containing small portions of decomposing 
feldspar and o~talc. ~ Chalcopyrite and pyrite form the main ore, occur
rin~ in streaks and thin threads partly, partly -disseminated in crystals 
of cubical and dodecahedral form throughout the gangue. 
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Some distance to the southwest of the Red Cloud we !find the Central, 
Seven-Thirty, and Americus, located contact to a long dike of porphyry 
and the surroun~ing granite. In a light-gray microcry~talline paste we 
find embedded numerous small crJ'stals of black mica, c ystals of a prob
ably triclinic feldspar, and small, irregular particles of white quartz. 

Of all the veins located on this dike, the main one is chalcopyrite and 
pyrite, with the usual accessories; sphalerite and galenite occurring 
rarely. In none of the specimens that reached me could I find any tel
lurets, although their analogous mode of occurrence might lead to some 
€xpectation of their presence. 

In various parts of the world, compounds of tellurium with other 
metals have been found, so that the first attempt at recognizing analo- . 
gons minerals from the Gold Hill region was to identify them with those 
already described. It seems to me that the tellurets of the region under 
consideration sh9w a greater variety of composition than those of other 
localities. For entering into combination with other elements, the facil
ities must have been great; we have one compound, that pf tellurium 
and iron, which, although not occuning pure, enters into the formula 
of the mineral. During the coming field-season, I expect to obtain a 
satisfactory supply of material, in order to give a complete syn~psis of 
the mineral-occurrences of the Gold Hill locality. . 
. Two minerals were found, occurring both at the Red Cloud and Cold 
Spring lodes, that could not strictly be parallelized· with any known 
species, and I have reserved the right of distinguishing them by a sepa
rate name, if subsequent examinations of more abundant and purer 
material will warrant it. 

No,1. 

Isometric, imperfect crystals observed. Cleavage cubical, good. 
Mostly found in thin threads, or in small, irregular,foliated masses. 

Hardness12 to2.5. Specific gravity, 8.5253; Luster metallic, splendent. 
Oolor bright silver~gray to steel-gray; pale bright-yeHow when exposed 
to atmospheric influences a short time. Streak metallic, gray to silvery. 
Opaque; brittle; partly malleable and sectile. 

On account of the small quantities that could be spared for analysis, 
the tellurium was not determined but calculated; the result of careful 
qualitative examinations having revealed no trace of any other elements 
than those found and given below. 

By analysis the following constituents were obtained: 

Pb, Fe, Ag, Au, Te by diff., 
53.19 5;05 0.31 trace 41.45 = 100.00 

·Calculating the simple tellurets for each one of these constituents, 
we find there are required for-

53.19 Pb, 
32.90 

5.05 Fe, 
11.55 

0.31 Ag, 
0.19 ==:; 44.64 tellurium. 

It is probable that slight replacements may account for the smaller 
quantity of tellurium found. 

The percentage of constituents found leads to the formula-

3 Pb Te +FeTe 
a very minute portion of lead having been replaced by silver . . During 
the examination, great pains were taken to procure the mineral as pure as 

23 G S 
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possible, and only such fragments. that showed a distinct cleavage on 
all sides were subjected to the tests. Pyrite almost invariably is found 
associated with this mineral, and the idea suggest€d itself that the iron 
might be accounted for in that way. Several trials were mage, therefore, 
without giving any"sulphur however. It may be stated here that all 
the examinations were made of pieces obtained from one specimen. 

This mineral has in its physical characters some resemblance to the 
A.ltaite, which,.. however, contains no iron and about 60 per cent. of lead. 

In the open tube, the assay gives off white fumes of tellurous acid, · 
condensing into colorless drops upon being heated to a high degree. 

Before the blow-pipe on charcoal, with the oxygen-flame, the coal is 
coated with a white layer some distance from the assay, highly volatile, 
and near it a grayish-silvery coating is formed, consisting of the vol
atilized and recondensed mineral. After treating the assay on charcoal 
a little while, it becomes slightly magnetic, melts readily, and volatilizes 
at a comparatively low temperature. 

When gently warmed with concentrated sulphuric acid, not heated to 
boiling, the tellurium contained in this mineral imparts to the acid a 
cherry-red color, more or less inten~e. Nitric acid affects it; nitro-muri
atic dissolves it. The solution obtained is yellow, owing its color to the 
presence of iron. 

This species occurs both at the Red Cloud and Cold Spring mines. 
If subsequent investigations, with a more ample supply of good material, 
·confirm the result of the above examinations, I shall propose to dis
tinguish · t9is mineral from other t ellurets of lead by · the name of 
Henryite, dedicated to P rof. Joseph H enry, director of the &mithsonian 
Instit.ution. · 

No. 2. 

Probably orthorhombic, (no crystals were found from which the 
--crystalline form could be deduced beyond a doubt;) occurring mostly in 
thin threads and foliated masses. Cleavage perfect; hardness, 1 to 1.5; 
luster metallic, spleudent; streak submetallic, dark-gray to black; color 
between bright lead-gray and steel-blue; opaque; partly malleable and 
.sectile; flexible when broken into thin scales. 

In consequence of being obliged to work with very small quantities, 
it was impossible to make more than a partial quantitative examination, 
which, however, combined with the qualitative, appears to distinguish 
this mineral from any known species : 

Au, Ag, 
18.82 _ 28.60 per cent. 

while the qualitative analysis revealed yet tellurium, iron, and lead; of 
the latter merely a trace, howe·ver. An approximate determination of 
the iron leads me to infer that the forinula will be-

3 .Ag Te + (.Au Fe) Te 

In this mineral, the percental ratio of .Au to Ag is 2: 3, while in the 
mineral nearest related to it, in the Petzite, it is 5: 8; and while Petzite 
contains on an average 25 per cent. of gold and 40 o:(_ silver, these 
figures are not so high in our mineral. 

In the open tube it gives off tellurous acid, acting like No. 1. Before 
the blow-pipein the oxygen-flame, it coats the charcoal white, giving in the 
reduction flame an impure globule of gold and silver . .After being heated 
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a short time, the assay becomes highly magnetic, indicating the presence 
of a considerable quantity of iron. Nitro-muriatic acid decomposes the 
mineral. 

Subject tQ the same conditions a-s No. 1, I shall, if the results are 
subsequently verified, propose for this mineral the name of Schirmerite, 
dedicated to Prof. J. F. L. Schirmer, of Denver, who kindly supplied 
me with specimens from his rich store. 

NATIVE TELLURIUM. 

Hexagonal; occurring.massive and in small crystals; lateral cleavage, 
perfect ; form, columnar masses in the accompanying white quartz . . 

Hardness, 2 to 2.5; specific gravity, 5.802, which is lower than that 
given for tellurium, 6.1 to 6.3; but may be explained by the fact that 
the metal and quartz could be separated but imperfectly. Structure, 
lamellar-; color, tin-white to light steel-gray; luster, splendent; streak, 
submetallic, light-gray to gray. . 

In the open tube it gives off white fumes of tellurous acid and a strong 
selenium odor. Before the blow-pipe, on charcoal~ melts readily, coat
ing the latter white in the oxygen-flame; black or very dark-gray in the 
red flame. Treating for some time with the red flame on charcoal and 
moistening the black coating with concentrated sulphuric acid, the 
coating will turn a bright carmine upon warming gently. Held into a 
steady oxygen-flame it colors it blue, with the edges tinged bright green. 
Bismuth produces a slight yellowish tinge on charcoal near the assay. · In 
the closed tube the characteristic red deposit occasioned by selenium 
is found. • 

As stated above, this tellurium is intimately associated with quartz, 
which composes 52 per cent. of the entire mass. .An analysis, in which 
the constituents other than tellurium were determined approximately, 
gave the following result: 

Te, Se, Fe, Bi, · Au, Ag. 
90.85, approximate, trace, trace. 

Having obtained more material, a full analysis will be given. It is not 
so pure as the tellurium from Transylvania, which yielded from 92 to 97 
per cent. of the .metal. 

CATALOGUE OF THE MINERALS OF COLORADO TERRITORY. 

The following is a list of the minerals found in the Territory of Col
orado, give~ as completely as possible up to date. In compiling it, _ the 
observations of Professor Schirmer, from Denver, 1\Ir. J. A. Smith, ter
ritorial geologist, Mr. von Schulz, E. M., 1\Ir. Peters, E. M., Mr. Frazer, 
E. M., Dr. A. C. Peale, Mr. 1\Iarvin, and myself have been used. ' The 
~ingle initial after the enumeration of each locality or series of localities 
gives the name of one of the above-mentioned gentlemen by whom the 
mineral was collected or observed at that locality. Mr. Smith's Cata
logue .of the Principal Minerals of Colorado afforded much valuable in
formation. The comparatively meager representation of mineral species 
in a country so richly endowed with mining-lands as Colorado is is per
ceptible at a glance. Very little definite and applicable know ledge has 
·thus far been gained relative to the distribution of minerals and ores 
thr6>ughout the world, and every catalogue, however small, if only ac
curate, adds its share to the further development of that knowledge. 
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ACTINOLITE.-In radiated form, of light-green color, on station 2, E.
On Buffalo and Sopris Peaks, P. Bergen's ranch and North Boulder 
Creek, S. · 

AGATE.-Cloudy, of white and gTay color in the tr~chytic formations ·of 
station 27, in various forms at the Los Pinos agency, E. In South 
Park, in the Arkansas Valley, and on the Frying Pan in varieties, P .. 
Throughout Middle Park, 1\:L 

ALABANDITE . ....:....At Quartzville, Peters. 
ALABASTER.-Mount Vernon, S. 
ALLOPHANITE.-Frankline mine, in Gilson Gulch ; Fowler and Wells"s 

tunnel, Sugar Loaf district, S. 
ALUMINITE.-Mount Vernon, S. 
AL UM.-llount Vernon, S. 
AMAZON STONE, (Adularia.)-Elk Creek, S. . 
AMETHYST.-At Nevada and other neighboring localities, S. On Rock 

Cre~k, P . 
.A]fiANTHITE.-N orth Boulder Creek, E. 
AMPHIBOLE.-Buffalo Peak, P. Montgomery, Peters . 
.ANGLESITE.-Freeland mine on Trail Creek, S. In crystals at the Horse-

shoe lead-mine, in South Park, Peters. 
ANHYDRITE . ..:_On Elk Creek, F. Crystallized at the salt-works in South 

Park, Peters. 
ANTHOPHYLLITE.-N orth Boulder Creek, S. 
APATITE.-At Fairplay, Peters . 
.APOPHYLLITE.-Station 22, E. 
ARAGONITE.-Occurring in the form usually termed flos Jerri, very 

beautifully in Marshal's tunnel, Ged'i'getown, E. Golden, S. 
ARGENTITE.-Colorado Central Mine, Terrible, and other- mines at 

Georgetown; in the No Name, Caribou, and others at Caribou; in 
some :mines near Nevada; in the Senator lode of the Hardscrabble 
mining-district; it occurs mostly in small quantities, imbedded either 
in quartz or in the predominating ore; when decomposed, native sil
ver is the result, E. At the Silver Star, Moore, and other mines near 
Fairplay, Peters. 

ARSENOPHYRITE.-Priest 1\fine, Fairplay, Peters. 
ASBE"STus.-Occurs in small quantities, partly radiated, near Caribou, E. 
A VENT URINE FELDSP AR.-On Elk Creek, S. 
AZURITE.-In the No Name, together ·with malachite,. the result of de

composition of fahlerz, Caribou; in the Rosita mines in Hardscrabble, 
E. On Trail Creek, S. On Crater Mountain, in the mines around 
Fairplay, and in the mines of Elk Mountain district, P. 

BISMt1THITE.-In the Las Animas mine, pseudo-morphous after
BISiYI:UTlTE.-From the Las Animas mine, Sch. 
BARI1'E.-In "yellow tabular crystals, clear in the Tenth Legion mine of 

Empire, in the Terrible mine near station 17, and on station 46; near 
Canyon Cit.y transparent crystals occur in the arenaceous formations 
of that locality, E. In Gilson Gulch, Georgetown, S. Crystals occur 
in the limestones around Fairplay, P. · 

BASA,NITE.-East of the salt-works in South Park, P. 
BERYL.-On Bear Creek, Ti:ffanny's ranch, S. 
BIOTITE.-On Butfalo Peak and station 64, P. 
BI'l'UMINous COAL.-At several localities along the Border range, at 

Pueblo and Canyon; E. On Trout Creek Pass, P. 
BRUCI1'E.-0n James Creek, F. . 
OALCI'l'E.-In small crystals, scalenohedra, at the Monte Christo Cen

tral; on station 35, camp 32, E. At Mount Vernon, Bergen's r~nch, 
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S. Rhombohedral crystals on Cheyenne Mountain; in the limestones 
of South Park; scalenohedra in Elk Mountain district; fibrous in 
Trout Creek Park; on Frying-Pan Creek, P. 

CALEDONITE.-Freeland mine, Trail Ureek, S. 
CAOLINITE.-Camp 42, E. 
'CARN.ALLITE.-Salt-works, South Park, Peters. 
CAJ:-:.NELI.AN.-Middle and South Parks, M. Los Pinos agency, E. 
CERARGYRITE.-Gilpin Uonnty lode, Black Hawk, S. Small, compact 

quantities in the Wade Hampton mine, Peters. · 
CERRUSSITE.-J. P. Whitney mine, in very small crystals; Central; 

No Name, Caribou; Caribou mine; Silver Hills mines and Rosita 
mines in the Hardscrabble district, E. }_,reeland mine, Trail Creek, S. 
In the Horseshoe mine it occurs earthy, and is found throughout the 
mines of Elk Mountain district, P. 

CHALCEDONY.-On station 27; at the Los Pinos agency, E. Middle 
and South Parks, 1\L and P. Buffalo Park; Fair Play; Frying Pan; 
Trout Creek, &c., P. 

CHALCANTHITE.-On Clear Creek below Black Hawk, in a deposit, and 
on several dumps near Central, E. 

CH.ALCOCITE.-Bergen district, 'near Idaho City, F. Liberty lode, 
Bear Creek,.s. 

OHALCOPYRITE.-Auriferous in the Bobtail, Winnebago, Dallas, Gun
nell, Running, Kansas, Oalifornia, and other mines at and near Cen
tral; mostly occurring compaDt, and frequently very intimately inter
mixed with pyrite. It occurs in every paying gold-mine in Gilpin 
Oounty, and the miners seem to think a great part of the "pay" de
pendent upon its presence. It also occurs in the Terrible, Pelican, 
Cold Stream, and other mines of Georgetown, as well as in those of 
Oaribou and Hardscrabble, E. In the gold and silver mines of Fair 
Play and the Elk Mountain District, P. 

CHLORITE.-On station 45, E. On Trail Creek, S. On Sopris Peak, P. 
CHLOROPHANITE.-Bergen . district, S. . 
CHROlVIITE.-Massive; Silver Hills and Fair Play, Peters. 
UHRYSOCOLL.A..--.Champion lode, Trail Creek, S. 
CHRYSOPRASE.-Rare, in :Middle Park, S. 
COAL.- Vide BITUML~OUS COAL. 
COPPER.-N ati ve ; arborescent in the Gregory lode, Central, E. 
COPPERASITE.-On the dumps of the Wood Lode and Nevada, E. 
CUPRITE..-In crystals, from Sacramento Gulch and from the Sweet 

Home mine, Peters. 
DoLOlVII1'E.-From the Four-JYfile Creek, P. 
EMBOLITE.-Peru district, Snake River, F. 
EPIDOTE.-In crystals together with garnet on Gunnell Hill, Oentral; 

in crystals, small, on stations 17, 43, 46, 50, and 77. A large number 
of the hornblende-dikes traversing the country contain epidote, either 
massive or in small crystals, E. On the summit of Mount Bros, Lake 
Creek Canon, Grand :1\-fountain, Elk 1\fountain Ridge, and all through 
the foqt-hills, P. On Trail Creek, S. 

F AIILERZ.-Terrible, Colorado Central, Pelican, and other mines of 
George~wn ; No name, Caribou, and others at Caribou ; station 46, E. 
For particulars .see chapter 1. 1 

FELDSP AR.--Occurs in the gangue-rock of a large n urn ber of mines near 
Central and Georgetown ; crystals showing the Carlsbad twin-system J 
al'e found in Gregory · Hill, Central, in the porphyry, at station · 46, . 
at .J.{osita, E. Twins are also found in the porphyries of Gold Hill, 

· ~1., on Elk Creek; and at Idaho, S. Compare ORTHOCLASE. 
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FIRE-CLAY.-Golden, Ralston, Boulder, &c., S. 
FLOAT-STONE.-Marnmoth lode, Central, S. 
FLOS FERRI.-Vide ARAGONITE. 
FLUORITE.-Terrible mine, Georgetown, in light-green cubes; in small 

crystals and massive, of violet color, on 1\fount :M~cClellan and Gray's 
Peak, E. On Bear Creek, S. ; massive, pink and violet in the Sweet 
Home mine, Peters. 

GALENITE.-In narrow seams, fine-grained, Winnebago; feathery ~n the 
Dallas mine; coarse-grained in the J. P. Whitney, .Running, Monte 
Christo, Forks, and other mines of Gilpin County. In the Colorado 
Central, Equator, Star, Pelican, Terrible, and others it occurs in large 
quantities. The Cold Stream shows beautiful crystals, combination 
of cube and octahedron, with rarely the rhombic dodecahedron. The 
International, at an elevation of about 12,800 feet, has a heavy vein 
of galenite. The No Name, Caribou, Fourth of July, and other mines 
in Boulder County contain the mineral. The Silver Hill mines (fine
grained) and the Rosita mines in Hardscrabble district. On station 
46, E. Hamilton, the mines around Fairplay show crystals; the mines 
of Elk Mountain district, the head of Iowa and of Empire Gulch 
contain galenite. In small scattering quantities it is found almost 
throughout the country, P. 

GARNE'l'S.-Crystallized in rhombic dodecahedra and sometimes ikosi
tetrahedra ; found together with epidote i~ the dike on Gunnell Hill. 
Closely resemble the garnets from Auerbach, in Germany. In mica
schist at camp 14 and at station 22, E. On Trail Creek, Bergen, &c., 
S. 1\fontgomery, Peters. · 

GoLD.-Native gold in very small and indistinct crystals in the Bob
tail, Gunnell, Quartz _ Hill, near Oentral, E. Tarryall Creek, Placer 
Piggings, near FairpJ.ay, in imperfect crystals and laminre; in Wash
ington and California Gulches, in the Placers of Union Park, and 
numerous other localities, P. Occurring as the result of decomposi
tion of the tellurids at Gold Hills, 1\:1. Lately discovered native in 
large quantities, though very minutely distributed, in the quartz
ledges of the San J nan mining-district. 

GosLARITE.-On the dumps of the Wood lode, Leavenworth Gulch, 
near Central, E. 

G-RAPIDTE.---Trinidad mine, Las Animas County, Sch. 
GREENOCKITE.-On sphalerite of the Dallas mine, Black Hawk, E. 
GYFSUM.-Is .distributed very widely throughout the Cretaceous forma-

tion of Colorado. Good crystals are rare. Selenite is the usual form 
of its occurrence, fr~quently being found in twins. 

H.ALITE.~Salt-works of South Pa.rk, along some part8 of the Platte 
River in springs, P. Found as salt-licks in various parts of the Ter
ritory. 

HEM.ATITE.-Specular, on Procer Hill, Central, E. Bead of Bear Creek; 
fibrous and specular in Philipps mine, Silver Hills; in the mines of 
Elk :Mountain district; micaceous on station 65; on Sopris Peak, P. 

liENRYITE, n. sp.-Red Cloud mine, Gold Hill, Sch. a.nd M. Cold Spring 
mine. 1\:L · 

HITCHCOCKITE.-On copper minerals of the Dallas mine, Black Hawk, 
E. 

HoRNBLENDE.-Occurs in numerous localities in the dikes, so that it 
would be useless to enumerate them. Good crystals none were found. 
Radiated on station 43. E. · 

HYALIT.E.-On stations 33 a.nd 34 in trachyte, E. .At the Hot Sulphur 
Springs of Middle Pa.rk, S. 
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IDOCRASE.- Vide VESUVIANITE. 
IRON.-Native, in the Colorado meteorite found in 1866, S. 
JAMESONITE.-Sweet Home mine, Peters. San Juan, Sch. 
J.A.SPER.-Ureen a:nd red, station 33; yellow, red, brown, gray, Los 

Pinos Agency, E. Throughout lVIiddle and South Parks, M. and P. 
LABRADORITE.-Near Golden in the dolerites, E. Near Fairplay in the 

trap-rock, P. 
LEAD~-NatiYe, in all Gulch, Summit County, Scb. At Breckenridge, 

S: An announc .ment of native lead must always be received with 
the necessary ca tion. The specimen owned by Professor Schirmer 
I haYe seenl but although it had a· very "natural" appearance, was 
unable to decide 

LEPIDOLITE.-Sta ion 17, in a form resembling the Saxon zimuraldite, E. 
LEUCITE.-'rable fountain, Golden City, S. 
LEUCOPYRITE.-8 anish Bar, 8. 
LICORITE.-N orth Clear Creek, S. 
LnrroNITE.-N ear ·'tation 17, E. ; in the Tertiary sandstones west of Plnm 

Creek, near Col rado City, P.; in several localities of South Park, 
Peters. 

MAG:;:iES:::TE.-lu s 'all quantities iu the running lode at Black Hawk, E. 
lVI.A.GNE'riTE.-In 1 ose nodules on Gunnell and Procer Hills, at Central; 

in srna.U octabed ic crystals in the gneissic rock on station 1 ; on sta
tion 54; E. Oc urring in the granites of -various. localities, Silver 
Hills, vVhite Ho se, Capitol, in the doleritic rocks generally, P. At 
Idaho and Carib u, S. 

1\f.A.LACHI'l'E.-Is :D und as the result of decomposition of fahlerz and 
other minerals a the Dallas, Leavenwort.h, and other mines near Cen
tral; at the No ~arne, Caribou, Seven-Thirty, Fourth of July, and 
others, at Carib u ; at some of the Georgetown mines ; at the Hard
scrabble mines, on station 46, and other localities, E.; at Crater 
Mountain, in th mines of Fairplay and Elk Mountain district, P. 

MARCA.SI'l'E.-Phil'pps mine, Fairplay, Peters. .1 

l\fELA.CONITE.-0 urring at the Gunnell, Briggs, Leavitt, Leavenworth, 
and other mines near Central, E.; at the Unknown mine in 1t'Iont
gomery, Peters. 

J\1ELANTERITE.-~n the dumps of the Wood, Dallas, and Kansas mines, 
and others, near Central, E. ; in the Sweet Home mine, Peters. 

1\:iESITINITE.-Bl· k Prince lode, Lump Gulch, S. 
METEORIC IRON. Vic1e IRON. . 
lVIINIUM.-Freeland mine, Trail Creek, S. 
MISPICKEL..-Together with pyrite in the Bobtail and other mines, E. 
MoLYBDEI\ITE.-Leavitt mine, at Central, S.; occurring in thread-like 

veins in Silver Hills, near Fairplay, Peters. 
:rviuscovrTE.-ln good crystals on station 2, and in the coarse-grained 

granite neat' Canon City; throughout the granite, and partly in the 
schist-rocks, E. 

0BSIDIAN.-Porpbyritic, in a dike, at station 27, E.; Buffalo Peak, 
Arkansas Valley, and U niou Park, P. 

ONYX.-Middle Park, lt-I. 
9PAL.-l\filky and precious at Idaho City, E. 
0RTHOCLASE.-In crystals in the porphyries on Gregory Hill, partly 

altered into sanidite. It occurs sometimes in very large pieces 
throughout the coarse-graine<! granites of Colorado, E.; in the por-
phyry-dike at Gold Hills, crystals of lalige size, M. · · · · 

PEGMATITE.-'-At several localities in the vicinity of Georgetown, pon 
station 2, E. Bear Creek and Gold Hills, in Boulder County, S. 
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PETROLEUM.-From the' oil-wells in Oil Creek Canon, to the east of 
Canyon City, E. 

PETZITE.-In the gold-mines of Gol'd Hill, occurring in narrow seams 
and veins, M. 

PH;LoGOPITE.-On station 46, E. 
PITCHBLENDE.-Occurs in large quantities; massive in the vVood lode 

in LeaT"enworth Gulch, near Central, E. 
PoLYBASITE.-ln tabular crystals at the Terrible mine, near Geqrge-

town, E. 
PR.A.SE.--Middle Park, }\;f. 
PREHNI1'E-Fair Play, in some of the mines, Peters. 
PROUSTITE.-Occurring in the Brown lode, intermixed with galenite, F. 
PSEUDOM.A.LA,CHITE.-Little Platt River, south of Fair Play, P. 
PsiLO]}fEL.ANE.-Seaton mine, Idaho, occurs in small quantities, E. 
PYR.A.RGYRITE.-ln the Colorado Central, Terrible, Internation-al, Cold 

Stream mines, at Georgetown, aSsociated with galenire, falilerz, and 
sphalerite, E. In the Brown lode with galenite, F. 

PYRITE.-One of the most widely-distributed minerals in the Territory. 
· As a rule, it is auriferous, occurring crystallized in pentagonal dodeca

hedra in the Bo_btail, Bat€s, Briggs mine; in cubes combined with 
the pentagonal dodecahedron at the Winnebago, Mack, Dallas, Kan
sas, G-rand Arllly, Gunnell, and other mines, all near Central City. 
In immense bodies it is found in the Mammoth, Briggs, and Leavitt 
lodes. It is found crystallized in the Terrible, Pelican, New Boston, 
Cold Stream, and other mines near Georgetown ; at the Tenth Legion 
mine in Empire ; in cubes at stations 45_ and 46, E. Found also in 
Silver Hills, crystallized in the mines of Buckskin. Cubes of four to 
five inches edge in the Philipps mine; in the Elk .Mountain district, 
on Eagle River; in octahedra on station 65, P. In the mines near 
Idaho, crystallized and massive, M. 

PYROLUSITE.-Ma.ssive at Buckskin and in Silver Hills, Peters. 
PYROMORPIDTE.-Freeland lode, Trail Creek, S. 
PYROXENE.-Near Fair Play, Peters. 
QUAR1'Z, CRYST.ALS.-Gunnell lode, Briggs mine~ Quartz Hill and other 

localities near Central. In the Rosita mines,, in some of the George
town mines, at station 46, E. On East River, in the mines of Elk 

. Mountain district, Iowa. Gulch, Sopris Peak, P. 
QUARTZ, SMOKY.-On the Colorado divide; large crystals on the Upper 

Platte, and on Pike's Peak, P. 
QuARTZ, ROSY.-On station 70, E.; camp 39, P.; Bear Creek, S. 
RHODOCHROSITE.-Sweet Home mine, Park County, Sch., in very beauti-

ful specimens, and in the Diadem mine, Buckskin, Peters. 
RUTILE.-On Ute Pass, ooourring in quartz, Peters. 
SARDONYX.-In l\1iddle Park, 1\L 
SCHIRMERITE, N. ~.-Red Cloud and Cold Spring mine; Gold Hill, 

Sch. and M. 
SCHREIBERSITE.-ln the Colorado meteorite, S. 
SELENITE.-At various localities in the shales, station 35, E. 
SEMIOP.AL.-At Los Pinos agency, E. 
SIDERITE.-Orystallized in South Park, Peters. 
SILVER,...;....Native, as wire-silver at the Terrible, Georgetown, at the In

ternational on Mount McClennan; as wire-silver in the No Name and 
Caribou mines at Caribou, E. In small nuggets and thin scales near 
Fairplay, in Washington Gulch, Homestake lode, P. 

SrNTER.-Siliceous, South Park, S. 
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SMITHSON11'E.-J ones's mine on sphalerite, near Central, E. Running 
lode, Black Hawk, F. 

Son.A..--Carbonate, from the Hot Springs of Idaho, E. 
SPH.A.LERITE.-Occurs in almost every mine; only few exceptions tak~ 

place. I.n the lead-silver mines it is more abundant than in the gold~ 
mines. It is found in the Winnebago, dark brown, Dallas, Gunuell.r 
J.P. Whitney, Kansas, Wood, California, Running, Bobtail, Briggs~ 
(sl;Ilall quantities in these two,) 1\fonte Christo, and numerous oth~J;.~ 
mines in the vicinity of Central. The mines of Georgetown invaria-i 
bly contain it. The Caribou mines show at times large quantities ofl 
the mineral. Sta tion 4:6, E. Sphalerite containing cadmium is fonnd1 

in several mines near Fairplay, Peters. 
SPINEL.-Crystal mine, Virginia Canon, S. . 
STEPH.A.NITE.--Colorado Central, Georgetown, E. ~loose mine near 

Fairplay, and others, Peters. 
STIBNITE.-Terrible mine near Georgetown, E. 
SULPHUR.--In a small crystal on galenite from the Clifton mine near 

Central, von Schulz ; found in Middle Park, S. 
SYL v .A.NITE.--In the Red Cloud mine of Gold Hill, occurring in foliated 

masses and thread-like veins, M. 
T.A.Lc.-In fine scales among the gangue-rock of the Bobtail and Kan· 

sas near Central. In light-pink scales in the Silver Hill.B and Barton 
mines, Hardscrabble district, E. On. Sopris Peak, P. 

TELLURIUM~ N.A.TIVE.-At the Red Cloud mine of Gold Hill, in crystal
line masses, belonging to the hexagonal system. Found in a speci
men obtained from Professor Schirmer. 

TENN.A.NTITE.-Crystals in Buckskin Gulch, Peters. Geneva district, 
Park County, Sch. 

TETR.A.HEDRITE.-Crystals in Buckskin Gulch, Peters. 
To'URM.A.LINE.-In the quartz of Gunnell Hill, Central, of Running Hill, 

Black Hawk, E. On Guy Hill and at Nevada, S. Station 64, P. 
Crystals with both terminations at 1\fontgomery, Peters. · 

TuFF A.-Calcareous, Currant Creek, E. Roaring Fork and Frying Pan, P. 
TURQUOISE.-Southern Colorado, doubtful, S. . . 
UR.A.NINITE.-On the dumps of the Wood lode in Leavenworth Gulch, E. 
VESUVIANITE.-In large crystals of simple combination on 1\'Iount 

Italia, station 64, P. · 
WILLEMITE.--Jones's mine, Central, E. 
WoLL.A.STONITE.-N ear Fairplay in the limestones, Peters. 
ZINCITE.-Jones's mine, ·central, S. 
ZINKENITE.-Sweet Home mine, small crystals, Peters. 
ZIRCON.-Bear River, Middle Park, S. 

. ... 
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THE LIGNITIC FORMATION AND ITS FOSSIL FLORA. , 

BY LEO LESQUEREUX. 

COLUMBUS, OHIO, July 14, 1874. 
DEAR SIR : I Rend you herewith my report on the botanical paleon

tology of the Tertiary formations of the Rocky Mountains. 
The results of the explorations of 1873 in regard to my special 

researches are exposed in ·the description of the new species of fossil 
plants, and in the discussion of the data furnished by these plants on 
the age of the Lignitic formations. . 

As there bas been of late some discussion on this last subject, and 
as the opinions of the explorers do not yet agree, I have reviewed in the 
first part of my report· the facts and arguments bearing evidence on 
the age of the Lignitic; in the second part, I have marked, by tables, 
&c., the distribution of the Tertiary flora in relation to the period~ which 
they seem to represent; in -the third part, the description of the new 
·species, or of those which were not yet known from American specimens, 
is given; and the .fourth has a review on the climate during theN orth 
American Tertiary epoch, as indicated by the character of the groups of 
its fossil flora. 

Besides what is due to the co-operation of the members of your corps 
in the collection of specimens of fossil plants, the survey is greatly 
indebted to Captain Berthoud, and to Mr. A. Lakes, of Golden, for the 
discovery of new species and the communication. of splendid specimens. 

Very respectfully, yours, 
L. LESQUEREUX. 

Dr. F. V. HAYDEN, . 
United States Geologist, Washington. 



INTRODUCTION. 

I shall begin my report of this year by a more detailed review of the 
essential facts and data which, furnished es~ntially by vegetable 
paleontology, have forced my condusions on the age and the geological 
distribution of the Lignitic formations of the West. 

There is always some uncertainty in the reference of fossil species to 
peculiar geological stations, when the paleontologist is called to describe 
them and judge of their geological relations_ without having himself 
examined the localities wherefrom the m~~erials have been derived; 
this on account of a casual mixing up of specimens, and also because 
the more characteristic species, which are sometimes of rare occurrence, 
~scape the eye of those who, unacquainted with fossils, collect speci
mens at random, and wherever they find them, for the examination of a 
specialist. . ]~or this reason I have to base my clasBification on the 
localities which i have visited myself, and on those which, either from 
stratigraphical evidence or by a close analogy in the characters of their 
fossil remains, are ascertained as synchronous. 

1st. I refer to Eocene (Lower American Eocene,) all the coal-strata of 
the Raton Mountains; those of the Canon City coal-basin; those of 
Colorado Springs, where a coal-bed, theGehrung's, is opened and worked; 
those of the whole basin of Cent,ral and North Colorado, extendijtg 
from Platte River or from the Pinery divide to south of Cheyenne, in
cluding Golden, :rtfarshall, Bowlder Valley, Sand Creek, &c.,. and, in 
Wyoming, the Black Butte, the Hall ville, and the Rock Spring coal~ By 
analogy of geological characters, compounds, and succession of strata, 
as indicated by Hayden, Leconte, and others, and also by the presence 
of species of fossil plants, which I consider as leading plants of the group, 
I refer to the same Eocene formation the Lignitic beds of New Mexico as 
far south, at least, as the Placiere anthracite coal; in Wyoming, those 
of Bear River; and in Utah, those of Coalville, as described by Professor 
Meek in the former report of Dr. Hayden, (1872, p. 435.) From its fossil 
plants, the coal of N anaimo, Vancouver Island, is referable to this 
section.· · · 

2d. I consider ~s American Upper Eo~ene (or Lower Miocene, the coal
strata of Evanston, and from identity of the characters of the flora, as 

· seen from the specimens communicated to me, those of six miles above 
Spring Canon, near Fort Ellis; of th~ locality marked near Yellowstone 
Lake, among basaltic rock; of Troublesome Creek, M.ount Brosse, and 
Elk Creek, Colorado. The spec~ mens from Bellingham Bay, Washington 
Territory, refer this locality to the sam~ horizon. 

3d. To the Middle Miocene I refer the coal-basin of Carbon, and from 
tbeidentjty of vegetable remains the Washakie group2 Medicine Bow, 
Point of Rocks, and Rock Creek. . r 

4th. To the Upper Miocene belongs the Green River .group of Wyo
ming; the coal of E lko Station, Nevada; the leaf-bearing strata of 
Sou~h Park, near Florisant and Castello R~ch; of Middle Park, and 
of Barrell's Spring. . 

The localities where only a few specimens of undeterminate relation 
have b~en obtained, and which are not v.ai!led in this conuection, are of 
littl~' importance. They may be~ome positively identified with one- of 
these ·stages of the Tertiary, and for this · reason, in.,order that the means 
of comparison may be more easily recognized, I propose to modify the 
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plan of my former reports in the following manner: The specimens ex
amined from the exploration of past year (1873) will be described in 
separate sections or groups, to which are referable. the l9calities where
frotn they are derived; and instead of placing in a single synoptical 
table all the species known ·from our American Tertiary measures, 
it will be more appropriate to prepare a table for each of the Tertiary 
stages, as recognized above; resening a general table for a later time, 
when our Tertiary divisions are more positively recognized. It is to 
this last end especially, and as stated above, that these different tables 
may be useful. The materials which we have now on hand are abun
dant enough to point out a marked difference in the vegetation of the 
different horizon of the Tertiary, though the general characters of the 
separate groups which they represent are not yet .well determined 
enough to give positive evidence in regard to the exactness of these 
divisions. As our Tertiary measures are of wide extent, and are likely 
to become more and more carefully studied, these different tables will 
afford points of comparison for local floras, and therefore for identifi
cation of local formations, just as, in the former reports, the general 
tables furnished for the comparison of the geological epochs, the Creta
ceous and Tertiary, an evidence which is needed no more; for, indeed, 
I believe that from the descriptions, details, and expositions of the 
characters of each of these separate groups of the Tertiary, its age and 
its disconnection from the Cretaceous will be established positively 
enough to prevent any further discussion on the 1patter. 

§ 1.-AGE OF THE NORTH AMERICAN LIGNITIC. 

Besides the evidence furnished on the age of this formation by the 
characters of the vegetable remains, I have, in my former annual report 
to Dr. Hayden, drawn some collateral conclusions, which. I wish to briefly 
review now, in order to separately consider, in regard to them, any new 
evidence afforded by the researches of 1873. 

These conclusions were taken, 1st, from the fact of the immediate 
superposition of the strata bearing plants to well-characterized strata of 
the upper series of the Cretaceous, the Fort Pierre and the Fox Hill beds 
of Hayden's section, in the Report for 1871, (p. 87.) This immediate su
perposition of the heavy fucoidal sandstones and of the Lignitic over 
U p,Per Cretaceous rocks, is seen in full evidence, as remarked in the re
port, in the Raton 1\'Iountains of New Mexico, around Trinidad; all along 
the ridge of sandstone from Trinidad to the Spanish Peak; at the Canon 
City coal-basin under the Lignitic formatiGn, as marked in the section of · 
1\'Ir. Nelson Clark, superintendent of the coal-mines; at Colorado Springs, 
in following the bed of Monument Creek, from the depot to Gehrung's 
c~al; at Golden, Marshall, &c. On this subject my ob~eryations agree 
with those formerly recorded by Dr. Hayden, Dr. Leconte, and others; 
the succession of t}le strata has been recognized by all the geologists. 

2d. I have not denied, ~nd do not deny now, the presence of animal 
Cretaceou.s remains in the strata of the Lignitic, though persisting to con
sider the formation as Tertiary notwithstanding; for I regarded and still 
regard the presence of some scattered fragments of Cretaceous shells as' 
of little moment in comparison with the well-marked characters of the 
flora, characters which have been fully established by a large number of. 
specim.ens obtained from all the localities Feferred to the Lignitic. Ire
marked, however, on the ·scarcity., if not the total absence, of Cret~ceous. 
animal remarins in the whole extent of the Colorado basin, from t.he. ~a; 
ton Mount~ins to Cheyenne. ' ' 

Since then, new evidence has been supplied to this subject, first by a 
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letter of Prof. E. T. Cox, who, in comparry with Dr. R. Owen, found 
specimens of Scaphites and Inocerami in strata supposed to belong to 
the Cretaceous Lignitic, as quoted by Dr. -Leconte in his Notes on the 
Geology of the Union Pacific Railway, (p. 19.) Professor Cox says, con
cerning these specimens, which are still in his cabinet-

! copy from my memorandum-book the section and notes made at Spanish Peak, a 
range of the Rocky 1\Ionntains, from a stage-station on Purgatory Creek. 

Cretacoous. 
Hard band. ___ ......•..•.•...............•.•.....•......... _... . • • • • . . . . . 20 feet. 
Thin and thick bedded sandstOne, ~ 
Schistose sandstone and shale, ....................................... 200 feet. 
Solid bedded sandstone. . 
Thin coal ..•••..•.......................... · .......•........•.••.••...••.•. --
Solid grit, with pebbl£s ........................................ , .......... 70 feet. 
Talus at base .............................................................. 400 feet. 

The talus rested upon the table-land, which is 240 feet above the bed of the creek; 
total height, from bed of creek to top of section, 930 feet. The :ridge extended back 
from face of hill, and appeared to be about 100 to 150 feet higher.-(Note on section 
from memorandum-book:) Found in the wash at foot of talus in the above section, 
Scaphita nodosa, and a species of Inoceramus. 

The section is Silllilar to those given in Hayden's Report for 1872, (p. 
319), of the Lignitic and its underlying heavy sandsU:me, on the Purgatory 
Creek, near Trinidad, which is underlaid by a talus of Cretaceous black 
shale, No. 4. It compares especially well to my own, in the same report (p. 
320), of the range opposite Trinidad, where the underlying black and 
Cretaceous shales and covered space to the bed of the creek measure 300 
feet. From this place, and along the stage-road to Spanish Peak, the 
distribution of the strata is the same, the heavy Lignitic sandstone tow
ering over the talus of the black shale, like a wall, as reported, (loc. cit., 
p. 321,) and overlaid by the beds of lignites, or the productive Lignitic. 
That, therefore, the Cretaceous fossils found at the base of the talus of 
black shale No. 4 do not prove that the Lignitic above is of Cretace
ous age is evident enough. The section of Professor Cox, on the con
trary, confirms the deductions taken in relation to the superposition of 
the Tertiary Lignitic to the Cretaceous in that part of the country. 

The authority of Captain Berthorld, of Golden, bas been often quoted 
on the same subject, and is generally considered as of great weight in 
geological matters of Colorado, a region which this gentleman has for 
many years surveyed for the construction of railroads and carefully 

· examined with the eye of a practical geologist. He has been reported 
as supporting the assertion that Cretaceous mollusks had been found 
above the beds of the Lignitic formations. In regard to my inqui
ries on this subject, he had, like Professor Cox, the kindness to give his 
detailed opinion in a Jetter, whose statements are worth preserving. He 
says, · 

1st. That if Professor Stevenson observed Inocerami, Ammon-ites, Scaphites, Bacu.lites, 
Nuculw, &c., in superposition to Lignitic strata of Colorado, it is clear to me that it is 
only a case of local inversion; i.e., that, as shown in our basin of Golden, tho Lignitic 
sandstone has been so tilted up that, with the coal-seams near by, it was thrown ovor 
the perpendicular, and thus Cretaceous strata would. appear in superposition. 

2d. That between this Lignitic and the Cretaceous beds holding Inoceramus, &c., 
on Bear Creek, there is fully one mile on an e~st or west line, so that the Cretaceous 
beds and _the Lignitic coal-shale, fire-clay, and' sandston~ are not conformable in dip, 
and clearly show the superposition o:( the Lignitic beds. This is undoubted, as the 
Cretaceous limestone debris, under green and yellow clay-beds, disappear under the coal
beds at our old camp on Bear Creek that you visited with me. 

At Golden I cannot see that the Cretaceous beds are conformable to the sandstone 
and coal; so far I wrote to A. R . .Marvine. Now, I will add to this for you some other 
remarks. It has alw:ays seemed to me a stumbling-block when ten years ago, or more, 
and until 1868-!'69, I supposed and believed i5hat our coal was Cretaceous, to find every
where, when examined by me, that there was no conformability between the Lignitio 
Measures and ·the outcrop west; and that at Ralston, Bear Creek, Table Mountain, the 
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stratification was also unconformable to all from the coal westward. But when I find· 
that as we proceed east, the superimposed Tertiary beds are getting more and more 
horizontal, and that in the clays and sandstones above the coal, we see a well-developed 
resemblance in fossil plants up to tlie basalt overflow, I gave up the idea of the Cre
taceous origin of this Lignitic, and the possibility that a salt-water deposit could belong 
to the same geological horizon, as indicated by the Tertiary fresh-water deposits, par
ticularly as the couformability of this coal and this Cretaceous limestone cn,n nowhere 
be shown. As to Dr. Leconte's report of what I found east of Pike's Peak, it is in 
the main true. I found coal when on a scout. ·I judged it W_i1S nine feet thick. It 
seemed almost horizont al, but I would not say it was horizontal, as it was badly cut 
up by the drainage of the small gully we found it in. In bluffs north or northwest I 
found several Bacnlites that seemed to come from a cla:v-bed in the bluffs; but whether 
this coal was superimposed to this baculite clay, or the clay was over the C0~11, I could not 
say positively either way. South west of this locality, twenty-five miles, on the Ark~nsas, 
the Baculite clay-beds are below the Inocerrtntnslimestone, and no coal whatever above. 

3d. The coal-bed opened near Platte Canon I have not yet seen. I know that fine 
Baculites and Scaphites have been obtained there, said to be near the coal, but have no 
evidence of it; will visit and report to you, as soon as I can, just what I find there. 
But I think it is a case of local inversion, as the coal, to within three and one-half miles 
of South Platte River, is tilted up the same as at Bear Creek, Golden, Ralston, &c. 
Eleven miles north of Golden, on Coal Creek, these Lignitic beds are regularly inclined 
east, and no Cretaceous beds west of them can I find. At Murphy's coal-mine no Cre
taceous fossils are found east of the coal. In Golden, cutting a deep well in the green 
Tertiary clay about 1,000 feet east of the coal has exposed a stratum of deep-green clay, 
with a large deposit (leaf-bed) with leaves changed into glossy coal. They seem to 
belong to Salix, Platanits, Rhantmts, &c. ; a gramen, also a small fragment of an elytra, 
or wing-case of an insect. The fossil beds near Bowlder County are accompanied with 
clay full of casts of leaves, of sedges and grasses, mollusks, fossil turtles, and one or 
two bones that Professor Marsh thinks are Dinosaurus. 

This is sufficient to show that, except the specimen of Inoceramus 
found by Dr. Leconte at the . Raton over Lignitic beds, no Cretaceous 
fossil mollusks have been found till now in the whole Lignitic basin 

· from the Raton Mountains to Cheyenne. 
3d. To answer the objections ·that at Black Butte, Coalville, Bear 

Biver, and other localities· in Wyoming, the Lignitic beds and sandstone 
bearing plants had been recognized underlying strata with fossil remains 
of Cretaceous 'animals, I had to examine if, from its nature and its fossil 
plants, the Lignitic formation should be of necessity recognized as a 
whole, or if it could be separated into di:tferent members, the one repre
senting the Upper Cretaceous, the other the Lower Tertiary. For this, 
of course, the essential documents to be considered in the view of my 
special researches are the fossil plants. From the large number of 
Fucoids in the sandstone, and from the identity of some of the species of 
these marine plants found by Professor Meek, even in connection with the 
lower strata of the Lignitic as far down as the arenaceous beds of' Bear 
Creek and Coalville, with Cretaceous animal remains; from the prodi
gious preponderance of palms; leaves and fruits, recognized also in the 
same circumstance, &c., I forcibly admitted the unity of the Lignitic 
formation in its whole, and therefore limited the discussion to this point: 
. the Cretaceous or the Tertiary age of the formation. The detailed exam-

. ination of the fossil plants of the Lignitic and of their distribution affords 
more evidence on this question. -

4th. To strengthen my position in regard to the conclusions afforded 
by vegetable remains, I compared the Lignitic formations to those of the 
Carboniferous epoch, remarking that, having positively a preponderance 
of land-plants or a land-character, they should be considered as a land
formation ; that in every formation, especially in every land-formation 
like that of the Carboniferous, the fossil animal types are more or less in 
discordance with the vegetable forms in regard to the data furnished 
by them on the age of the formation. .As in the Carboniferous we find 

1 Devonian mollusks far above the millstone-grit, and also Permian shells 
far below the Permian, and as the Carboniferous is now generally recog-

24 G S 
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nized as a homogeneous single formation, :t argued that, the same dis
accord being remarked in our Lignitic measures, we bad to explain it in 
the same way, and should not, on that account, force an abnormal divis
ion of a formation whose flora is positively analogous or· s~'nchronous 
in its characters in the whole thickness. A dh;crepancy of the same 
kind is recognized in the Cretaceous formations of Europe, even between 
the groups of animal fossils which characterize them. The president 
of the Society of Natural History of Geneva, my honored friend, Rev. 
Duby, says, in his discourse of 1861, in regard to the geological observa-
tions recorded during the year, . 

That the society had been favored by Professor Pictet with numerous communica
tions relative to paleontology, of which the most important is a notice of the succes
sion of t,he cephalopod mollusks during the · Chalk period in the region of the Swiss 
Alps and Jura. Mr. Pictet derives, from a detailed study of the fossils contained in the 
Cretaceous strata and their comparison with contemporaneous repositories, an argu
ment in favor of the idea propounded by Mr. Barande, that two successive faunas 
must necessarily have existed together for some time, and he concludes by showing that 
paleontological faunas, distinguished through by marked characters, are not ordinarily 
susceptible of any rigorous limitation. 

Messrs. Claparede and Favre took occasion to remark on this, how 
much the conclusions of Mr. Pictet must in future complicate the task 
·of geologists who undertake to determine the age of the formations. On 
the same subject Count Saporta, one of the highest European authori
ties' in. vegetable paleontology, remarks,* in speaking of the presence 
of A1nmonites, Baculites, Inoceramus, &c., in the American strata, which, 
by their fossil plants are characterized as Eocene, that these mollusks 
have persisted for a longer time in the Cretaceous of America than in · 
Europe; a fact which is easily admitted, as, in France, the chambered 

. cephalopods bad left the Cretaceous seas of the south long before they 
disappeared from the north. The same remark is repeated in Jukes 
and Geikie's Manual of Geology, (p. 664.) 

In parts of the north of France there occur curious banks of white pisolitic lime
stone, resting apparently in hollows of the chalk, &c., but Aometimes on the same level 

· as the lower beds of the Tertiary rocks above it. So~e of the"~fossils are true Creta-
ceous, w bile none, I believe, are Tertiary forms. w 

We have apparently something like this in our geological Upper Creta
ceous formation, if, as it seems proved, we do not find any kind of Cre

. taceous mollusks in the Lignitic basin of Golden, when their presence is 
still asce.rtained in the Ljgnitic of Bear River and Coalville. The English 
geologists remark on facts of this kind, ( loc. cit., p. 665:) 

That the existence of local groups of rocks that will not exactly fit into the general 
series, either from their containing fossils different from those found in any other group, 

· or from their uniting parts of two sets of fossils which are elsewhere distinct, although 
sometimes perplexing, seems neither unnatural nor different from what might be 
expected. It merely shows us that our geological series is a series of fragments, not one 

· of absolutely continuous succession. · 
In his travels with the Hassler, Professor Agassiz has observed a 

case which may serve to explain anomalies between the records fur
nished by animal and vegetable remains in regard to the age of the 
strata.t 

The geology of the coast of Possession Bay is interesting to the highest degree. 
All along the coasts, north of the Straits of Magellan, the Tertiary formations, same as 
along the coasts of Eastern Patagonia, are perfectly distinct, even seen from a distance, 
by their horizontal strata, also remarked on the coast of Fuego. In Possession Bay we 
landed to more carefully recognize the character of the country, &c. One mile 
inland from the cliffs I found, at 150 feet above the sea-level, a pond of salt water, which, 
to my great surprise, had an abundance of marine shells, identical with those of the 
.sea along the coast. They were in a perfect state of preservation ; many were living, 

* In letters. 
t Letter of Professor Agassiz to Professor Peirce, in Boston Advertiser. I have tore

tran~late this from the French Revue scientijiquc, No. 46, May, 1873. 
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and I could collect a large numbel"of specimens, with living ani~als, for preserving in 
alcohol. The most numerous were Fuci, Buccini, Fiss·urellm, Patellm, Volutm, &c., all in 
the same numeric relation which was remarked in the sea under the cliffs. The pres
ence of this salt pond, with its living inhabitants, proves a very recent upheaval of the 
coast. The exact iime could not be precisely fixed without a more extensive geological 
examination. The fact is the most complete confirmation of Darwin's assertion, pub
lished more than thirty years ago, that there bas been a recent upheaval of the coasts. 

Admitting the fact as it is exposed by Professor .Agassiz, and sup
posing that, after an epoch of time, there should be a contrary, slow 
movement. or depression of the same land, and that from the start this 
depression should be accompanied by 

1

the intr.oduction of fresh-water 
lakes, of swamps, &c., the growth of extensive bogs, and the formation 
of peat-beds by plants; that over it aJ succession of shales and sand
stone should be formed by more rapid depression and the invasion of 
muddy or sandy .water, &c., the result f this heaping-up of new mate
rials would represent, of course, a more recent formation, characterized 
by its remains of fossil plants, this, under or below the level of a more 
ancient one, characterized by its fossil invertebrate animals, &c. 

5th. In recording the opinions of geologists, who, by their researches, 
have furnished materials (animal fossil~) as evidence of the Cretaceous 
age of the Lignitic, I quoted Professor Meek's passage of a letter, where 
his opinion is exposed rather in favor ttian in contradiction of mine. Of 
course, I was not then informed of his cpnclusions published later. We 
have now, in the report of Dr. Hayden for 1872, (pp. 431-462,) the re
sult of the researches of this careful obiserver, tending to prove that the 
Lignite-deposits of Coalville have been positively recognized underly
ing strata characterized as Cretaceous by their remains of mollusks . 
.As no fossil plants have been discovered ib:connection with these coal-beds, 
except the omnipresent fucoid, Halimenites major, no argument can be put 
forward from the comparison of vegetable fossil remains. It is, however, 
remarkable that the constitution of the Lignite of Coalville, the thick
ness, the distribution of the beds, is about the same as that of Evanston; 
so similar, indeed, that the more experienced miners and superintendents 
of the mines at Evanston and other places consider these Lignitic beds 
as the same. The difference of fixed carbon in the lignite of the two 
localities is only 1 per cent.; that in the proportion of water, only 2; in 
volatile matter, only 3. .And if we admit that the chemical compound 
of the coal and the lignite, like that of the peat, depends especially 
from the original constitulfuts, the plants, we have in this fact of identity 
of chemical compounds more than a probability of a homogeneity of 
original or vegetable components. In this case the discussion is recalled 
to this point, as remarked above : the whole Lignitic being a homogeneous 
formation, we have to decide if it is Cretaceous or Tertiary. 

The locality where the discussion on the relation of fossil remains 
may be made with the most advantage is that of the Bitter Creek 
series, -where there is an abundance of vegetable remains repre
sented, at Black Butte especially, and of animal fossils, saurians, 
shells, &c., also found in profusion in the strata of this series from 
Black Buttes to Rock Springs. In the whole series, neither Professor 
Meek nor his assistant have found any shells truly characteristic of Cre
taceous age; and Professor Meek says himself, (p. 458,) "that although 
partly committed to the opinion that this formation belongs to the Cre
taceous, and still viewing it as most probably such, he does not wish to 
disguise or conceal the fact that the evidence favoring this conclusion, 
to be derived from the mollusks alone, as now known, is by no means 
strong and convincing." .As from the flora of Black Butte we do not 
have any identical or intimately related species to the Cretaceous plants, 
as all the types are Tertiary, even a large number Miocene, the conclusion 
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is forcibly in favor of the Tertiary age of the Lignitic. Nearly one-half 
of the species of fossil plants found at Black Butte are identical with 
or closely related to Eocene and Miocene species of Europe. On this. 
subject even the invertebrate animals seem to point out to the same 
conclusions; for Professor J\feek remarks, (Zoe. cit., p. 460,) "that he 
found directly associated with the reptilian remains of Black Butte 
(that saurian imbedded in Tertiary leaves) a shell which be cannot dis
tinguish from Viviparus trochiforrnis, originally described f.fom the Lig
nitic formations at Fort Clark, on the Upper Mississippi, a formation 
that has always been regarded as Tertiary by all who have studied its 
fossils, both animal and vegetable." The whole discussion on the subject, 
continued by Professor Meek, and reviewed clearly on the following 
pages, (pp. 461-462,) establish the same fact, that paleontological evi
dence from remains of invertebrate animals is rather in favor of the 
Tertiary than of the Cretaceous age of the group. 

The conclusion of Professor Cope amounts to this : that from the Da
kota group to the top of roof of the Black Butte main coal be met with 
an uninterrupted series of animal Cretaceous remain·s, mollusks in the 
lower· beds and vertebrates in the higher, proving that the beds are Cre
taceous(!). Comparing this with the flora of the Lignitic, he concludes 
that a Tertiary flora was contemporaneous with a Cretaceous fauna, . 
establishing an uninterrupted succession of life across what is generally 
regarded as one of . the · greatest breaks in geological time. 

This conclusion does not appear to exactly conform to facts, at least 
on the point of view of vegetable paleontology, for on this account, and 
contrary to what is remarked by Professor Cope in following his re
searches on the bones of extinct· species of animals, we. have from the 
Dakota group to the lowest strata of the Lignitic, or to the same bed at 
Black Butte, where the bones of that dinosaurian were found~ an evi
dent and total break in the succession of vegetable type, quite as 
marked as it can be in passing from the Jurassic to the Cretaceous. 
This anomaly may be explained in considerinig this fact : that the flora 
is in direct collateral relation with atmospheric circumstances which do 
not influence, at least not in the same way and with the same activity, 
the marine world and the land vegetation. Morever the lower Eocene 
of Europe has a series of clay beds bearing remains of land plants . 
. They are intermediate, it seems, between t~ upper Cretaceous and the 
Lignitic formations, aJ;td thus indicate long periods of time sufficient to 
account for great modifications in the flora. · 

6th. Leaving aside these considerations, which bear indirectly on the 
su~ject, I have to come back to the ·question 'of the precedence which in 

·a case like this should be accorrled to fossil plants, for the determina
tion of the age of the formation ; for I cannot leave without contra
diction a critical remark made against the report of last year, which, 
among others, says : * 

Mr. Lesquereux has met the statements of Professors Meek, Cope, and Marsh, that 
Creta~eous mollusks had been found in and overlying the Colorado lignite deposits, 
by pointing to his 250 species of fossil plants, claiming that they far outweigh the tes
timony of the animal remains. In fact, however, these fossil plants have little bear
ing on the question. 

The absence of fossil mollusks in the Colorado basin has. been proved; 
but even admitting the contrary, and taking as an analogous case the 
coal of Black Butte, over which the skeleton of a dinosaurian, Agathauma 
sylvestris, t has been found imbedded into leaves of Eocene plants, shall 
w~ for the reason of the presence of these Cretaceous remains, still more 

"'Dr. Newberry, in Journal of American Arts and Sciences, vol. vii, April, 1874, p. 403. 
t Cope, Second Bulletin of the United States Geological Survey. 
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important as characteristic than mollusk, admit the formation-as Creta
·ceous, and con~ider the plants as without bearing on the question~ I 
have last year spent some days at Black Butte and in the surrounding 
·country, and may here record the obser-vations which, related to this 
question, may not find their place elsewhere. 

The Saurian bed, as it is now called, is at the top of the ridge facing 
the depot, at a short distance, half a mile east from it. The debris 
taken out in digging the bones of the animal are still mixed with a 
quantity of fragments of these bones, and some of the specimens are 
remarkably interesting, bearing as they do, fragments of _bones on o_ne 
side and fossil leaves on the other. The bed is a kind of arenaceous 
-clay, mixed with ashes, and hardened to the consistence of brick by the 
combustion of the underlying beds of coal. It overlies, east of the 
station, three alternate ridges of whitish weathered sandstone of the 
thickness, taken altogether, of 96 feet, being 10 feet 8 inches above the 
upper ledge, which is a compact, w~ite, hard sandstone, 10 feet thick, 

- and is exposed and can be followed easily to the south for about a 
.quarter of a mile, where the main coal-bed of Black Butte is worked. 
At this place the section in descending order is : 

12. Fire-clay and shaly sandsto~e, 9 feet. · 
11. Yell ow sandstone, 6 feet. 
10. Shale and coal-brash, 1 foot. 
9. Shaly sandstone and p}ants, 12 feet. 
8. Coal, 3 to 5 feet. 
7. Fire-clay, 2 to 7 feet . 

. 6. Main coal, 5 to 7 feet. 
5. Fire-clay, 5 feet. 
4. Clay, capped with slaty sandstone, 5 feet 4 inches. 
3. Coal, 3 feet. 
2. Shale and clay, with oysters, 7 to 10 feet. 
1. White sandstone, 10 feet S inches. 

This sandstone, being the same .as the upper sandstone under the 
;Saurian bed, the former section shows the exact ·horizon where the 
bones have been found as within or above the lower 3-foot bed of coal 
No.3, separated by 10 feet of fire-clay from the main Black Butte coal. 
It is very probable that both coal-beds disjointed, at the locality of the 
-Saurian, by a mere clay p~rting, were destroyed by fire under the stra
tum of clay. Anyhow, I did not find in connection with the bones any 
species of plants differing specifically from those found in the sandstone 
·No.9 abovetheuppercoal. ThespecimensrepresentSabal, Viburnumdiclw
.tornurn, Ficus planicostattt; Myrica · Torreyi, Aleurites eocenica, Pal-iur~is 
zizyphoides, some_ stems, Oaulinites, and fragments of leaves of a Pla
ta.nus, whose middle part only is preserved, and which may be referable 
to P. Haydenii; the only kind of plant which was not recognized in the 
shale of the main coal. The case is clear: from all the fossil plants 
described from Black Butte none is referable to a Cretaceous species; 
they are all Tertiary, and force the admission made by Professor Cope 
in his review ( loc. cit., p. 16) that here a Tertiary flora is contemporaneous 
with a Cretaceous fauna. Now, t.his flora is typical for the compounds or the coal-strata, .and, of course, the coal-strata are ~ertiary. What 
shall be the name of this formation ; is it Cretaceous on account of the 
saurian bones, or is it Tertiary on account of the fossil plants in which 
the skeleton is entombed, and which are found of the same relation all 
<Over the Lignitic formations, and at some places, as at Golden, the 
Raton, &c., from its base to the upper strata, and which two have 
·entered into the composition of its essential strata, the Lignite~ No 
geologist, I think, will hesitate a mom:ent in pronouncing it, from its 
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land-character, a Tertiary formation, therefore giving the precedence to 
the fossil flora over the fossil fauna for the determination of the age of 
this formation. It is, then, evident that the fossil plants have some 
weight and must decide. 

7th. This brings me to the essential question which bas to be exam
ined in considering the relation of the age of the fossil plants of the 
Lower Lignite of the Rocky Mountains. 

Though the flora is evidently related to that of the Tertiary of Europe 
by a large number of its species, it is, however, difficult to point out with 
uncontestable evidence to what stage of this Tertiary the relation is the 
more intimate. To come to an understanding on this subject, we have 
to compare the American fossil species with those known as yet from 
the publications of European authors, and at once are met with a 
scarcity of materials, especially from the Lower Tertiary strata or the 
Eocene, to which, considering the position of the Lignitic, its flora should 
be especially related. The Tertiary of Europe seems to have been, as 
expressed by Dr. Ettinghausen in his Contributions to the Radoboj . 
Flora," a kind of universal vegetable repository, representing types of all 
the regions of the world; a seminarium, which hereafter dispersed its 
offsprings over the .whole surface of .the earth." This conclusion is not 
my own. I should only say that t.he . European Tertiary formations 
have been the recipient of species representing an heterogeneous vege
tation, type of multiple and local changes. But this matter is out of the 
subject; we have only to record the fact that, so mix€d in their facies 
are the floras of the Tertiary basins of the Old World that as yet no 
reliable delimitation has been established for the stages which they 
represent.'* . 

In considering the characters of our Lower Lignitic flora, a critic has 
asserted that its genera are all, as well as the species, without relation 
to Eocene vegetable types of Europe; quoting as a proof of his assertion 
the flora of Mount Bolca, and that of Shepey in England. This last 
flora is merely known by fruits whose .forms or species have been de
scribed and figured by Bowerbank, and which are heaped in prodigious 
quantity in the so-called London clay of England. This Eocene flora, 
however, cannot be taken for America any more than .it has been for 
Europe as a point of comparison, for it has no leaves, and its fruits, of 
various and uncertain affinity, have as yet not been found elsewhere in 
the Tertiary of Europe, except a few Nepadites, merely mentioned (not 
described yet) from the Eocene of Mount Bolca. These Shepey fruits, 
.as Heer remarks, are not characteris.tic of the formation, even say noth
ing in regard to the climate of the locality where they are found, as, from 
appearance, they have been floated down some river for a great distance, 
and are analogous to present deposits of this kind at the-mouth of the 
Ganges. The Eocene flora of the Isle of Wight, at Alumbay, is repre
sented by numerous leaves of Aralia, Daphnogene, Ficus, Zizyhus, Occsal
pinia, &c., which, according to Beer, have such a marked tropical and 
subtropical character that the fruits of Shepey may have been derived 
from . the plants of this locality. These Alum bay leaves, to quote the 
same authority, are similar to species of Mount Bolca ; three species are 
identified as the same, and three others are closely related. But also a 
number of them are Miocene; as, Quercus lonchitis j Laurus primi
genia _; Myrica ( Diandra) acutiloba ; Cassia phaseolites j or four . species, 

* Since writing this, the third and last volume of W. P. Schimper, Palontologie 
'Vegetale, has appeared. The author, considering the vegetable groups of the Tertiary, 
divides the formation in the five following stages: Paleocene, intermediate to the Cre
taceous and Tertiary ; Eocene, Oligocene, Miocene, and Pliocene. The relation of our Lig
nitic vegetation seems to be 'yith the Oligocene . . 
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and four other species, Laurus Forbesii, Daphnogene anglica, Quercus. 
Burmensis, and Juglans Laharpii, are related to J\iiocene species in: 
the same degree. From thiR, it seemR, the conclusion should be in 
favor of a more intimate relation of the flora of Alumbay, which is posi
tively recognized of Eocene age, with that of the European 1\Hocene than 
with that of Mount Bolca; for it has only six species identical or in 
relation with the Mount Bolca flora, while it has eight, bearing the same 
degree of relation to the Miocene. Some of · the species of the North 
American Lignitic are identical with or clm~ely related to those named 
by Heer. Quercus furcinervis is probabl,y identical with Q. Burmensis; for,, 
in many of the numerous American specimens of this species, the absence 
of an upper branch of the lateral veins, which, according to Heer, is· 
the essential character which separates these two species, is positively 
remarked. Daphnogene anglica, is as positively identified as it can be from 
the short description given by Heer, it being different from D. melasto
'lnacea by the symmetrical form of the leaves and the branching of the
lateral nerves. Heer says that the middle nerve is also branching. In 
our specimens it is simple; in Unger's species neither the lateral nor 
the middle vein branches. Though these species re-appear in some forms 
of the Miocene of Europe, they should be considered, I think, rather as 
Eocene than as Miocene types. 

The Mount Bolca flora is represented by a large number of specimens 
of leaves and fruits disseminated in the numerous museums of Italy. 
Until now few of the species which they represent have been satisfac
torily described. The little which is known of this flora is from th~ 
table of families furnished to Professor Heer by Professor J\fassalongo, 
and published with remarks in Fl. Tert. Helv., (vol. iii, p. 275.) This 
table bas 53 groups of plants, among which the more numerously repre
sented are: Algce, 48 species; Podocapece, 5; Palms, 7; Proteacere, 5 ; Erica
cece, 10; Bterculiw, 10; Buttneriacem, 14; Myrtacece, 8, &c. ; and among the 
species the most abundant, Eucalyptus Italica, MaS'S. ; Eugenia lau'rifolia, 
Mass. ; Guayacites Heerii, J\fass. ; Zanthoxylum ambiguunz, U. ; Ficus Bol
censi.s, Mass., which Heer says is similar to F. 1nultinervis of tbe J\fiocene; 
Santalurn memecyloides, Mass. ; Aralia primigena, de la H. ; in all ten 
species not described but briefly remarked upon by Heer. From the 
characters of the Mount Bolca flora as indicated in this exposition of 
Heer, it does not appear, indeed, that our Lower Lignitic flora has any 
marked relation to it; but the scantiness of materials, together with 
the uncertainty of the characters of a number of species na]])ed by 
1\fassalongo, renders a comparis'on impossible. Heer himself, in his ex
position, remarks on this insufficiency of reliable characters. He, for 
example, counts only four species of Mount Bolca as represented in the 
Miocene of Europe, and a few more as closely related to l\iiocene species. 
He mentions among those ascending to the J\Iolass of Switzerland, 
Banlcsia longifolia and Dryandra Veronensis, two species which have 
close relation with species of our Upper Miocene, the Green River group, 
rather than with species of the Lower Lignitic. Since Beer's short review 
of the Mount Bolca flora was published, in 1859, paleontology bas not 
received any more precise information in regard to its characters. 
Schimper, in his Vegetable Paleontology, 1873, mentions only from this 
locality, besides 21 species of marine plants or fucoids, Oyperites Bol
censis, Mass., considered or described formerly by the same author as a 
Flabellaria; Halochloris cymodoceoides, Ung., also found at Soltzka; Pota_
rnogeton tritonis, U., and P. nayadurn, U. ; Typha spadm, lVIass:, a species 
whicltSchimper supposes to be made from the leaves of some Oyperacew; 
five forms of Oastallince, fruits comparable to the Nepadites of the Lon
don clay, representing probably a single species; .LcttanUes parvu,lus,_ 
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Mass., a palm; Lomatia Bolcensis, U.; L. latior, Heet, of which a small 
broken part is figured in the· Baltic Flora, and to which one of the most 
abundant species of Black Butte Myrica Torreyi, Lesqx., so much resem
bles by its peculiar nervation and by the form of the leaves that , l;let~ 
ter specimens only of the European plants can 'decide between positive 
identity or a very close relation; Myrica Meneghini, U.: of a type repre- · 
sen ted with us in the Upper Tertiary of South Park; and Daphnogene 
Veronensis, Mass., which Schimper compares to Oinnarnomum Scheuch
ze'l"i. This is all that is positively known of the :flora of :Mount Bolca. 
It is impossible to consider it as a kind of typical flora of the Eocene of 
Europe, and to assert that if we cannot point out any of our Lignitic 
species as identical with this flora, it is for that reason deprived of the 
character of the Eocene vegetation. . 

France has in the deposits of the old Travertins of Sezane a number 
of species whose types seem to be intermediate between the Cretaceous 
species and those of the Upper Eocene. This flora iR . known by the 
admirable work of ·count Saporta,* who describes in it a Sassafras 
comparable to S. M~tdgii, and leaves of Magnolia,, related to M. alternans 
and M. capellini, three species described from the Dakota group. A 
number of forms of this Lower Eocene flora are also related to the Ter
tiary species of Europe, especially to those of the Mount Prom ina flora; 
and with our Lignitic flora it has closely allied two of the more charac
teristic and more abundant species of Black Butte, Sterculia variabilis, 
Sap., distinguishable only from Ficus pla.nicostata by the unequal lateral 
base of the European leaves, and the beautiful Viburnum giganteum, 
relat~d, by its size and ·nervation, to V. marginatum. · B,.esides this, it 
has Asplenium subcretaceum, Sap., intimately related to the species which 
I have described as Sphenopteris eocenica, most abundant at Golden; 
Oissus primceva to 0. lobato-crenata, also abundant at Black Butte and in 
the Colorado Lignitic basin, Mount Brosse, &c.; Oon~us platiphylla, re
lated to 0. impressa. These all show affinity indeed to a flora SQ posi
tively marked as Lower Eocene, that some of its types are still Cre-
taceous. . 

I have admitted, as indication of the Eocene age of our Lignitic flora, 
the great abundance of fucoidal remains, or of marine plants, in the 
underlying sandstone of the Lignitic, a character remarked in the sand
stone of Mount Bolca, and also of the Flysh of Switzerland. One of the 
few species which I have as yet been able to describe, from the difficulty 
of obtaining specimens, Halimenites minor, is known from this last for
mation. Besides this, a comparatively large number of species of ferns, 
some of them identical with species of Promina: Gvniopteris polypodioides, 
Ett., and Sphenopteris eocenica, or with that of Boernstad t: Diplazium 
Muelle)·i; then a great proportion of remains of palms, referable to as 
many species as have been described from Europe at least, some of them 
identical with species of Promina, Boernstadt, Haring, representing, like 
Flabellaric(; latania, F. longirachis, F. Z~nlceni, some of the more ancient 
forms of palms recognized in the Ctenzoic times. The remarkable prepon
derance of palm remains bas been mentioned from all the stations of the 
Lower I .. ignitic where fossil plants have been discovered: Vancouver, Fort 
Union, Black Butte, Golden, Sand Creek, Gehrung's, Canon City, Raton 
1t1ountains, Placiere, the l\1ississippi, &c. They have given to the vege
tation of the epoch a subtropical character, marked still ·by anum ber of 
species of Ficus of the broad-leaved and palmately-three-nerved group, 
most of them new species, and none of the typeofthelanceolate-piJlilately
nerved leaves like Pimts lanceolata, F. rnultinervis, &c.1 which, with us 

j(o Prodrome d'une :fiore ~ossile des Travertins,anciens de Sezane, (1868.) 
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at least, represent types of the Upper l\iiocene only. .Among species of 
the other genera of Eocene type, the Lignitic flora has still Myrica Torreyi 
of Black Butte, possibly identical, as seen above, with a Lomatia of Mount 
Bolca; three species of Platanus : P. Haydenii, P. Raynoldsi, P. rhom
boides, without any affinity with any of the Creta~eous or of the Miocene 
species known as yet ; Artocarpi&ium olmediccfoliurn, U., described by 
the author from Sotzka; a fine new species of Pisonia, P. racenwsa, 
allied toP. eocenica, Ett., of Haring, as well by the seed (or unopened 
buds) as by the leaves; Daphnogene a-nglica (?),which has been remarked 
upon as found at .Alum bay; two species of Nel~tmbium, related to N. 
Buchi, Ett., of Prornina; Eucalyptus Hiiringiana, of Haring; Dombey
opsis grandifolia, U., of Sotzka; a number of species of Rhamnus of a 
peculiar type, comparable, by the form of the leaves and the nervation, 
to tropical species of . Bridelia. . These can be , considered as already 
giving to the flora of the Liguitic, in comparing it to that of Europe, an ' 

• Eocene facies. 
But we have in .America a more reliable point of comparison, still 

f~rcing the conclusion that if even the Lignitic flora of the Rocky Mount
ains had no relation whatever to that of Europe, it should, notwith
standing, be considered as Eocene. I allude to the flora of the 1\tlissis
sippi, described from very good specimens obtained from such a lower 
stratum in the Tertiary that its reference to this formation rather than 
to the Cretaceous. was for a long time uncertain. In the Geological Re~ 
port of the State of Mississippi, Prof. Eug. V. Hilgard has given (p. 108) 
a section of the general distribution of the strata in the geological for
mations of the State, marking .the place of the Lignitic of the Missis
sippi State and of the formations where his fossil plants were found as 
underlying the Vicksburgh and Clayborne beds, which form the upper 
stage of the American Eocene, the Lignitic representing the lower one. 
The correlation of the Mississippi fossil flora with that of Golden and 
of Black Butte is evident enough. Of the Mississippi · plants, the fol
lowing have been recognized in the Western Lignitic: Sabal Grayana, 
Vancouver; Populus rnonodon, Raton Mountain~;; P. mutabilis, Black 
Butte, Raton Mountains, Vancouver; Quercus chlorophylla, Golden; 
Quercus crassinervis, Vancouver; Fimts Schimperi, intimately related to 
F. platinervis, as widely Y:epresented at Black Butte, Golden, &c., as the 
former is in the South ; Laurus pedata, Raton Mountains; Cinnanwmunt 
Mississippiense, one of the most prevalent species of the Western Lig· 
nitic; Magnolia Hilgardiana, Raton l\1ountains ; M. Lesleyana, Raton 
and Golden. This, without mentioning a number of closely-allied spe
cies and the identity of genera, gives to both the floras of the l\1ississippi 
and of the Western Lignitic formation a general character which can but 
be recognized as identical. 

After all this, we remark in our Eocene flora some characters which 
may be called negative, namely, the absence of certain groups of plants 
represented either in the Cretaceo11;s or in the upper groups of the 
Tertiary. No species has been discovered in the Lignitic which had 
been described from the Dakota group. This is the more remarkable 
that some peculiar types of this ·group, like Li1·iodendron, Sassafras, 
&c., re-appear above the Lignitic in the Evanston or second group, 
and in still greater numbers in more recent Tertiary divisions; and 
that even one of its rare species, Cinnarnomum, Scheuchzeri, is also 
absent until now, at least in the lower group, and present in · the 
same se.cond group and above. Heer remarks, in considering the fossil 
flora of Mount Bolca, the absence of representatives of a number of 
genera or families which take an important place in the Mioc~ne, thus: 
Salicinem, Acerinem, Oupulifercc, Betulacem, Vlmacem, Abietinem, &c. 
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The absence of these types is as remarkable in the Lignitic flora 
as in the Eocene of J\i ount Bolca. While the upper group of our 
Tertiary abounds with conifers, :Abietinem, 11 species in St, the 
Lower Lignitic has only two, one as · yet of uncertain affinity, 
A.bietites dubius, and t wo species of Salisburia, in nearly 200 species; 
of the Salicinem it has• only three species, two of which, Salix tabellaris 
and S. densinervis; both described from the Mississippi Eocene, are un
certain, the last, perhaps, an Acacia. It has also . no species of .Acer, 
none of Betula, Alnus, Carpinus, Gorylus, &c. ; no species of Ulmus, 
except one doubtful, with entire borders; for it is, indeed, the absence 
of leaves with dentate or serrate borders which is the more remarkable 
character of this grogp as well as of the Cretaceous; Quercus furci
nervis and Q . . saffordi, (perhaps a Myrica,) make with the Viburnum 
maginat·um and its related species an exception, which is also remarked 
in the Cretaceous types Q. primordialis and some peculiar leaves with 
equal teeth turned outside and separated by obtuse sinuses, just of the 
same form as in this Viburnum of the Eocene. It is not to be denied, 
as seen in the comparative table, that a number of species of our Low(3r 
Lignitic are found in the two following gr.oups of Evanston, Carbon, and 
even a few in the Green River group. But we have seen the same in 
the Eocene, even the Lower Eocene flora of Europe, and cannot from this 
reason admit that our Lower J.:Jigilitic flora is not Eocene, because some of 
its types have passed up to the other groups of the Tertiary. 

§ 2.-DISTRIBUTION OF THE FOSSIL PLANTS IN THE DIFFER
ENT GROUPS OF THE TERTIARY. 

The succession of the strata of the Lower Lignitic in relation to the dis
tribution of the coal strata and to that of the fossil plants which character
ize the formatiop. is not positively known. The section at the Raton 
Mountains near Trinidad records an alternation of sandstone, ·shale, clay
beds, &c., 300 feet thick, with five beds of lignite, measuring altogether 
11 feet 6 inches. Here the fossil plants are found in sandy shale at the 
base of No.6 or in the upper part of No.7 (Report for 1872, p. 319) in 
the middle of the section. At Canon City, as indicated by Mr. Clark's 
section, (loc. cit., p. 323,) the main coal 2 feet 2 inches is overlaid by 
shale, clay or thin coal, and a sandstone, over which, in No.15, are found 
leaves of Sabal and of Platanus Haydenii, about 70 feet above the coal. 
At Gehrung's coal, near Colorado City, a shale. bearing an abundance of 
Sabal leaves, Ficus, Platanus Haydenii, and Rhamnus, is also from 60 to 
75 feet ·above the coal opened near by at the base of a compact sandstone. 
From Marshall a detailed section has been published by Dr. Hayden 
in his Report for 1869, (second edition, p. 129,) placing the strata bearing 
fossil plants at No. 22, about in the middle of the section, 200 feet higher 
than the lower main coal, and about 260 feet from the top. As far as 
I know, and from the explorations of others as well as from my own, no 
other strata .bearing identifiable plants have been remarked in this sec
tion. 

At Erie, the coal 8 to 9 feet is worked near the surface; its soft sandy 
shale is profusely mixed with remains of plants, which, to my regret, could 
not be examined sufficiently. They represent a few species of the Lower Lig
nitic of Golden, and also someremarkable vegetable fragments represent
ing species not found elsewhere. As t.he underlying strata are not known, 
the position of this coal in the Lower Tertiary q1~asures could not be ascer
tained. At Black Butte, the main coal, overlaid by soft sbaly sandstone, 
with fossil plants in abundance, a stratum which, as remarked before, 
is the equivalent of t.he Saurian bed, is here apparently at the upper part 



LESQUEREUX.) PALEONTOLOGY-LIGNITIC FLORA, ETC. 37_9 

of a section of 1,000 feet of measures of the productive lignit,ic.* In going 
west toward Point of Rocks. in a contrary direction to the dip of the 
strata, the Hall well coal~ a workable' bed, and other Lignitic beds of unim
portant thickness, are passed until reaching the abrupt terminus of the 
ridge near Saltwell. No remains of fossil plants were found in connection 
with any of these coal-strata. From Hallwell to Rock Springs, the dip 
of the measures is to the west until the upper strata of Lignitic are 
reached. Near this last place, a bed of coal 4 feet thj ck is passed, 
two miles before reaching the station, and here the main coal, 100 
feet higher, is worked 6 to 9 feet thick. I was not able to discover any 
fos,sil plants in the whole thickness of the measures, and at Rock Springs 
the coal, whicli is evidently one of the highsst of this group, has 
not any other plants but the fucoidal Halimenites. Its shale, however, 
is mixed with a profusion of shells. Considering this, it would ap
pear that the upper beds of the Eocene Lignitic are, in Wyoming, there
positories of fossil plants. At Golden we have perhaps the best 
evidence concerning the distribution of the fossil plants in relation to ' 
Lignitic strata. The lowest strata of coal, in close proximity to the Cre
taceous, and tilted up to the perpendicular, are interlaid by beds of white 
hard sandstone, which all, three of them at least in succession, hav~ 
identifiable remains of fossil plants. · The lowest sandstone has espe
cially some species of Fucoids, among which the fine Delesseria fulva, to
gether with a quantity of Sabal, Rhamnu,s Goldianus, Platanus Haydenii, 
Quercus angustiloba, &c. Under the basaltic deposits; which cover the 
Lignitic on the eastern side of the valley, half a mile distant from the Lig
nitic beds, the fossil strata bearing plants are horizontal; at some places 
composed of soft white clay, as east of Golden, on the slopes of N_orth 
Table Mountains; at others, of shaly sandstone, as northeast of the 
School of .Mines, on South Table Mountains. These deposits ~re all 
abQut at the same altitude of 300 feet above Clear Creek, 60 to 100 feet 
lower than the base of the lava-beds. They all contain notonly the same 

. types but mostly the same species of fossil plants as the sandstone, inter
lying the Lignitic beds in proximity to the Cretaceous. It therefore 
appears from this that the flora of the Lower Lignitic bas the same char
acters in the w bole thickness of the measures. There may be, of course, 
some difference in the species, or a predominance of some kinds at a 
higher or lower station, but the difference bas not been yet remar~ed. 

LIST OF THE SPECIES OF THE FIRST GROUP. 

[Abbreviations for names of localities, &c.: R., Raton Mountains; P., Placiere ; G., 
Golden; M., Marshall's; S. Cr., Sand Creek; B. B., Black Butte; Y. St., Yellow Stone; 
Miss., Mississippi; ¥.,Vancouver; Mo., Miocene; Gr., Group.] • 
Spheria lapidea, Lesqx.-R. 
S. myricre, Lesqx.-B. B. 
Sclerotium rubellum, Lesqx.-G. 
Opegrapha antiqua, Lesqx.-B. B . 
. Chondrites subsimplex, Lesqx.-R. 
C. bulbosus, Lesqx.-R. 
Delesseria fulva, Lesqx.-G. 
D. incrassata, Lesqx.-R. 
D. lingulata, Lesqx.-R. 
Halymenites stri.atus, Lesqx.-G., R. 
H. major, ·Lesqx . .,.,....G., R., B~ B., (Gr. 2, 3.) 

*Professor Meek estimates it to at least double this thickness, and considers the lower 
unproductive strata of this formation as Cretaceous. No evidence is afforded on this 
subject by vegetable remains. 
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H. minor, F. Os.-G. 
Woodwardia latiloba, sp. nov.-G-. 
W. latiloba, var. minor.-B. B. 
Ptei'is pennmformis, H.-G., 1\io. 
P. anceps, Lesqx.-G. 
P. affinis, sp. nov.-G. , 
P. erosa, Lesqx.-R. G. (Gr. 4;) 
P. subsimplex, sp. nov.-G. 
P. Gardneri, sp. nov.-S. Cr. 
Diplazium Muelleri, Heer.-G . 
.Aspidium goldianum, sp. nov.-G. 
Goniopteris polypodioides, Ett.-S. Cr. 
Sphenopteris eocenica, Ett.-G. 
S. membranacea, sp. nov.-G. 
S. nigricans, sp. nov.-B. B. 
Hymenophyllum confusum, sp. nov.-G. 
Gymnogramma Haydenii, Lesq~.-R., (Gr. 2.) 
Lygodium compactum, Lesqx.-Miss . . 
Selaginella Berthoudi, sp. nov.-G. 
:E1quisetum lmvig~tum, sp. nov.-S. Cr. 
Sequoia Langsdorfi, A. B.,-B. B. V.-Mo.; (Gr. 4.) 
Abietites dubius, Lesqx.-R., G., (Gr. 2.) 
Salisburia binervata, Lesqx.-1\iiss. 
S. polymorpha, Lesqx.-V. (Gr. 2.) 
Arundo Goepperti, A. Br.-R.-Mo. 
Phragmites mningensis-, A. Br.-R., G., M., B. B.-Mo., (Gr. 2, 3, 4.) 
Carex Berthoudi, Lesqx.-G. 
Smilax grandifolia, U.-G.-Mo., (Gr. 3.) 
S. obtusangula, Heer.-B. B. 
Sabal Grayana, Lesqx.-V., Miss. 
S. Campbellii, Ny.-R., G., B. B., &c. 
S. Goldiana, sp. nov.-G. 
S. major, U.-G. 
Flabellaria zinkeni, Heer.-G. 
F. latania, St.-Q-. . 
F. eocenica, Lesqx.-B. B. 
F. longirachis, U.-R., Y. St. 
F. fructifera, sp. nov.-G. 
Calamopsis Danai, Lesqx.-Miss. 
Palmacites, species.-G. 
Caulinites sparganioides, Lesqx.-B. B., (Gr. 2 anc1 .3.) 
C. fecunda, Lesqx.-1\i. 
Eriocaulon porosum, sp. nov.-S. Cr. 
Zingiberites unclulatus, sp. nov.-G. 
Rhizocaulon gracile, sp. nov.-B. B. 
Populus attenuata, Goepp.-G .. , B. B.-Mo., (Gr. 3.) 
P. monodon, Lesqx.-Miss., R . 

. P. mutabilis, A. Br.-B. B., Miss., R., v.~Mo., (Gr. 2 and 3 in var.) 
P. balsamoides, Goepp.-P.-Mo., (Gr. ~.f 
P. leucophylla, U.-B. B.-Mo., (Gr .. 2.t 
P. heliadum, U.- G.-Mo. · 
Salix integra, A. Br.-G., B. B.-Mo. 
S. tabellaris, Lesqx.-Miss. 
S. (~) densinervis, Lesqx.-Miss. 
Myrica Torreyi, Lesqx.-B. B .. 
M. Torreyi, var. minor.-S. Cr. 
Betula gracilis, sp. nov.-G. 
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· Ulmus irregularis, Lesqx.-R., G. 
Celtis brevifolia, Lesqx.-1\iiss. 
Quercus angustiloba, A. Br.-G. · 
Q. Moorii, Lesqx.-Miss. 
Q. plati:tiervis, Lesqx.-V. 
Q. Lyelii, Heer.-1\'liss,-!.Mo. 
Q. retracta, Lesqx.-Miss. 
Q .. chlorophylla, U.-G., Miss.-1\Io., (Gr. 2.) 
Q. triangularis, Goepp.-G.-Mo. 
Q. stramineus, Lesqx.-G. 
Q. Wyomingiana, Lesqx.-B. B. 
Q. furcinervis, Rossm.-Oregon, G.-Mo. 
Q. Goldianus, sp. nov.-G. 
Q. Saffordi, Lesqx.-Miss. 
Q. crassinervis, U.-Tenn., V~ 
Q. multinervis, Lesqx.-V. 
Q. Benzoin, Lesqx.-Y. 
Q. myrtifolia(~), W.-Miss. 
Q. attenuata, Goepp.-S. Cr. 
Q. Cleburni, sp. nov.-B. B. 
Fagus ferouire, U.-G.--:-1\Io., (Gr. 4.) 
Ficus Schimperi, I .. esqx.-lVliss. 
F. cinnamomoides. Lesqx.-Miss. . 
F. tilirefolia, AI. Br.-P., B. B., S. Cr., G., &c.-Mo., (Gr. 2 and 3.) 
}1.,, planicostata, Lesqx.-B. B. 
F. planicostata, var. latifolia,....;_B, B., M. 
F. planicostata, var. Goldiana-G., S. Cr. 
F. Clintoni, Lesqx.-B. B. · 
F. asarifolia. Ett.-G.-Mo. 
F. zizyphoides, sp. nov.-G. 
F. spectabilis, Lesqx.-G. 
F. auriculata, Lesqx.-G., (Gr. 2.) 
F. truncata, sp. nov.-G. 
F. corylifolia, Lesqx.-B. B. 
F. ulmifolia, Lesqx.-R. 
F. Haydenii, Lesqx.-B. B. 
Platanus Raynoldsii, Ny.-B. B. 
P. Haydenii, Ny.-G., R. 
P. rhomboidea. sp. nov.-G. 
P. Guillelmre(~), Goepp.-B. B.(¥), R.-Mo., (Gr. 3.) 
Artocarpidium olmedirefolium, U.-G.-1\fo. 
Pisonia racemosa, sp. nov.-B. B. 
Laurus pedata, Lesqx.-R., Miss. 
L. colombi, Heer.-V. 
Persea Iancifolia, Lesqx.-J\Hss. 
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Benzoin antiquum, Heer.-B. B., G.-Mo. 
Cinnamomum 1\Iississippiense, Lesqx.-Miss., R., P., G., M., (Gr.2 and_3.:)! 
C. Rossmressleri, Heer.-G.-Mo., (Gr. 2.) ·: 
U. Heerh, Lesqx.-V. 
Elreagnus inrequalis, Lesqx.-Miss. 
Ban ksia helvetica, Heer.-1\fiss.-1\fo. 
Andromeda Grayana, Heer.-R., V.-Mo., (Gr. 2.1 
A. dubia, Lesqx.-lVliss. 
A. vaccinirefolire affinis.-lVliss. 
Diospyros stenosepala, Heer.-Y. St.-Mo. 
D. bracbysepala, Heer.-S. Cr., B. B.-Mo. 
D. lancifolia, Lesqx.-V., (Gr. 2.) 

I 
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D. anceps, Heer.-B. B. 
Sapotocites americanus, Lesqx.-Miss. 
Viburnum marginatum, Lesqx.-B. B. 
V. Wymperi, Heer.-B. B.-1\io. 
V. contortum, Lesqx.-B. B. 
V. Lakesii, sp. nov.-G. 
V. dichotomum, Lesqx.-B. B., R. 
Cornus incompleta, Lesqx . ...,.-M. 
C. Studeri, Heer.-G.-Mo., (Gr. 2.) 
C. Holmesii, sp. nov., S. Cr. 
C. orbifera, Heer.-G.-Mo. 
Cissus lrevigata, Lesqx.-G. 
C. lobato-crenata, Lesqx.-B. B., (Gr. 2.) 
Vitis tricuspidata, Heer.-B. B.-Mo. . 
Nelumbium tenuifolium, sp. nov.-S. Cr. ) 
N. Lakesianum, sp. nov.-G. 
Magnolia Hilgardiana, Lesqx.-R., :Miss., (Gr. 2.) 
M. laurifolia, Lesqx.-Miss. 
1\i. Lesleyana, Lesqx.-G., Miss., R. 
M. ovalis, Lesqx.-Miss. 
M. cordifolia Lesqx.-Miss. 
M. Inglefieldi, Heer.-B. B.-Mo., (Gr. 3.) 
Terminalia radobojensis, U.-R.7 Mo. 
Asimina (~) leiocarpa, Lesqx.-Miss. 
Eucalyptus Hreringiana (~) Ett.~B. B.-Mo. 
McClintockia Lyallii (~) Heer.-B .. B.-Mo. 
Dombeiopsis trivialis, Lesqx.-G. 
D. occidentalis, Lesqx.-G. 
D. grandifolia (~), U~-G.-Mo. 
D. obtusa, Lesqx.-R. 
Acer (~) secreta, Lesqx.-R. 
Sapindus ·undulatus, Lesqx.--:-Miss. 
S. caudatus, Lesqx.-G., B. B. 
Aleurites eocenica, Lesqx.-B. B. 
ZizyJ>hus distortus, sp. nov.-G. 
Paliurus zizyphoides, Lesqx.-B. B., M. 
Ceanothus fibrillosus, Lesqx.-G., B. B. 
Berchemia parvifolia, Lesqx.-G., R~ 
Rhamnus marginatus, Lesqx.-1\iiss. 
R. obovatus, Lesqx.-G., R., M., (Gr. 2.) 
R. deletus, Heer.-R.-1\Io. 
R. Fischeri, Le8qx.-R. 
R. salicifolius, Lesqx.-M., G., B. B. . 
R. rectinervis, Heer . ..:.....B. B., G., M.-Mo., (Gr. 2.) 
R. Dechenii, Web.-:-B. B.-Mo. 
R. acuminatifolius, W.-G.-Mo. 
·R. Goldianus, Lesqx.-G. 

• R. Goldianus, var~ latior.-G. 
R. Cleburni, Lesqx.-G., B. B. 
R. discolor, Lesqx.-B. B. 
R. inrequalis, sp. nov.-Q. 
R. alaternoides Heer.-G.-Mo~ 
R. Meriani, Heer.-B. B.-1\io. 
Xanthoxylon. dubium, Lesqx.-R. 
Juglans appressa, Lesqx.-Miss., (Gr. 2.) 
J. Sa:ffordiana, Lesqx.-1\Iiss. · • 
J. rugosa, Lesqx.-M., G., B. B., (Gr. 2 and 3.) 

• 
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J. Smithsonian a,' Lesqx.-R., G. 
J. Schimperi, Lesqx.-G., M., (Gr. 4.) 
J. rhamnoides, Lesqx.-G., B. B., (Gr. 2.) 
J. Baltica (~) Heer.-B. B.-lVIo. 
Cercis eocenica, Lesqx.-M. 
Phyllites truncatus, Lesqx.-1VIiss. 
P. Mahonireformis, Heer.-V. 
Carpolithes palmarum, Lesqx.-B. B., G., l{., (Gr. 2.) 
C. falcatus, Lesqx.-B. B. · 
C. spiralis, I..~esqx.-P. 
C. compositus, Lesqx.-P. 
C. Mexicanus, Lesqx.-P. 

RE]}>I.A.RKS ON THE SPECIES OF THE FIRST GROUP. 
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In looking for the species which characterize essentially this group, 
and may be considered as leading species of the Lower Lignitic, we have 
first to eliminate those which, as omnipresent Tertiary species, are about 
equally distributed in at least three stages of the Tertiary measures. 
They are considered as typical for the whole epooh, but cannot be 
taken as characteristic of any of its subdivisions, no more in this 
country than in Europe, where they have the same general distribution. 
Among them we count: Sequoia Langsdorji, Phragmites (Eningensis, . 
.Arundo Grepperti, Plata,nus Guillelmm, Ficus tilimjolia, Oinnammn.um 
Scheuchzeri, Rhamnus rectinervis, Juglans · rugosa and .the closely allied 
Jtttglans acuminata. Oinnammnun Scheuchzeri has not been yet discovered 
in the Lower LignHic, but has been recently found in the Cretaceous 
strata of the Dakota group. Of ·the species as yet known only from 
American specimens, the ones more generally recognized at different 
localities of the Eocene Lignitic, are: All the fucoidal or marine remains 
of plants, especially Halimenites major; and in the other classes: .Abie
tites dubius, most of the species of Sabal and Flabellar·ia, especially 
S. Oampbellii, S. Grayana; Caulinites sparganioides, Populus monodon, 
Myrica Torreyi, Quermts crassinervis, Ficus planicostata and its varieties, 
Ficus auriculata., Platanus Haydenii, P. Raynoldsi, Laurus pedata, 
Cinnamomum Mississippiense, Viburnum marginattttm, V. dichotomum, 
Cissus lobato-crenata, Magnolia Hilgardiana, M: Lesleyana, Sapindus 
caudatus, Paliurus zizyphoides, Oeanothus jibrillosus, Rhamnus obovatus, 
R. salicifolius, R. Goldianus, R. Oleburni, Juglans Smithsoniana, and J. 
Rhamnoides. To this list, already numerous, we have to add the 
European species of the Lower Tertiary, recognized in the same circum
stances as the former, Flabellaria latania, F. longirachis, Quercus chloro
phylla, Q. angustiloba, and those which ;have been alrettdy compared to 
Eocene species of Europe, and found identical and closely allied to them. 
These, however, have a less extensive distribution than those mentioned 
above, not only considering the horizontal but also the vertical distribu
tion. None of them has been seen at a higher stage of the American 
Tertiary, while of the others, Halimenites major, Oaulinites Spar
ganioides, Oinnamomum Mississippiense, Oissus lobato-m·enata, Magnolia 
Hilgardiand, Rhamnus obovatus, ascend up to the second group. Even 
the four first species named above have representatives in the third 
division of the Tertiary. . 

In considering the species of the whole list in regard to their vertical 
distribution, we find 25 species, or 13 per cent., represented in both 
groups 1 and 2; 11 species, or 6 per cent., ascend to group 3, and 
only 5, or 2~ per cent., to the upper division. Of these, Pteris pen
nmjormis, ·Fag'l,(;s feronire, and Juglans Schimperi have not as yet been 
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found in the intermediate groups. I have placed in the table of the first 
group the species of fossil plants described from the Lower Mississippi 
'rertiary, in order to show their relation to species of theW csternLignitic, 
a relation which .bas been remarked already. For the same reason, the 
species of Vancouver, described from the specimens of Dr. Evans, are 
placed in the table, indica.ting, with the flora of t~e.lower group, a rela
tion as evident as that of the Mississippi flora by Sequoia Langsdorfi, one 
of the uni versa! Tertiar~y species ; Salisburia polyrn.orpha, recognized at 
Spring Canon or of the ~econd group; 1'Jabal Grayana, of Mississippi t 
Populus mutabilis, Quercus crassinervis, described from Mississippi speci
mens in the Geological Report of Tennessee;* Quercus platinervis, t whose 
nervation is similar to that of Ficus JJlanicostata. Laur'ltS Oolombi is 
described by Heer in his flora of Vancouver, together with Sequoid 
Langsdorfi, Andromeda Grayana, arid Diospyros lancifolia. These two 
last species, however, are from Buzzard Inlet, and are probably refer
able to an upper stage of the Eocene, as they ascend to the second group 
in our Western Lignitic measures. The little known, therefore, of . the 
Vancouver flora refers it to this lower stage of the Tertiary. 

LIS'l' OF THE SPECIES OF THE. SECOND GROUP,' 

[Names of localities and abrevi::ttions: E., Evanston; Sp. C., Spring~ Canon, near· 
Fort Ellis; 'l'r . . Cr., Troublesome Creek; Mt. Br., Mount Brosse; E. Cr., Elk Creek; 
Y. S. L., southern borders of Yellowstone Lake; B. B., Bellingham Bay; Mo., Miocene; 
Gr. Gro~p.] 

Halymenites major, Lesqx.-E., (Gr. 1 and 3.) 
Gymnogramma Haydenii, Lesqx.-Sp. C., (Gr. 1.) 
Equisetum (!) limosum (~ ) Lesqx.,-Y. S. L. 
Abietites dubius, Lesqx.-Sp. C., (Gr. 1.) 
Abies setigera, Lesqx.-Sp. C. 

· Salisbnria polymorpha, Lesqx.-Sp. C., (Gr 1.) 
Phragmites <:Eningensis, A. Br.-E.-Mo., (Gr. 1, 3, 4.) 
P. Alaskana, Heer.-Sp. C.-Mo. 
Cyperites angustior, A. Br.-E. Cr.-Mo. 
Cyperus chavannesis, Beer-E.-Mo. . 
CauHnites Sparganioides, Lesqx:-Sp. C., (Gr. 1.) 
Populus arctica, Heer:-E., Tr. Cr.-Mo., (Gr. 3.) 
P. mutabilis, var. lancifolia, H.-Sp. C.-Mo., (Gr. 1 and 3.) 
P. mutabilis, var. repando-crenata, H.-E., Sp. C.-Mo., (Gr. 1 and 3.) 
P. balsamoides, Gp.-Y. S. L.-Mo., (Gr. 1.) . 
P. leucophylla, U.-Sp. C.-1\fo., (Gr. 1.) 
P. ovalis (~), Gp.-E.-Mo. 
P. Zaddachi, Heer.--Sp. C.-Mo. 
Salix Grrenlandica, Heer.-Sp. C.-1\fo. 
S. Evanstoniana, Lesqx.-E. 
S. angusta, .A. Br.-Sp. C.-Mo., (Gr. 4.) 
S .. Islandica, Lesqx.-B. B. 
Myrica ambigua; Lesqx.-Sp. C. 
Alnus Kefersteinii, Gp.-E., Sp. C.-Mo., (Gr. 3.) 
Planera dubia, Lesqx.-B. B. 
Betula caudata, Gp.-E.-Mo. 
B. Stevensoni, Lesqx.-E., (Gr. 3.) · . 
Quercus platania, Heer.-Sp. C.-Mo., (Gr. 3.) · 
Q. negundoides, Lesqx.-E. 
Q. drymeja, U.-E.-Mo. 

• Geology of Tennessee, by James M. Safford, (1869,) p. 427, Pl. K, Fig.l. 
tNo specimens of this species are entire enough to show any pa~ of·the borders. 
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Q. Gaudini, Lesqx.-B. B. 
Q. Ellisiana, Lesqx.-Sp. C. 
Q. Pealei, Lesqx.-Sp. C. 
Q. Godeti, Heer.-Sp. C.-Mo. 
Q. Laharpi, Gd.-Sp. 0.-Mo. 
Q. chlorophylla, U.-Sp. O.~Mo., (Gr.1.) 
Q. Evansii, Lesqx.-B. B. 
Corylus McQuarryi, Heer.-E., Sp. C.-Mo., (Gr. 3.) 
Fagus Deucalionis, U.-E.-Mo., (Gr. 3.) 
F. Antipofi, Heer.-E. Cr.-Mo., (Gr. 3.) 
Ficus tilirefolia, A. Br.-Sp. C., E.-Mo., (Gr. 1 and 3.) 
Ficus Gaudini, Lesqx.-E. 
F. auriculata, Lesqx.-Sp. C., (Gr. 1.) 

• Morus affinis, Lesqx.-E. 
Platanus nobilis, Ny.-E. Cr., E. 
P. dubia, sp. nov.-Tr. Cr., Mt. Br. 
P. aceroides, U.-E., Sp. 0.-Mo., (Gr. 3.) 
Laurus primigenia, U.-Sp. C. 
L. sessiliflora, sp. nov.-E. 
Persea Brossiana, sp. nov.-Mt. Br. 
Sassafras, species.-Sp. C. 
Ciunamornum Mississippiense, Lesqx.-E., (Gr. 1 and 3.) 
C. Scheuchzeri, Heer.-E., Sp. C.-1\io., (G. 4.) 
C. crassipes, Lesqx.-B. B. 
Cinnamomum Rossmressleri, Heer.-Sp.' C.-Mo., (Gr. 1.) 
Andromeda Grayana, Heer.-E., Sp. C.-Mo., (Gr. 1.) 
A. reticulata, Ett.-Sp. C. 
Persoonia oviformis, Lesqx.-B. B. 
Dim;;piros lancifolia, Lesqx.-E., B. B., (Gr. 1.) 
Fraxinus denticulata, Beer.-Sp. C.-Mo. 
Cornus impressa, sp. nov.-Mt. Br. 
0. Studeri, Heer.-E.-Mo., (Gr. 1.) 
Nyssa Ianceolata, Lesqx.-Sp. 0. 
Oissus lobato-crenata, Lesqx.-Mt. Br., (Gr. 1.) 
Vitis Olriki, Heer.-E.-Mo. 
Liriodendron species.-Sp. 0. 
:Magnolia Hilgardiana, Lesqx.-E., (Gr. 1.) 
.Acer trilobatum, A. Br.-E., Tr. Or., B. B.-Mo., (Gr. 3.) 
Rhamnus obovatus, Lesqx.-E., (Gr. 1.) 
R. acumiuatifolius, Web.-Sp. 0.-Mo. 
R. rectinervis, Heer.-E., Sp. C., (Gr. 1.) 
Rhus deleta, Heer.-E.-Mo. 
R. Evansii, Lesqx.-E. 
R. bella(~), Heer.-Sp. C.-Mo. 
Juglans denticulata, Heer.-Sp. 0.-Mo., (Gr. 3 and 4.) 
J. appressa, .Lesqx.-E., (Gr. 1.) 
J. rugosa, Lesqx.-Sp. C., E., E. Cr., &c., (Gr. 1 and 3.) 
J. obtusifolia, Heer.-E.-Mo. 
J. rhamnoides, Lesqx.-E., (Gr. 1.) 
J. Woodiana, Heer.-Buzzard Inlet. 
Carya antiquorum, Ny.-E. 
Cassia concinna, Heer.-E.-Mo. 
C. pha.seolites U.-Sp. C.-Mo. 
Calycites hexaphylla, Lesqx.-E. 
Carpolithes aracbioides, Lesqx.-E. 
C. palmarurn, Lesqx.-E., (Gr. 1.) 
C. osseus~ Lesqx.-E. Cr. 

25 G H 
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REMARKS ON 1'HE SPECIES OF THE SECOND GROUP. 

The :flora of group No. 2 seems to be composed of species in pa1t 
identical with or closely allied to those of group No. 1, or with those of 
group No.3. The species of Spring Canon have, besides those which are 
represented in the whole Tertiary, Gyrnnogramma Haydenii, Abietites 
dubiua, Salisbu·ria polymorpha, Caulinites Sparganioides, Ficus auriculata, 
or five species considered as Eocene, type of the first group. The same 
locality has, however, of species represented in the third group, and 
which are truly Miocene, Salix angusta, Alnus Kefersteinii, Quercus 
platanitt, Vorylus jlicQua·rryi, Platanus aceroides, and Juglans denticulata, 
or seven species. The flora of Evanston is mixed in the same way, for it 
has, in common with the first section, fruits of palms, (no leaves, however, 
have been found there as yet,) Magnolia Hilgardiana, Rhamnus obovatus, -
Juglans appressa, J. 'rhwmnoides, or five species; and, with the third group, 
Populus arctica, Betula Stevensoni, Fagus JJeucalionis, Platanus aceroides, 
Acer trilobatum. This intermixture of types might be explained in sup
posing that the specimens of Spring Canon were obtained from different 
localities; but, .as we have the same facies at Evanston, this supposition 
is groundless. Evanston has an enormous thickness of lignite deposits, 
separated in a number of beds of pure coal by clay partings, or thin 
intermediate layers of shale and sandstone. Four beds of lignite, meas
uring altogether 43 feet, are reported in a section of 99 feet*~ the middle 
one, 32 feet thick, being cut b;y four clay partings. It seems, therefore, 
that there was at this locality, and perhaps also at Spring Canon, a pro
tracted formation of lignite beds, continuing, nearly without interrup
tion, from the Lower to the Upper Eocene. I am inclined to consider 
this group No. 2 as Upper Eocene on account of the conglomerate beds 
by which it is overlaid. Its :flora has, however, a marked character of 
its own by a number of species which as yet have not been seen out of 
it: Salix Evanstoniana, Myrica ambigua, Quercus negundoides, Q. Ellisi
ana, Q. Pealei, Ficus Gaudini, 11Iorus affinis, Platanus dubius, Laurus ses-

. silijlorus, Calycites hexaphylla, Oarpolithes arachioides, &c. All the Euro
pean species recognized in this group are Miocene. A number of its 
types, too, mostly found also in the third group, are northern types, 
arctic or Alaskan ian: Phragmites Alas kana, Populus arctica, P. Zad
dachi, Salix Grrenlandica, QU;ercus platania, Corylus IJ1cQuarryi, Fagus 
antipji, Fraxinus denticulata, . Vitis olriki. Taking all together, one-half 
of this flora is a compound of arctic or of European Miocene species. 

LIST OF THE SPECIES OF THE THIRD GROUP. 

[Abbreviations for names of localities: C., Carbon; W. G., vVahsatch or Washakie 
group ; M. B., Medicine Bow; R. C., Rock Creek; P. of R; Point of Rocks; Mo., 
Miocene; Gr., Group.] 

Sclerotium pustuliferum, Heer.-C. (?) 
Halymenites major, Lesqx.-C., (Gr. 1 and 2.) 
Taxodium, dubium, Heer.-0.-Mo., (Gr. 4.) 
Sequoia Heerii, Lesqx.-0. 
Equisetum Haydenii, Lesqx.-0., (Gr. 4.) 
Phragmites CEning-ensis, A. Br.-M. B.-Mo., (Gr. 1, 2, 4.) 
Oyperites, species.-P. of R. 
Smilax grandifolia, U.-0.-Mo., (Gr. 1.) 
Acorns brachystachys, Heer.-W. G., C.-Mo. 
Uaulinites Sparganioides, Lesqx.-U., (Gr. 1, 2.) 

f. Dr. A. C. Peale in Hayden's Report, 1871, pp. 194, 195. 
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Liquidambar gracilis, Lesqx.-W. G. 
Populus arctica, Beer.-W. G., J.>. of R., M. B., C.-Mo., (Gr. 2.) 
P. decipiens, Lesqx.-C. 
P. attenuata, A. Br.-R. C., C.-Mo., (Gr. 1.) 1 

P. requalis, Lesqx.-R. C. · 
P. mutabilis, var. repando.crenata, .A. Br.-C.-Mo., (Gr. 1 and 2.) 
P. latior, var. transversa, .A. Br.-W. G.-Mo. 
P. latior, var. cordifolia, A. Br.-M. B.-Mo . 
.Alnus Kefersteinii, Gp.-C.-Mo., (Gr. 2.) 
Betula Stevensoni, Lesqx.-0., (Gr. 2.) 
.Quercus platania, Heer.-C.-Mo., (Gr. 2.) 
~. Olafseni, Heer.-P. of R.-lio. 
Q. remulans, Lesqx.-W. G. 

· Q. acrodon, Lesqx.-R. C., C. 
Q. Haydenii, Lesqx.-R. C. 
Corylus McQuarryi, Heer.-C.-Mo., (Gr. 2.) 
C. grandifo!ia(~), Ny.-P. of R. 
Fagus antipofi, Beer.-P. of R.-Mo., (Gr. 2.) 
Fagus Deucalionis, U.-C.~Mo., (Gr. 2.) 
Ficus tilirefolia, .A. Br.-W. G.-Mo., (Gr. 1 and 2.) 
F. oblanceolata, Lesqx.-C. (1} 
F. lanceolata, Beer.-C.-Mo., (Gr. 4.) 
F. multinervis, Heer.-C.-Mo. 
F. arenacea, Lesqx.-0. 
F. Gaudini, Lesqx.-0. 
Platanus aceroides, U.-C., R. C.-Mo., (Gr. 2.) 
P. Guillelmoo, Gp.-0., P. of R.-Mo. 
Coccoloba lrevigata, Lesqx.-C. 
Cinnamomrlm l\iissi~sippiense, Lesqx.-0., (Gr. 1 and 2.) 
Cinnamomum species.-C. 
Corn us rhamnifolia, Heer.-P. of R.-Mo. 
C. acuminata, Ny.-W. G.-Mo. 
Vitis lslandicaC?), Heer.-P. of R.-J.VIo. 
Magnolia Inglefieldi, Beer.-W. G.-Mo., (Gr. 1.) 
Asimina miocenica, Lesqx.-0. 
Dombeyopsis requifolia, Gp.-P. of R.-Mo . 
.Acer trilobatnm, var. productum, Heer.-C.-Mo., (Gr. 2.) 
Paliurus Columbi, Heer.-W. G., C.-Mo. 
Zizyphus Meekii, Lesqx.-C. 
Z. hyperboreus, Heer.-C.--:Mo. 
Rhamnus intermedius, Lesqx.-W. G. 
R. Goldianus, var. latior, Lesqx.-C., (Gr. 1.) 
Juglans acurninata, .A. Br.-W. G.-:-Mo., (Gr. 4.) 
J. rugosa, Lesqx.-C., W. G., P. of R., (Gr. 1 and 2.) 

. J. denticulata, Heer.-0.-Mo., (Gr. 2 and 4.) 

. Carpolithes cocculoides, Heer.-C.-:-Mo., (Gr. 2.) 

REMARKS ON THE SPECIES OF THE THIRD GROUP. 
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The general character of the flora of the third group is positively 
:Miocene. Its types are not mixed with older ones, and indicate for 
the localities where the specimens were found a higher stage of the Lig
nitic, which, however, appears to succeed the second group without any 
marked disturbances. .According to the observations of Messrs. Meek 
and Hayden, the Washakie group is conformably superposed to the 
Black Butte or Bitter Creek series, without changes of lithological 
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characters, and there are still at Carbon and other localities a few rem
nants of the lower Lignitic flora: Halymenites major, Sm·ilax grand~folia, 
Oaulinites Sparganioides, Ficus tiliccfulia, especially Oinnamom~tm Miss·is
sippiense, and a variety of Rhamnus Goldianus. But of the 56 species of 
the.group, 31 are identified with species of the European Miocene, or of 
the .Arctic flora. Of these last it has 13 species, or 23 per cent., four of 
them already counted in the Evanston division: Aconts brachystachys, 
Popul~ts arctica, P. decipiens, Quermts platania, Q. Olafseni, OorJJlus Mc
Q~arryi, Fagus antipo.fi, Vitis lslandica, Magnolia Ingle.fieldi, Paliurus 
Volombi, Zizyphus hyperboreus, Juglans denticulata., and Carpolithes coc
c·uloides. The Miocene facies of the flora of this division is equally well 
marked in species of its own or American species, like Equisetum Hay
denii, Betula ~tevensoni, F·ic~ts Gaudini, Coccoloba lcevigata, Asimina 
miocenica, Zizyphus Meekii, &c., all species evidently of more recent types 
~an those of the two lower groups. ·The relation of this division with 
No.2 is, however, indicated by 17 identical species, more than one-fourth 
of the whole number, while it is allied to the upper group only by a few 
of the omnipresent species, Taxodium dubi~tm, Phragmites (BJningensis, 
Jugla.ns acuminata, J. denticulata., and by only two species, Equisetum 
Haydenii and Ficus lanceolata, not recognized in the lower groups. 

The plants of all the localities referred to this division are of the 
same type. But the specimens labelf'd Point of Rocks and Rock Creek 
have apparently been mixed, or indicate different localities than those 
which now bear these names. The Point of Rocks station is lower in 
the measures than Black Butte, and its flora should have the Eocene 
character, of course. But I could not find any remains of plants there 
or around in that barren country, though I spent two days in searching 
for them. The Rock Creek station is Cretaceous, and for miles around 
I found there nothing but representatives, in rocks and fossil animal 
remains, of the two .upper groups of this formation, to fifteen miles 
farther west than Medicine Bow, where heavy sandstones of the Ter
tiary are covered by the lignite deposits of carbon. 

LIST OF 1'HE SPECIES OF 1'HE FOUR1'H GROUP. 

[Abbreviations for names of loca1Wes: B. Sp., Barrel's Spring; Hy. F.,. Henry Fork; 
Gr. R., Green River; S. P., South Park; M. P., Middle Park.; Bl., Elko; M. Cr., Muddy 
Creek; Mo., Miocene; Gr., Group.] 

Hemitelites Torelli(~), Heer.-Gr. R. 
Pteris penmeformis, Heer.-Hy. F.-Mo., {Gr. 1.) 
Bleclmum Grepperti, Ett.-Hy. F. 
Aspidium Fischeri, Heer.-M. Cr.-Mo. 
Ly godium neuropteroides, Lesqx.-B. Sp. 
Ophioglossum Alieni, Lesqx.-S. P. 
Salvinia cyclophylla, sp. nov.-M. P. 
Lycopodium prominens, sp. nov.-El. 
Equisetum Haydenii, Lesqx.-B. Sp., (Gr. 3.) 
E. Wyomingense, sp. nov.-Gr. R. 
Taxodium dubium, St.-EL-Mo., (Gr. 3.) 
T. tijanorum, Heer.-B. Sp.-Mo. 
Glyptostrobus Europeus, Heer.-S. P.-Mo. 
Sequoia angustifolia, Lesqx.-El. 
S. Langsdorfi, A. Br.-S. P.-Mo., (Gr. 1.) 
S. Coutsire(~), Heer.-M. P.-Mo. 
Thuya Garmani, Lesqx.-EI. 
Thuites callitrina, U.-S. P.-Mo. 
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Pinus polaris, Heer.-S. P., E.-Mo. 
Pinus(!), species.-S. P. , 
Abies N evadensis, Lesqx.-El. 
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Arundo Gcepperti, Mu.-Gr. H-Mo., (Gr. 1.) . 
Phragmites CEningensis, A. Br.-Hy. F., B. Sp., El.-Mo., (Gr. 1, 2, 3.) 
Juncus, species.-Gr. R. 
Poacites lrevis, H.-B. Sp., El.-Mo. 
Cyperus(!) Braunianus(~); Heer.-B. Sp.-Mo. 
Cyperit~s Deucalionis, Heer.-B. Sp.-Mo. 
Carex tertiaria, Heer.-Hy. F.-Mo. 
Sparganium, species.-B. Sp. 
Acorns(!), species.-S. P. 
Populus Richardsoni, Heer.-El.-lVfo. 
Salix elongata, Web.-El.-J\fo. 
S. augusta, A. Br.-Gr. R.-Mo., (Gr. 2.) 
S. media(~), A. Br.-Et-Mo. 
Myrica nigricans, Lesqx.-Gr. R. 
M. copiana, sp. nov.-S. P. 
M. acuminata, U.-M. P.-Mo. 
M. undulata, Heer.-El. 
M. latiloba, Heer.-:-M. P.-Mo. 
M. partita, sp. nov.-El. 
Comptonia Brongnarti(Y), Ett.-El. 
Ulmus tenuinervis, sp. nov.-M P. 
Planera longifolia, Lesqx.-S. P. 
Quercus semi-elliptica, Gp.-El.-Mo. 
Q. lonchitis, U.-Gr. R.-lVIo. 
Q. Elkoana, sp. nov.-El. 
Q. neriifolia, Heer.-S. P.-Mo. 
Fagus feronire, U.-EI.-Mo., (Gr. 1.) 
Ficus lanceolata, Heer.-S. P., M. P., Gr. R.-Mo., (Gr. 3.) 
Ficus Jynx, U.-El.-J\tlo. . 
F. Ungeri, Lesqx.-G. R. 
F. populina, Heer.-G. R.-1\Io. 
Cinnamomum Scheuchzeri, Heer.-Gr. R.-l\1o., (Gr. 2.) 
Diospyros Oopeana, sp. nov.-El. 
Fraxinus prredicta, H·.-M. P.-l\1o. 
Ampelopsis tertiaria, Lesqx.-Gr. R. 
Weinmannia (~) rosrefolia, sp. nov.-l\1. P. 
Eucalyptus americana, Lesqx.-Gr. 1{. 
A.cer, .species.-B. Sp. 
Sapindus angustifolius, sp. nov.-M. P. 
S. coriaceus, sp. nov.-El. 
Staphylea acuminata, sp. nov.-l\f. P. 
Ilex a.ffinis, Lesqx.-Gr. R. 
I. stenophylla, U.-Gr. R., M. P.-Mo. 
I. subdenticulata, sp. nov.-M. P. 
I. undulata, sp. nov.-M. P.(1) 
Ceanothus cinnamomoides, Lesqx.-Gr. R. 
Paliurus Florisanti, sp. nov.-S. P. 
Rhus drymeja, sp. nov.-M. P. 
R. Haydenii, sp. nov.-M. P. . 
Juglans acuminata, Heer.-Gr. R.-Mo. (Gr. 3.) 
J. Schimperi, Lesqx.-Gr. R., (Gr. 1.) . 
J. denticulata, Heer.-Gr. R.-Mo. (Gr. 2 and 3.) 
J. thermalis, Lesq~.-M~ P. 
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Pterocarya americana, sp. nov.-M. P. 
Carya Heerii(~), Ett.-Gr. R. 
Podogonium, fruit.-M. P. 
Podogonium, leaf.-S . .P. 
Coosalpinia(~) linearifolia, sp. nov.-S. P. 
Acacia septentrionalis, sp. nov.-S. P. 
Leguminosites, f1uit and leaf.-El. 
Carpolithes et semina.-M. P. 

REMARKS ON THE SPECIES OF THE FOURTH GROUP. 
.. 

The fourth group is remarkably distinct from the lower ones by its 
peculiar facies. It has for characters of its flora a proportionally large 
number of ferns, 6 species, a Salvinia, a Lycopodium, 2 species of 
Equisetum, 11 species of conifers, and 9 species of Glumacem, viz : 
30 species of aerogenous monocotyledonous and gymnospermous plants, 
or 37 per cent. of the whole number of species as yet known 
as its representatives. Moreover, the b::tlance of the species is limited 
to few genera: to Salix, 3 species ; Myrica and Comptonia, 7 ; Qu.er: 
cu.s, 5; Ilex, 4; Rhus, 2; Juglandem, 6. At first sight, this group appears 
scarcely referable to a Miocene flora, so different is its facies from 
that of any of the former divisions. It has, however, 32 of its 
species identical with species of the European :Miocene, or a propor
tion of 40 per cent.; while it is allied only to the lowest Ameri.can group 
by 5 species, mostly of general distribution: Pteris pennc~formis, 
Phragmites CEningensis, Fagu.s feronim, J'llglans Schimperi. 1\.,.ith the 
second group it bas in common the same Phragmites, Sal·ix angusta, 
Cinnammnum Scheuchzeri and Juglans denticulata; and with the third 
Phragmites still, Equisetum Haydenii, Taxodium dubium, Ficus lanceo
lata, Juglans amtminata, and J. denticulata. It has thus preserved a 
remnant of the flora of the other groups, which, considered altogether, is 
very little; for the three first divisions have 267 species, and in elim
inating Phragmites CEningensis, repres.ented in all the divisions of the 
Tertiary, we find only 11 species, or 5 per cent., of the flora of the 
Green River group represented in the others. If it had not so many 
typical representatives of the Miocene of Europe, and if at the same time 
it had some one of our living species, it might be considered as Pliocene. 
But of more recent types than those of the former groups, it has scarcely 
any ; I can name only Ulmus tenuinervis, the fine Staphylea acuminata, 
and Ampelopsis tertiaria. The remains of plants at Green River are 
found in laminated shales with an abundance of skeletons of :fishes. At 
Elko station, South and Middle Parks, the plant-bearing beds, com
posed of the same kind of thin, laminated, fragile, soft shale, have also 
preserved remains of :fishes, insects, and fe~~thers. 

The peculiar compound of the thin laminated slates of the formation, 
and the similarity of animal fossil remains, prove, as well as the gen
eral character of the flora, that the localities named in the above table 
are referable to the same group. Very few species, however, have been 
observed at more . than one locality; while, on the contrary, the species, 
most of them at least, are represented by a very large number of speci
mens. This fact, like the distribution of the species, indicates a vege· 
tation of high land, covered with lakes, swamps, and deep forests ot 
conifers, with a thick undergrowth of ferns and shrubs. With a 
vegetation of this kind, the number of species is limited, and these are 
generally circumscribed in local groups. A vegetation analogous to 
this, covered the northern half of Europe after the Drift period. In the 
Tertiary epoch it has its analogue with the <Eningen or upper stage of 
the Miocene. · 
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§ 3.-DESORIPTION OF SPECIES. 

I have described here only the forms which are considered as new 
species, with those, which though already known from Europe, bad not 
yet been recognized from ·American specimens. A few also are re
marked upon, which, represented by better specimens. have their char
acters and their relation more clearly defined. 

The researches of the past year have added to the American Tertiary 
flora al1out one hundred species, of which sixty are new ones. The whole 
number represented in the tables of distribution amounts now to nearly 
three hundred and sixty. 

I have followed for the description the same plan as in the two 
formm~ annual reports of Dr. Hayden, briefly exposed the essential 
characters of the species, and quoted references for analogies whenever 
I cot'1ld find any in· the publications of European authors, in order to 
obviate the absence of figures, which, though, now already made, haye 
to be reserved for a final report. 

Except for the speeimens found by myself, the names of the discov
erers are carefully recorded, with the localities where the fossil remains 
haYe been found. 

SPEClES OF 'l'HE FIRST GROUP. 

\VOODW ARDIA LATILOBA, sp. nov. 
Frond large, bipinnatifid ; pinnm opposite, decurrent upon the thick 

rachis, long, linear, slightly tapering to the point, equally lobed; lobes 
disjointed to three-fourths of their length, united by narrow obtuse 
sinuses, broadly lanceolate, obtuse, scythe-shaped upward, becoming 
more connivent toward tbe point of the pinnm; upper pinnm more and 
more obtusely and less deeply lobed, passing to mere equal undulations; 
nervation undistinct, except the middle nerve of the lobes, which is 
nari'ow but well marked, ascending to the point of the lobes; second
ary veins parallel to the rachis and to the middle nerve, branching in 
ascending, forming hy anastomoses of their divisions one or two rows 
of large areoJm, and joining the borders in parallel veinlets. 

Large and splendid specimens have been obtained of this form by 
Mr. Arthur Lakes, of the School of. Mines of Golden, to whom the survey 
owes many valuable discoveries. The numerous fragments represent the 
characters of the whole frond. Its consistence is thick, coriaceous; the 
surface is smooth, nearly polished ; and the details of nervation are 
recognizable only upon fragments which show the lower surface of the 
pinme, or whose upper surface is destrosed by maceration. The fructi
fic~tions have not been discovered yet. 

Habitctt.-Golden; South Table Mountain, A. Lakes. 

W OODW ARDIA LA'riLOBA, var. MINOR. 

Only small fragments of this form have been obtained at Blaek Butte. 
They represent the upper part of a pinna of exacqy the same form and 
with the same mode of division as the specimens of Golden. The lobes, 
however, are much smaller, less scythe-shaped; the basilar veins follow 
the rachis, as in the former species, going from the base of one middle 
nerve to that of the other above, forming thus a band on both sides of 
the rachis, passing also in long areas up and along the middle nerve of 
the . lobes and from their anastomoses ascending to the borders and 
forking twice. In the normal form, the veins, though thicker, are less. 
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distinct, and form two rows of polygonal areolre in passing up to the bor
ders; in this variety(~), the veinlets are merely forked in going up. 

This small form is closely allied to Woodwardites arct·icus, Heer, differ
ing, however, by the nervation. The fragments representing Beer's 
species are, like those of Black Butte, too small for an exact comparison. 
His described specimens are from Greenland and from Alaska . 

. Habitat.-Black Butte; , Wyoming. 

PTERIS PENN.JEFORMIS,' Heer. • 
Pinnre long, linear-lanceolate, taper-pointed, entire to abo-ve the mid

dle, undulate upward, serrate at or near the point, thickish ; medial 
nerve thick, especially toward the base of the leaflets, where itisbi-grooved 
and three-striated; veins in an acute angle of divergence, close, thin, 
mostly simple, or forking once. The fragments of leaves or pinnre, as 
described here, closely resemble the species of Heer, (Fl. Tert. Helvet., I~ 
p. 38, Pl. xii, Fig. 1,) differing slightly by the borders, which, serru
late at or near the point, are undulate or distantly an.J obtusely den
tate above the middle, and entire downward. Beer ,describes his spe· 
cies as serrulate near the point and entire downward. In comparing 
our specimen to the figure marked above, the denticulation appears 
merely more marked in the American form. 

This species bas been described already in Hayden's Report for 1871, 
(p. 283,) from specimens from Henry's Fork, too fragmentary for positive 
determination. 

Habitat.-Golden, Col. 
PTERIS AFFINIS, sp. nov. 

Frond simply pinnate; pinnre subcoriaceous or thickish, short, about 
5 centimeters long, oblong-lanceolate, broader at the middle, rapidly 
tapering to a slightly obtuse point, gradually narrowed downward, and 
rounded to the point of attachment; borders undulate; nervation thin, 
but very distinct; veins open, curving from the middle nerve to the 
borders, slightly more de:fiexed downward in reaching the midrib, dicho
tomous, none simple, or scarcely any, forking once or twice, rarely three . 
times. 

Difl'erent from the former by its nervation, shorter obtuse t>innre, undu
lately-crenate borders, and thinner substance of the leaves. From P. 
anceps, Lesqx., (Hayden's Report, 1872, p. 376,) it difl'ers especially by 
more distant and more oblique veins. . 

Habitat.-Golden; rare like the former, but obtained in better speci
mens. 
PTERIS EROSA, Lesqx. 

Pinnre broadly-lanceolate or ovate-lanceolate, taper-pointed or acu
minate, serrate upward, with crenulate or lacerate borders below; 
medial nerve thick; veins oblique, straight, mostly simple, forking 
near or at the base, rarely above the middle, distant, parallel. It has 
been formerly described in Supplement to Hayden's Report, 1871, (p.12.) 

By its nervation and the form of its pinnre this species is related to 
P. longifoUa., L., or to some of its varieties with serrate borders. 

Habitat.-Raton 1\Iountains, where the first incomplete fragments were 
discovered; Golden, where it was found in more perfect specimens. 

PTERIS SUBSIMPLEX, sp. not'. 
Pinnre thicli, coriaceous, simple, entire, linear-lanceolate, narrowed in 

curving to the base, (point broken,) large, varying in size, from 2 to 4 
centimeters broad, and at least 10 to 12 centimeters long; middle nerve 



. _., 

LESQUEREUX.l PALEONTOLOGY-LIGNITIC FLORA-SPECIES. 393 

narrow, deeply marked; veins distinct, simple, or merely forking once 
near the base or above the middle, open, slightly curved downward in 
passing to the borders, which are slightly crenate by contraction to the 
point of the veius. This fine fern is comparable to some species of 
JJanma. It differs, however, from those which I have for comparisou, 
by the direction of the veins, which do . not turn upward in reaching 
the borders, but join them in the same curve and pegree of divergence 
which they follow from their point of attachment ~o the middle nerve. 

Ha'b-ita. t.-Golden. It is in the collection in ~any fragments, none 
showing the point of the leaflets. 

PTERIS GARDNER!, sp. nov. 
Frond large, simply pinnate; pinm:e large, lin~ar, in right angle to 

the rachis, sessile, rounded to the base, with enltire, deeply undulate 
borders ; middle nerve broad, thin, grooved in the middle, flattened on 
the borders; veins nearly at right angle to the mitlrib, abruptly curved 
down at the base or decurring to it, forking once near the base, and 
once, also, generally above the middle; divisions )or veinlets joined by 
cross- branches, forming here and there some irregular elongated polygo
nal areolre. The pinnre are larger than those of P. pennrejormis, but 
apparently of about the same form. The species essentially differs by 
its strong, thick veins, more distant~ joined by cro

1

ss-branches, &c. 
Habitat.-Roof of coal-mines, Sand Creek, Colorado, A.. Gardner . . 

DIPLAZIUM MUELLERI (~),Beer. 

Pinnre narrowly-lanceolate, tapering to a long acumen; borders mar
gined, inflated, distantly equally serrate; medial nerve broad, bi-grooved; 
veins at an acute angle of divergence, very close, dichotomous, some of 
the branches uniting by anastomosis; substance very thick, coriaceous. 
The substance of the leaflets seems composed of two layers; .the upper 
one, either scaly or villous, is sometimes destroyed or erased as a 
pellicle of coaly matter. Through this crust the veins are somewhat 
obsolete; but when it is· destroyed, the details of nervation are very 
clear. The anastomosis or cross-branches of the veinlets is somewhat 
like that of Pteris Gardneri; it is, however, not as frequent. 

I consider this form as identical with JJiplazium Muelle'ri as described 
in Beer, (Boernst. Fl.,p. S,PI.i, Fig. 2.) There is, however, a difference in 
th~ borders of the pinnre, which, in the .European species, are doubly 
serrate, while they are equally and simply serrate in the American form; 
and in the cross-branches of the veinlets, which are not remarked in the 
description and figures of Beer. It is probable that the specimens from 
Boernstadt had the upper surface covered by the coating of scaly matter, 
and that, therefore, the minute details of nervation were not observable. 
Professor Beer finds the relation of his species to the living JJiplazium 
celtidifolium. Ours is rather comparable to some species of A.crostickum, 
like A.. aureum, which has also its veins here and there joined by cross
veinlets. 

Habitat.-Golden ; South Table Mountain. 

ASPIDIUM GOLDI.A.NUM, sp. nov. 
· Frond bi-tripinnatifid; primary pinnre enlarged, broadly deltoid ; sec

ondary pinnre linear, alternate, rapidly decreasing in length in ascend
ing, joined to the l'achis in an obtuse angle of diYergence, alternately 
equally pinnately-lobed; lobes free for two-thirds or three-fourths of 
their length, oblong, obtusely or slightly acute, inclined outside; mid-
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die nerve distinct; veins 5 to 7, simple, slightly curved inward, parallel, 
obsolete, marking the borders as slightly serrulate by their impressions. 
The substance of the leaflets is subcoriaceous; the surface smooth.; the 
borders really entire, but, as it is the case in species of thjs kind when 
they have a thick eonsistence, they are marked as apparently denticu
late by the impression of the veins. Both primary and secondary rachis 
are narrow; the secondary pinnoo are sessile, not decurrent by the lowest 
lobe. 

This species is closely allied to A Serrulatum, Heer, of the Boernstadt 
flora, differing by the more entire borders, more numerous tertiary veins, 
&c. . 

Habitat.-Golden ; found only in fragments. 

GONIOPTERIS POLYPODIOIDES, Ett. 
Pinnoo linear, lanceolate-pointed, remotely denticulate; primary veins 

parallel and at equal distance; secondary veins at an obtuse angle of 
divergence, apparently alternate, simple, curved inward. By tht' form of 
the pinnoo and the distantly denticulate borders, the specimens represent 
the European species asfiguredand described by the author in Mount Pro
mina flora. The veins are, however, scarcely discernible, as also the very 
small crenulations exposing the points of the secondary veins; the points 
of the middle veins, however, are marked by small, distinct teeth. The 
identity of this form with the European species is not quite eertain. 
Its nervation is very undistinct. 

Habitat.-Sand Creek, W. H. Holmes. 

SPHENOPTERIS MEMBRANACEA, sp. nov. 
Frond bi-tripinnate; primary pinnoo long, linear-lanceolate, rigid, erect, 

or at a narrow angle of divergence; tertiary pinna short, oblong-lance
olate, decurrent, deeply and equally 5-6-lobed; lobes oblong, acute, or 
slightly obtuse, distinct, to near the base, single-nerved. 

This is perhaps a variety of S. eocenica, Ett., described in Hayden's 
Report for 1872, (p. 376,) a species very common at Golden. It has, 
however, a different facies, especially by its membranaceous shining sub~ 
stances,. the rigid divisions, the much shorter ultimate pinnoo, the more 
distinct narrower pinnules, and the decurring base of the secondary pinnoo 
joined by a margin along the rachis, &c. 

Habitat.-Golden, rare, A. Lakes, 

SPHENOPTERIS NIGRICANS, sp. nov. 
Frond polypinnate; secondary (~) pinnoo narrow, linear in outline, (as 

much as can be seen from the fragments;) tertiary pinnoo at a right 
angle of divergence from the narrow slightly-winged rachis, short, sessile, 
(the lowest pinnules covering the rachis by their borders, but not decur
rent,) linear, abruptly narrowed to a small obtuse terminal lobe, pin
nately deeply-lobed; pinnules inright angles to therachis,freetonearthe 
base, oblong, obtuse, undulately pinnately-lobed on tbe borders; middle 
vein scarcely distinct, alternately pinnately-divided in 4 to 6 pairs qf 
veinlets, curving downward, and forking once, except the upper pair, 
which is simple. The surface seems to be villous or squamose, covered 
as it is by a black pulverulent thin coating of coaly matter. The nerva
tion of this species is pteroid, somewhat like that of Pteris blechnoides, 
Heer, (Fl. Tert. Helv., I, p. ·40, Pl. xii, Fig. 8b;) the form of the leaflets 
refers it, however, to the genus Sphenopteris. . 

Habitat.-Biack Butte. 
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HYMENOPHYLL UM CONFUSUM, sp. nov. 
Frond polypinna.te; tertiary(~) rachis grooved, thick, divisions in an 

open, nearly right angle of divergence to the main rachis, dichotomous; 
pinnnles cuneiform, enlarged upwa.rd, dichotomously three, many 
times divided in linear, short obtuse lobes, entered each by a simple 
vein let diverging from dichotomous branches of the primary veins. The 
divisions are decomposed many times, the last pinnule being only 3 
millimeters long and 12- millimeters broad; all are crowded and mixed 
upon another. The surfa~e is minutely punctulate, as if it had been 
tomentose or ciliate. The specimens are fragmentary. 

Habitat.-G,olden. 

SELAGINELLA BERTHOUD!, sp. nov. 
Stern slender, spreading, prostrate(~), or creeping(~), dichotomous, 

divisions simple, or the longer ones the lowest, also dichotomous; leaves 
four-ranked, by two rows of alternate distichous linear-oblong, lingulate, 
pointed, longer leaflets, spreading on both sides of the stem and branches, 
and two rowR of small oval or nearly round ones, closely appressed to the 
base of the longer leaves and covering it. The distichous leaflets are 
3 to 4 millimeters long and 1 millimeter wide, the small ones less than 
1 millimeter square. This fine species greatly resembles some species 
of our time, like S. stolonifera, S. Jlctrtensii, &c. Its characters are dis
tinctly recognizable. 

Habitat.-Golden. Discovered by Capt. E. Berthoud, to whom the 
stuve:. owes the communication of this remarkable species. 

EQUISE'lUM(~) LlEVIG.A.TUM, sp. nov. 
Stem thick; its surface irregularly wrinkled length wise, not costate, 

contracted at the articulations, of which only one is seen upon the speci
men in the middle of the stem. The articulation bears the scars of 
four branches, marked by whorls of somewhat undistinct, close rays, 
enlarging from the center to the circumference. The characters are 
not sufficiently discernible; the scars of branches are scarcely distinct, 
and the stem, apparently crushed above or below the articulation, is 
nearly half as large on one side of it as on the other. It may represent 
a root of EquisetU1n marked around with the scars of rootlets. 

Habitat.-Sand Creek, W. G. Holmes. 

SEQUOIA LA.:nGSDORFrr, A. Br. 

Is represented by small, somewhat obscure specimens. The leaves 
are slightly shorter. It is the only difference which may be remarked 
in comparing it to· the numerous figures published of this species by 
European authors. It may represent the same species as Abietit~s du
bius, Lsqx., from the Raton mountains. (Hayden's Report, 1872, p. 347.) 

Habitat.-Black Butte, above main coat 

SMILAX(!) GR.A.NDIFOLIACI), Ung. 
The lower half of the leaf only is preserved upon the specimen. Its 

base is rounded to the petiole, three-nerved from the base or irregu
larly five-nerved by the division, near its base, of one of the lateral veins, 
and on the other by a marginal veinlet coming out from the top of the 
petiole; middle nerve and lateral veins crossed by few thin branches 
or oblique nervilles. The nervation is similar to that of Unger's species 
in Sillog., (Pl. ii, Figs. 5-8;) the form of the leaf, however, difl'ers, it being 
rounded to the petiole, not cordate. 

Habitat.-Eastof Colorado Springs, .A. 0. Peale. 
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FLABELLARIA LONGIRACHIS, Ung. 
Leaves very large, as seen from numerous fragments ; rays attached 

in an acute angle of divergence to the very narrow rachis, obtusely 
carinate, marked in the length by obtuse equal strire less than one mil
limeter apart; epidermis comparatively thick. As Unger remarks it, 
the rays are not duplicate or folded in their contact to the rachis. The 
species is represented by many specimens; it appears identical with 
that described by Unger. . 

Habitat.-Divide between Yellowstone Lake and Snake River, Hay
den; Raton Mountains, Golden. 

FL.A.BELLAR.IA(¥) FRUC'l'IFERA, sp. nov. 
Two fragments representing the base of an appa.rently large palm-leaf, 

with very numerous Tays, 60 to 80, acutely carinate, nerved; primary 
nerves a little more than 1 millimeter distant; secondary veins very thin, 
slightly discernible ; top of the rachis or petiole flat or enlarged on the 
sides, reniform. Joined to it is a small raceme of cylindrical oblong 
obtuse fruits, tapering to a slender peduncle, narrowly striated in the 
length, slightly flattened by compression, 1 centemiter long, ~ centime
ter wide in the middle. Four of these fruits are attaclled to a common 
pedicel, partly imbedded into the stone, alternately diverging from it 
by short peduncles. 

Habitat.-Golden. 

ERIOCAULON(¥) POROSUM, sp. nov. 
Leaves basilar, rosulate, spreading, entire, linear~lancolate, broader 

at the middle, gradually tap.ering upward to a slightly obtuse point, 
and downward to a very short petioled base; medial nerve broad, con
cave ; lateral veins two, nearly parallel, with apparent ramifications to
ward the borders, forming round polygonal small areolre. Theleavesare 
thick, of a spongious texture apparently ; the meshes along the borders 
are not distinct, and may be formed by contraction of ·the epidermis. 
I do not find any species to which this form may be comparable, except 
the leaves of some large rossulate Eriocaulon. The specimen is cut 
through by rootlets nearly as thick as the leaves are broad. 

Hab·itat.-Sand Creek, W. H. Holmes. 

ZINGIBERITES(~) UNDULA.TUS, sp. nov. 
Fragments of large leaves, whose outlines are not preserved, equally 

undulate on the 8Urface, marked with oblique, distinct, parallel primary 
veins, 2 millimeters distant, with 6 to 7 very thin int ermediate veinlets. 
The surface is covered with a thick epidermis or the leaf is subcoria
ceous. The surface-undulations are formed by deep furrows, which, how
ever, are more or less distinct, and which do not cut the connection of the 
veins. There is·no trace of rachis to which the fragments of an evi
dently large leaf may have been attached. 

Habitat.-Golden. 

JtHIZOCAULON GRACILE, sp. nov. 
Branches slender, straight, irregularly forking, bearing oblanceolate, 

scythe-shaped, very obtuse, Arnall leaves, with the base descending or 
decurring along the stem, joined to it by a very short, thickish petiole, 
appearing like a swelling of the narrowed base of the leaves. The 
leaves are about 7 millimeters long, 2i millimeters broad toward the 
point where they are broadly rou,nded; they curve 'downward from the 
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point, of attachment, appearing placed upon the slender stem, or rachis, 
in a spiral order. They are of a thick consistence; their surface cov
ered with a coating of coaly matter, obliterating nearly every trace of 
nervation ..An undefined medial nerve seems apparent on some leaves ; 
but it may be a mere linear artificial depression. On other leaves, 
deprived of epider:qJ.is, some thin stri::e running parallel and lengthwise 
are recognizable. By the disposition of the branches and of the leaves 
these vegetable fragments resemble those figured by Schimper as illus
tration of the genus Rhizocaulon, Sap., (in Pal eon t. Veget., Pl. lxxx, Fig. 8.\ 

Habitat.-Biack Butte, burned shale above the main coal. 

POPULUS MUTABILIS, Heer. 
One leaf only, representing·a small form, (like that of Heer, Flor. Tert. 

Helv., II, Pl.lxi, Figs. 9, 10.) The basilar veins are also attached to the 
middle nerv·e, a little above the borders~ and opposite, with three pairs of 
alternate secondary veins above them, all in an acute angle of diver
gence. The leaf, however, does not appear coriaceous. 

Habitat.-Black Butte. 

POPULUS HELIADUM7 Ung. 
Leaves broad1y-ovate, round-truncate to the base, long-petioled; 

borders entire, merely undulate toward the point ; lower secondary 
veins open, marginal, thin, the upper ones parallel, close, simple, or fork
ing once, ascending in an acute angle of divergence close to the borders, 
where they curve. By its form, the direction of the lateral veins ascend
ing straight to near the borders, &c., this leaf is similar to that described 
by Unger, (Fl. v. Sotzka, p. 37, Tab. xv, Fig. 7,) differing, however, by 
the secondary veins more numerous and at equal distance; a difference 
which may be merely casua1 . . 

Habitat.-Golden. 

SALIX INTEGRA, A. Br. 
Leaves entire~ linear-lanceolate, taper-pointed or acuminate, narrowed 

or tapering to the petiole; lateral veins mostly opposite, in an acute 
angle of divergence, the lowest pair less open than the upper ones, at 
least in the leaves with a tapering base. 

We have specimens of Golden and of Black Butte; in these last, the 
leaves are more rou11ded to the chort petiole, and the secondary veins are 
all under the same angle of divergence. There is, however, no marked 
difference, and both forms agree in their characters with the ]eaves of 
this species as described by Herr, (Fl. Tert. Helv., II, p. 32, Pl. lxviii, 
figs. 20-22.) The nervation of the leaves of Golden is the same as Fig. 21, 
whi1e the form of the leaves of Black Butte more closely resembles 
Fig-. 22. 

Habitat.-Golden and Black Butte. 

MYRICA TORREYI, Lsqx., var. MINOR. 
One leaf only has been found of this variety(~) Leaf shorter, shorter

pointed, less graduall,y decreasing downward to the petiole; borders 
denticulate, with close, smaller teeth. No other difference separates 
this leaf from the typical form described from Black Butte in Report for 
1872, (p. 392.) It is probably a mere local variety. 

Habitat.-Sand Oreek, Colorado, A. Ga.rclner. 

BETULA GRACILIS (~), Ludw. 
Species represented by only one ovate, obtusely-pointed leaf, unequal 

at the round su.bcordate base; borders crenulate ;· nervation campto-
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drome; veins curving close to the borders and following them, anas
tomosing downward with thick nervilles, in right angles to the se~ond
ary veins. The impression of the leaf upon the stone is deep, and, there
fore, it represents apparently a coriaceous leaf, a character which is not 
mentioned in the description of the author. (Paleont., Yol. viii, p. 99, Pl. 
xx1:ii, Fig. 4.) All the veins, like the nervilles, are coarsely marked. 

Habitat.- Golden. 

QUERCUS FURCINERVIS, Rossm. 
Leaves subcoriaceous, lanceolate, more generally oblanceolate, rapidly 

narrowed to an acute point, tapering downward and rounding from near 
the base to a short petiole, distantly and regularly dentate from near or 
above the base; lateral veins parallel, at equal dista~ce, (11 pairs in a 
leaf of 10~ centimeters long:) slightly curving in passing up to the bor
ders, mostly simple,. all craspedodrome, rarely forking ne~r the point by 
an upper thin tertiary vein passing upward under the base of the teeth; 
nervilles distinct, in right angle to the veins, forming by cross branches 
large rectangular areas. The lower part of the leaves is generally entire, 
and the lowest veins camptodrome or undulating in ascending along t~'i3 
borders. When dentate near the base the lower veins enter the teeth. 
Heer, in describing Q. Burmensis, de ia H., (in Fl. Tert. Helv., III, p. 
315, foot-note,) says that the form of leaves, dentation, and nervation of 
this species identify it to Q. furcinervis, from ·which, however, it differs 
by the absence of an upper branch on the point of the secondary. veins. 
In the leaves of Oregon ri10st of the secondary veins are simple, rarely 
one or two are seen with the upper small branch passing up under th.e 
teeth. These leaves, therefore, are referable as well to Q. furcinervis as 
to Q. Burmensis. 

Habitat.-Oregon, under the lava-beds of the Cascade ~ountains, 
Prof. J os. Le Conte; clay-beds of Spanish lVIountains, California, Prof. 
Whitney. Golden, in fragments. 

QUERCUS GOLDIANUS, sp. nov. 
Leaves oblong, rounded to an obtuse point, narrowed to the base (?) . 

(destroyed,) with borders undulate .·or slightly rarely dentate with short 
obtuse teeth; nervation camptodrome and craspedodrome. 

This species may be a mere deviation of the former, though the leaves, 
for their point, at ]east, are far different. The nervation is the same; 
the borders of the leaves undulate, entire, except near the middle, where 
they are distantly dentate, the teeth being then entered by the point of 
the secondary veins, which forks under the base of the teeth by a small 
border-branch. The nervation is, therefore, the same as in the former 
species, modified only according to the divisions of the borders of the 
leaves, which are either entire, with secondary veins camptodrome, or 
dentat~, with the same veins craspedodrome. The nervilles are also of 
the same character, like the details of areolat.ion. The form of the 
leaves, however, especially at the entire obtuse point, is far different, 
and in one of the leaves the borders seem to be perfectly entire or 
merely undulate. There is only in the collection two specimens, one 
representing the upper part of a leaf, the other a longer and larger leaf, 
with the point and the base destroyed. · 

Habitat.-Golden. 

QuERcus AT1'ENu.Ai'A (~), Gopp. 
Leaf oval-oblong, narrowed downward to a slender petiole and up

ward to a short point; penninerve; lateral veins nearly opposite, at an 
acute angle of divergence, slightly curving in passing to the borders 
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and with few branches, craspedodrome, their points and those of their 
divisions entering short distant teeth. Except that on this leaf the 
denticulation of the borders is simple and the teeth equal or of a same 
order, while, as represented by Goppert, in Fl. v. Schossnitz, (p. 17, Pl. 
viii, Figs. 4-5,) there are generally two or three small teeth between the 
larger ones, which only are entered by the veins, there is not any ap
preciable difference . between the American and the European leaves. 
That this difference is not a specific one is seen by Fig. 5, (loo. cit.,) whose 
teeth are mostly equal and of the same order. 

Habitat.-Sand Creek, Colorado, A. R. Marwine. 

QUERCUS 0LEBURNI sp. nov. 
Leaf oblong, oval, obtusely-pointed, distinctly obtusely-dentate, taper

ing to the base and decurring to the short petiole, penninerve ; medial 
nerve thick ; secondary veins at a very open angle of divergence or 
nearly at right angle to the middle nerve, obsolete. This form is closely 
related to Q. urophylla, Ung. (Fl. v. Sotzka, p. 33, Pl. ix, Fig~ 9,) differing 
by smaller, more regular teeth. The leafis unequilateral, as in Fig.9, (Zoo. 
cit.,) and on one side the divisions or denticulation of the borders are 
smaller and more regular than on the other. 

Habitat.-Black Butte. 

FICUS 1'ILI1EFOLIA, Al. Br. 
The species is common enough in the Colorado basin. Specimens 

from Sand Creek are covered with fragments of its large leaves of the 
same type and as well characterized as those figured by Heer, (Fl. Tert. 
Helv., III, Pl. cxlii, Fig. 25.) One of .the fragments indicates a leaf of 18 
centimeters long and 14 centimeters wide. Specimens from Golden rep
resent also t his species, but in smaller leaves. 

Hc~bitat.-The whole Lignitic basin, common. 

FICUS PLANICOSTATA, Lsqx., var. GOLDIANA. 

This form differs from the normal one, so abundant at Black Butte, 
by narrower, more gradually acuminate leaves, and by the primary 
veins thin and not flattened. This variety is closely related to the 
leaves described by Saporta in his Fl. Foss. de Sezanne, (p. 400, Pl. xii, 
Figs. 6-7) as Sterculia variabilis. Fig. 6 represents a leaf slightly un
equilateral, a character not remarked in the leaves of Golden. The 
author says that F. Micheloti of Watelet is apparently the same species. 
The normal form of F. planioostata is different by its broad, flat primary 
nerves and its coarser areolation. Except this, the essential characters 
are the same. 
. Habitat.-Golden. The variety only is found at this place ; the nor
mal form most abundant at Black Butte has been discovered above a 
bituminous shale of Coal Creek, Colorado, by W. H. Holrnes. 

FICUS ZIZYPHOIDES, sp. nov. 
A small oval, obtuse(~) (point destroyed,) entire, thick-nerved leaf, 

palmately 5-nerved ; lower pair of veins marginal ; second pair turned 
upward and branching; middle nerve thick, simple, with close, thiek 
fibrillre in right angle to the veins; petiole thick, apparently long. The 
lateral veins branch twice, the marginal ones many times, in short 
divisions, curving along the borders in festoons. The leaf is wrinkled 
across by the pressure of the nervi lies; if representing a Ficus it belongs 
to the section of the Populinem. 1.'he petiole is thick from the base of 
the leaf downward. 

Hab,itat.-Golden. 
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FICUS TRUNCATA(,), sp. nov. 
Leaves oblong-ovate, truncate-cordate at base, obtusely-pointed, en

tire, undulate, penninerve ; secondary veins nearly parallel, distant, on. 
an acute angle of divergence, the lower pairs only slightly more open and 
opposite, camptodrome. The substance of the leaves is subcoriaceous; 
they are short-pet.ioled and some of them unequilateral; the lowest pair 
of secondary veins is from above the base of the leaves, and under them 
there are still one or two pairs of shorter, thin, marginal veinlet.s curving 
down ward and following the borders. The species is, for the form of 
the leaves, comparable to Quercus fagifolia, Gopp., of which we have 
specimens from Golden. But thenervation and areolation are far differ
ent, and similar to tha.t of Ficus auriculata, Lesqx:, to which, also, the 
species is relatetl by the general outline of the leaves. It may be a 
variety of it. 

Habitat.-Golden. 

PLATANUS RHOMBOIDEA, sp. nov. 
Leaves coriaceous, rhomboidal in outline, largest in the middle, cuneate, 

and entire from the middle to the base, slightly lobed with short, acute 
lobes, broadly-lanceolate to the point and strongly dentate, the acute 
teeth being nearly as long as the lobes and all equ·al; nervation plata
noid; areolation undistinct. This leaf might be considered as a young 
leaf or a form of Platan·us Haydenii, Newby. It difl'ers, however, greatly 
by its cuneate base, the sharp, broadly-lanceolate, long, equal teeth, and 
the thick, coriaceous leaves. The base is destroyed. 

Habitat.-Golden; communicated by .A. Lakes . 

.A.RTOCARPIDIUM OLMEDI1EFOLIUM(~), Ung. 
A single leaf, elliptical, acuminate, narrowed to the base, ' slightly 

unequilateral, penni nerve; borders obtusely unequally dentate, entire 
near the base, which appears slightly decurring upon the petiole; sec
ondary veins thin, parallel, more oblique on one side than on the other. 
Though this leaf is smaller than those figured by Unger, (in Fl. v. 
Sotzka, p. :-w, Pl. xiv, Figs. 1-2,) and by Heer, (in Fl. Tert. Helv., II, p. 
70, Pl. lxxxiv, Fig. 8,) I have scarcely any doubt about its identity with 
the European species. The surface of the leaf is crumpled; its sub
stance appears rather thin. Except the difference in size, there is no 
character indicating any kind of difference. 

Habitat.-Golden, A. Lakes. 

PISONIA RACEMOSA, sp. nov. 
Leaves small, entire, thickish, rather membranaceous, obovate, round

obtuse, gradually narrowed to a flexuous petiole, penninerve ; lateral 
veins, four pairs, on an acuteangle of divergence, p~rallel, curving quite 
near the borders; areolation ob::;;;olete; fruits or unopened b,uds("~) in 
bra,nching corymbs or clusters of 6-8 pedicelled, either erect or horizon
tal or pending achenia(~), which are slJort, narrowly ovate, acute, with a 
truncate base; pedicels filiform. This species is cloBely allied to P. 
eocenica, Ett., (Fl. v. Har., p. 43, Pl. xi, Figs. 1-22,) differing especially by 
its much shorter achenia(~) in more divided racemes. D'Ettinghausen 
compares the fruits(~) of his species to th·e unfolded buds or the ovaries of 
some Pisonia. In the American specimens, these ovaries appear like 
ripe small seeds, their tegument being a thin shell, and the inner sub
stance, transformed into coal, appearing as a small nutlet split in two. 
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Though these remains are referable to the same kind of vegetables as 
those pub-lished by D'Ettinghausen, their relation to the genus Pisonict 
is uncertain. 

Habitt~t.-Black Butte, very rare. 

CINNAl\fOniUl\f AFFINE, Lesqx. 
From the comparison of a large number of specimens representing 

various forms of .this species, (mentioned :first in Am. Jour. Sc., vol. 
xlv, p. 206,) it proves to be, as I supposed, a m~re variety of 0. Mis
si~sippiense, Lesqx., described in Trans. Phil. Soc., .vol. xiii, p. 418, Pl. xix, 
Fig .. 2. 

Habitat.-The species is common at Golden, and found in the whole 
thickness of the North American lignitic measures. 

DAPHNOGENE ANGLICA(~), Heer. 
This form bas been described from fragmentary specimens as Oinna

momttm Rossm,mssleri, Heer, in Report for 1872, (p. 379.) From a more 
complete leaf, it appears referable to Heer's species as described in Flor. 
Helv., (vol. iii, p. 315.) He says that the leaves are ovate-lanceolate, 
long-acuminate, triplenerved, with the middle and lateral nerves branch
ing, remarking still· that it differs from D. melastomacea, Ung., by the 
equilateral base of the leaves and the lateral veins at a more acute angle 
of divergence. In comparing the American leaf with Unger's species, 
the same difference is marked as that indicated by Heer, and it appears, 
therefore, that these leaves of ours are, if not identical, at least very 
closely allied to the Eocene species of · England. 

Habitat.-Golden, OazJt. Berthoud. · 

DIOSPYROS BRACHYSEP A:cA, Heer. 
·Leaves broadly oval or slightly obovate, obtuse, narrowed in a curve · 

to the base, entire, rather .membranaceous, but not thick; secondary 
veins alternate, curving to and along the borders, mostly simple or with 
few branehes, defleeted downward in reaching the middle nerve. Though 
this leaf is not in a perfect state of preservation, the details of areola
tion being obsolete, it agrees, in its recognizable ebaracters with Heer's 
description ·of the speeies in Fl. Tert. Helv., III, (p. 11, Pl., eii, Figs. 
1-14.) resembling especially Fig. 6 for its form and Fig. 2 for the nerva
tion or the distribution of the lateral veins. Leaves of the same kind 
ba\e been deseribed in Report for 1872, (p. 394,) from Black Butte. 

Habitat,___;_Sand Creek, Uolorado, A. R. Jliarwine. 

VIBURNUM 1\:t:ARGINATUM, Lesqx. 
This species is described from Black Butte, the only locality where it 

has been discovered till now, in Report for 1872, (p. 395.) By its size and 
the nervation of its leaves, it is related to Vibur·num giganteum, Sap., (Fl. 
Foss. de Sezanne, p. 370, Pl. ix, Fig. 1,) distinct, ho.wever, by the mo~·e 
tapering point of this last speeies, and the form of its triangular some
times double dentate teeth. The author remarks also the relation 
of his species to the American li viug V. lantanoides, and to V. erosum, 
Thb. of Japan, to which the species of Black Butte has still more affinity 
than the Eocene species of France. 

VIBURNUM LA.KESII, sp. nov. 
Leaf eoriaceous, round in outline, obtusely(1) trilobate (the upper part 

is br:oken,) with obtuse sinuses; serrate along the bor ers to near its 
26 G S 
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base, borders and teeth thicker and membranaceous or cartilaginaceons; 
three-nerved from the base, lateral nerves thick, much divided, divis
ions branching also like the secondary veins, which are nearly at equal 
distance from the primary ones and parallel, few, opposite, all the branches 
going up to the points of the teeth. The species has a close relation to 
Y. rnarginatum, so abundant at Black Butte. It has the same type of 
nervation, but is, however, very different by the thicker substance of 
the leaves, the thicker primary and secondary veins, the three-lobate 
form of the leaves, and the truly s~rrate (not dentate) borders. The base 
of the leaf also is abruptly turned downward or nearly truncate. The 
species is a very fine one, and it is regrettable that it is represented ~ts 
yet by a single fragmentary specimen. 

Habitat.-Golden ; communicated by A. Lakes. 

CoRNUS STUDERI, Heer. 
Leaves variable in size, entire, oval-lanceolate, taper-pointed or acu

minate, rounded in narrowing to the petiole ; lateral veins simple, par
allel, curving in passing up to near the borders, along which they join 
each other in festoons; fibrillae distinct, in right angle to the Yeins, or 
sometimes diverging upward. This species is represented by numer
ous leaves of different size, the largest at least 14 centimeters long, 
with 12 to 14 pairs of veins, (the base is Lroken~) the small leaYes only 
6~ centimeters long with 9 to 10 pairs of lateral veins. The lowest veins 
are always closer than the upper ones; these near the top become nearly 
parallel to the midrib. The substance of the leaves is thickish and 
somewhat coriaceous. 

H abitat.-Goldeu. It is also common at Evanston. 

CORNUS HOLMESII, sp. nov. 
The upper part of an ovate-lanceolate entire leaf, with secondar,y 

veins thin, very distant, alternate, much cu_rved in pasRing up in an 
acute angle from the middle nerve toward the borders. The point of 
the leaf is broken. 'l'hough the specimen is fragmentary, it represent~ 
evidently a Cm·nus specifically distinct from the other fossil species by 
t,he great distance of the secondary veins. By this character only it is · 
dista_ntly related to C. Buchi, Heer. · 

Habitat.-Bituminous shale, Coal Creek, Colorado, W. H. Holmes. 

00RNUS ORBIFERA, Heer. 
Leaves round or broadly oval, entire ; rounded upward to tbe point, 

and also downward to a short, curverl petiole; medial nerve thick; sec
ondary veins deep, though ·narrow, intlated at tlleir point of union to 
the midrib, which they join in a broad angle of divergence, arched in 
ascending to the borders. 'rhe substance of the leaves is thickish, the 
surface rough, secondary veins all simple, effacetl close to the borders, 
the lowest in right angle and marginal. The nervilles are close, oblique 
to. the veins, simple or branching. 

Habitat.-Golden. 

NELUl\:iBIUM 'l'ENUIFOLIUM, sp. nov. 
Leaves exactly round, peltate from the middle, small, 8 to 9 centimeters 

in diameter, of a thin texture, with flat, undulate borders; primary 
nerves 13, equal and at equal distance, thin or narrow, nearly simple or 
sparingly branching, crossed at right angle by nervilles, which by rami
fication form large square areas. The leaf shows the upper side some-
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what convex at the center. The species is represented by two leaves, one 
of whi~1 ·h is in a good state of preservation. · 

The ssential difference hetween this a.nd the next consists in the thin 
substa . ce .o(its leaves; the veins scarcely ramified, and their divisions not 
llalf as thick f the surface smooth, not roughened by the secondary and 
terth1.r - nervation, and one primary nerve the less. Differences of the 
same dnd are, however, remarked sometimes between leaves of the 
same species of otir time. In N. lutt;um, for example, the upper surface 
is generally smooth, and the nervation less distinct, while the lower 
one is coarse, with the veins apparently thicker; in the same species the 
tissue of the leaves is thicker and harder in the floating leavesthan in 

·those raised above w:;tter by longer pBdieels. The difference of one nerve 
. the less might also be considered as of no value for a specific distinction. 

However, in the , numerous leaves of N. luteurn, large · and small, the 
primary nerves are always of the same number-21. Both these· fossil 
forms have no trace of a middle nerve; at least this one bas none; but 
the lea\es representing the next described species has, between two of 
the veins, a split, which may represent the medial nerve or take its place. 

Habita.t.-Sand Creek, A. Gardner. 

NELUl\flliUM L.AKESIANUM, sp. nov. 
Leaves co~i·se, thickish, peltate, exactly round, with the petiole cen

tral; borders turu.ed down; center concave, regular; all the veins, (14,) 
equal in thickness, equally diverging from the center to the circum
ference, deeply marked, branclling near the borders, crossed by thick, 
flexuous nervilles at right angles and disjointed; surface rough. This 
species is represented by three specimens of the same form, two small 
leaves and a much larger one. They differ from N. Buchi, Ett., (Fl. 1\It. 
Prornina, p. 36, Pl. ii, Fig. 1,) by the central point of attachment of the 
petiole, the absence. of a thick branching principal or middle ner\e, &c. · 

A number of nuts or fruits, which I think referable to the same spe
cies, httve been found at the same localities as the leaves. They are 
cylindrical-oblong, truncate at base, with a smaU central mamilla, or 
round scar, representing the point of attachment at the base of the alve
oh:e of the receptacle; covered by a thin, shelly integument, and obtusely 
pointed. The point is crushed in all the specimens. They are compara
tively of large size ; nearly 2 centimeters long, 8 millimeters in diameter. 
The forms of these fruits is somewhat like that of those of our N. 
lutmt?n ; the;y are proportionally longer, however, the shelly surface is 
thinly lined or striate in the length; the basilar scar marking the point 
of attachment is 11 centimeters broad, slightly conical or convex pointed, 
with a rough surface. 

Babitat.-Golclen; .discovered and communicated by A. Lakes. 

1\f.AGNOLIA LESLEY.ANA, Lesqx. 
Represented by the upper part of a very large leaf, its widest part 9 

centimeters broad, rounded iu tapering to a point; lateral veins par
allel, distant, at unequal distance, at the same angle of divergence, and 
curving to and along the borders, as in the leaf described from Missis
sippi in Proc. Phil. Soc., (vol. xiii, p. 421, Pl. xxi, Fig.1.)' The more dis
tant of the secondary veins are separated by shorter, more open, ter
tiary veins, as marked upon the same figure. The tertiary nervation . 
and areolation are distinct, and evidently refer this fragment to a Mag
nolia. 

Habitat.-Golden. 
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. DOMBEYOPSIS TRIVIALIS, Lesqx. 
This species is described in H ayden's Report for 1872 (p. 380) from an 

imperfect specimen. We have now a nearly entire leaf, 3-palmately
nerved, round-square in outline, obtusely 3-5-lobed, the two lateral prin
cipal lobes short obtuse, the middle one broad, nearly round, base of the 
leaf deeply cordate or auricled, marked by two simple marginal veinlets 
coining out from the round point of attachment of the petiole, and de
scending toward the borders of the auricles. The three primary nerves 
are ramified, the lateral bearing two or three outside branches, the 
middle one a few alternate pairs. The nerves, at least the primary 
divisions, are craspedourome; their largest branches also ascend to the 
point of the lateral shorter lobes. Besides the a11alogy of form of this 
species with Ficus Dombeyopsis,. Reer, remarked in the first description, 
(loc. cit.,) its relation to D. tr·idens, Ludw., (Paleont., vol. viii, p. 127, 

\Pl. xlix, Figs. 2, 3,) is noticeable. • 
Habitat.-Golden, in the white sandstone overlying the lowest coal

beds. 

DOMBEYOPSIS . GRANDIFOLIA(~) . Ung. 
· A mere fragment, referable to this species described by Unger in Fl. 

v. Sotzka, (p. 45, Pl.. xxvii, Fig. 1.) This fragment shows six principal 
veins from the flattened top of a thick striate petiole, with -stro11g ner

. villes, eli vi ding in the middle of the space between the vei'!Js, and form
ing large, square, or polygonal areolre. The specimen is, however, too 
fragmentary to allow a satisfactory comparison. 

Habitat.-Golden, South Table Mountain. 

ZIZYPRUS DISTORTUS, sp. nov. 
Leaves large, membranaceous, entire, at least near the base, where only 

the borders are distinctly preserved, round obtuse, enlarged on the 
sides, abruptly rounded and slightly cordate to the petiol~, palmately 5-
nerved from the base; middle nerve simple, not branching; lowest 
. veins thin, merely marginal veinlets; middle pair of lateral nerves 
divided in 3 to 4 branches curving upward; nervilles close, numerous, at 
right angle to the middle nerve; petiole -comparatively long, 2 centime
ters. The nervation of this specits is similar to that of Z. pl~trinert,is, 
Beer, (Flor. Tert. Helvet., III, p. 76, Pl. cliv, l!.,ig. 31,) as marked upon the 
right side of the leaf; the secondary veins are, however, less numerous, 
more distant, longer, and in a more acute angle of divergence; the mid
dle nerve has no branches; and. the nervilles are closer, numerous, par
allel, and continuous from the middle nerve to the borders. The leaves 
are mostly unequilateral, or more enlarged on one side, and irregular in 
shape, either rounded or more narrowed to the base. · 

Habitat.- Golden. 

CEANOTHUS FIBRILLOSUS, Le~qx. 

Species described in Report for 1872, (p. 381,) from imperfect specimens. 
Others of the same kind have been obtained; one shows a deeply cor
date base, broader than any of the same species, 7 -nerved from the 
base; external veins merely marginal and simple, the lateral ones 
branching, especially in tb'e upper part of the leaf; surface crossed 
·by close, distinct uervilles, in right angle to the veins, continuous. 
This leaf is coriaceous, and does not show any trace of areolation; the 
nervilles are scarcely half a millimeter apart . . 
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Habitat.-Golden, BlackButte, &c., rare. 

RHAMNUS RECTINERVIS, Heer. 
A fragmentary specimen found at Coal Creek, Colorado, by A. R. 

JYiarwine, is referable to this species. The leaf is, however, shorter 
and broader,.than those representing this species from Black Butte, the 
Raton 1\fountains, and Golden. 

RHAMNUS GOLDIANUS, Lesqx. 
This species, described in Report for J 872, (p. 382,) is very common at 

Golden, and its numerous leaves, as seen from the specimens, are. ex
tremely variable. The small form is oval, obtusely or abruptly pointed, 
rounded at base to a short petiole; lateral veins close, 3 millimeters dis
tant, more or less ramified, especially in the middle or near the base of 
the leaves; nervilles nearly as thick as the veins, very close, and oblique 
to the veins. This form closely resembles Berchernia rnultinervis, Beer, 
differing merely by the narrower, more lanceolate form of the leaves, 
more rounded or cordate at the base, lJy the nervilles more oblique to 
the secondary veins, and by their divisions, the veins being all simple 
in Berchemia. To tbi's speeies is, perhaps, referable the small leaf from 
:Marshall, described as B. par·vifolia, Lesqx., in Am. Jour. Sci. and 
Arts, (vol. ~lv, p. 207,) I am unable to compare the specimens com
municated to me by Dr. J. Leconte, and now out of my hands. Two 
figures of these leaves, which were carefully made, do not show any 
trace of ramification of the secondary veins. 

Habitat.-Most abundant at Golden; the variety with large leaves 
has been found also at Black Butte. 

RHAMNUS INEQUALIS, sp. nov. 
Leaf ovate, lanceolate, apparently ronnded to the petiole, (point and 

'Qase of leaf destroyed;) medial vein turning to one side near the point; 
lmver secondary veins at an angle of divergence of 25o, and at a greater 
distance from the second pair, which is more open and parallel to those 
following it in ascending, all simple ; uervilles numerous, distinct at 
right angle to the vejns. Intermediate to the lower pair of secondary 
veins, and the more distant second pair above, there is a thick tertiary 
vein passing out to the middle of the leaf, and there anastomosing on 
both sides with. nervilles. By its unequal sides· and its nervation this 
fragment is related to R. (Eningen~is, Beer, (Fl. Tert. Hel v., III, p. 78, 
Pl. cxxiii, Fig. 31.) 

Habitat.-Golden. 

RHAl\INUS ALATERNOIDES, Heer. 
A very small leaf, 14 millimeters long, 7 millimeters broad, oval, 

pointed, narrowed to the base, distinctly nerved . by 5 pairs of lateral 
veins, the lowest opposite, the others alternate, cnrving near and along 
the borders, which are irregularly and distantly serrate. This leaf has 
the same form and characters of nervation as those of the species 
describedfby Heer in :b-,1. Tert. Helv., (III, p~ 78, Pl. cxxiv, Figs. 21-23,) 
being intermediate for the size between Figs. 21 and 22. The middle 
nerve is thick ; the lateral veins distinct and at irregnlar distances. 
' Habitat.-Golden. 

RHAMNUS :MERIANI\~), Heer. 
Leaf oblong, enlarging . graduaily from the rounded narrow base to 

above the middle, where it is abruptly acuminate and sharply and dis-
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tautly deptate; borders entire downward to the base; nervation camp
todrome; secondary veins parallel, in an acute angle of divergence, 
ascending nearly. straight to the borders, where they curve and w.hich 
they follow, entering the teeth by their rlivisions. From R. Meriani, 
Heer, as represented in Fl. Tert. Helv., (III, p. 82, Pl. cxxvi, Figs. 5-11,) 
this leaf differs by its oblanceolate or Ungulate form, the veins more 
strajgbt and on a more acute angle of divergence, and the borders entire 
from under the dentate acumen. There is, however, a marked differ
ence in form and nervation in the numerous leaves of this species, as 
figured by Heer, (Zoe. cit.;) therefore the separation into a, new species of 
this only leaf, whose characters are so closely related to those of the 
European form, is questionable. . 

' Habitat.-Black Butte; in shale, above the main coal. 

SPECIES OF THE SECOND GROUP. 

PoPULus .A.RCTIC.A., Heer. 
Tbis srwcies bas been already 1pentioned from the Washakie group, 

Medicine Bow, Carbon, &c., (Reports for 1871 and 1872.) but not de
scribed. l'he present form appears to be the most common in the Lignitic 
measures. Leaves coriaceous, entire or undulately crenate, ·round or 
more enlarged on the sides and reniform, obtuse, or obt11sely short-

. pointed, truncate at base; nervation 7-palmate from the top of the 
petiole; middle nerve crossed by strong nervilles at right angle, with 
two pairs of secondary veins in its upper part; inner pair's of basilar veins 
curving inward in passing up toward the point where they join the 
branches of the mid<lle nerve; lateral basilar veins ramified outside, 
.except the lowest pair, which is simple and marginal, all distinctly 
camptodrome. The two specimens from the locality indicated below 
have the same form of leaves as those in Beer's Fl. Arct. (Pl. ,T, Fig. 3,) 
one with the borders nearly entire, the others with crenulate borders. It 
appears generally distributed in the whole thickness of the Lignitic 
measures, except in the first group, where it has not yet been discovered. 

Habitat.-Troublesome Creek, Colorado, lvlitchQll. 

PLA'l'A.NUS DUBIA., sp. nov. 
This form, represented by a large number of specimens, corresponds · 

evidently with the description of P. nobilis, Newby., in Extinct Ploras 
of North America, (p. 67.) In this last species, however; t~e lateral and 
basilar nen-es are described as straight and parallel, terminating, and 
their branches also, in the teeth of the margins. In the new speci~s or 
variety, per contra, the leaves 'are perfectly entire, and the secondary 
veins and their divisions are all camptodrome, or curving near the borders, 
and following them in festoons. It is probable that this diiference is 
merely casual. One .of the specimens from Troublesome Creek shows 
th'e close secondary n·ins camptodrome along the borders of the inner 
side of the lobes, while on the outside a few of them teminate in small 
teeth, and are therefore craspedodrome. This remarkable species, which 
seems rather related to some southern forms of Araliacem than to Plata
nus, and which too is related by form and nervation to the Sassafras 
leave~ of the Cretaceous, bas apparently, like these, two distinct kinds 
of nervation and of border-leaves, resulting from the disposition of the 
secondary veins. 

Habitat.-The specimens, all presenting the same characters, are from 
Mount Brosse, Dr. Hayden; ·•\Villow Creek, Holmes; Troublesome Creek, 
Mitchel. The distribution of this species appears to be limited to few 
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localitie8, where its remains are generally in great abundance and exclu
sive of those of any other. 

LAURUS SESSILIFLURA, sp. nov. J - . 
A fructified narrow branch, bearing, attached to it, t equal distance , 

and sessile, four involucre or persistent calyces, nearl .. equally divided 
to near the point of attachment in four oblong lanceolate-obt.use sepals 
4 to 5 millimeters· long, diverging prosswise. The appearance of the re
markable fragment representing this -vegetable is not easily conceivable 
from a mere description. It is somewhat like a small branch of a Galium, 
with whorls of four thick, short, half-open leaflets, the two opposite 
unes on each side of the pedicel being joined to below the middle, and 
rounded on the other side to the point of attachment like split involucra! 
teguments. ~rhey are alternately placed upon each side of tbe pedicel 
and sessile. The same piece of shale bears some small oval-obtuse seeds 
or nutlets, obscurely striated in the 1ength, which seem to have been 
detached from these involucres. The relation of tllese fragments is appa
rently with some kind of Laurinece, like those described by Heer, (Fl. 
Tert. Helv., II, Pl. xc, Fig.17,) and also with the fruit of Benzoinantiquum, 
(same plate, Fig. 8.) The relation is confirmed by the presence upon the 
same specimen of a fine well-preserved leaf of Laurus, which I refer 
to the same species as L. sessilijlorus. It is small, narrowly-ellii)tical, 
blunt-pointed, narrowed to the base; secondary veins alternate in an 
acute angle of divergence; the upper pairs at equal distance and par
allel; the lower ones more .distant and on a more acute angle of diverg
ence, all camptodrome, following the borders in festoons, anastomosing 
by nervilles, which are numerous, in right angle to the middle nerve, 
forming large rectangular areas. This leaf also resembles that of Benzoin. 
antiquurn, Heer, (loc. cU., Fig. 2,) ·differing especially by the secondary 
veins more regular and still more distant. 

Habitat.-Evanston; shale, above the upper coal, Wm. Oleburn. 

PERSEA BROSSIANA, sp. nov. 

Leaves large, subcoriaceous, rigid, with entire, recurved borders, 
oblong-lanceolate, narrowed in a curve to a short acumen, and attenuated 
to a short petiole; nervation deeply marked; surface undulate or bossed 
between the secondary veins, which are parallel, on an acute angle of 
divergence; nervation and areolation of a .Lattrus. The form of the 
leaves is the same as that of L. Canariensis. The axils of a few of the 
secondary veins are marked by a small tubercle or inflation as in this 
last species, and also in the leaves of Daphnogene Heer-U, Gaud., but less 
distinct. 

HabUat.-Mount Brosse or Troublesome Creek, Dr. HcJ.;yrlen. 

OrNNAMOMU:M RosSl\'lASSLERI, Heer. 
Two leaves, subcoriaceous, entire,. or long oval, pointed(?), (broken,) 

narrowed to a thick petiole; palmately 3-nerved; lateral veins thin, 
obsolete from above the base of the leaves, curving at a distance from 
the borders in following them upward. 

The details of nervation are very undistinct, and the species not posi
tively identified. The leaves resemble especially those represented un
der this name by Unger, in Fl. Radoboj, (Pl. 1, Figs. 10, 11 ;) the lat
eral veins, however, seem to approacll nearer to the border in the 
American form. • 

Bab'ita,t.-Troublesome Creek, lV. B. Holmes. 
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. 

he specimens exactly represent the species as deseribed from Black 
Bu te, (Heport for 1872, p. 396 ;) the large leaves, with obtuse teeth or 
UI:l · ulate borders; the smaller leaves, more aeutely lobed and dentate, 
representing apparently Vitis tricuspidata of Heer. In all the leaves the 
base is truneate, and one of the speeiruens shows them to be long-petioled. 

Habitat.-Willow Creek and Mount Brosse. · 

CORNUS IMPRESSA, sp. nov. 
'Leaves thiek, eoriaeeous, entire, deeply impressed into the stone, reg

ularly elliptical, rounded to a ve~y short, searcely marked aeumen, 
rounded also to the base, which is broken; secondary veins on an aeute 
angle of divergenee, slightly curving in ascending to the borders, reg
ularly camptodrome, simple or rarely branching once near the point, 
and anastomosing in festoons alqng the borders with strong nervilles; 
these are in right angle to the middle nerve, mostly simple and contin
uous; the upper veins abruptly join hy a curve the point of the middle 
nerve. This distinct species is related to Oornus orbifera by the form of 
the leaf, which is, however, more elongated, and by its strong nervilles, 
whieh are, however, more distant and less ramified; it also differs from 
it by the lateral veins curving at a <listance from the borders, and less 
numerous. 

Habitat.-Mount Brosse, Colorado, Dr. Hayden. 

ACER TRILOBA.TUlVI, Al. Br. 
Leaf hroa<lly oval in outline, round-cordate at base, 3-obtusely 

short-lobed, and obtusely dentate on the borders, whieh are erased and 
undistinet; nervation 5 palmate, the lower pairs of basilar nerves being 
mere thin marginal vein lets; middle nerve branching from the middle ; 
secondary veins in an aeute angle of <livergence; areolation similar to 
that of A. trilobatum as figured by Heer, (Flor. Tert .. Helv., III, Pl. exiii, 
Fig. 8.) Prom all the forms of this species, however, the leaf differs by 
the base roun<led and more deeply cordate, and by shorter obtuse teeth 
and lobes. The middle lobe is broadly taper-pointed. The leaf is also 
comparable to A. Sismondi of Gaudin. 

Habitat.-Troublesome Creek('1) The specimen is without label, but 
mixed with those of this locality. 

THIR.D GROUP. 
None of the localities referable to the third group bad been visited by 

any member of the explorations of Dr. Hayden in 1873, and no new 
materials have been add.(~d to the tlora of this group ~ince the publica
tion of the Report for 1872. 

SPECIES OF THE FOURTH 9"ROUP. 

S.A.LVINIA CYCLOPHYLLA, sp. not'. · 
Lea( nearly round, slightly cordate or truncate, 21 millimeters long, 

25 millimeters broad, therefore slightly reniform, very entire; lateral 
nerve on a broad angle of divergence, or nearly in right angle to the 
straight half-round middle nerve, searcely thicker than their divisions or 
the nervilles, which, erossing the areas in various direetions, form an ir
regularly quadrate or polygonal areolation. This speeies does not com
pare with any fossil one known as yet; it is related by its size to 
S. Reussi, Ett., (Bil. Pl., p. 18, Pl. 1, Fig. 21,) and by the areolation to 
S. reticulata, Beer., (Fl. Tert. Helv., III, p. 156, Pl. cxlv, Fig. 16.) 
Habitat.~Middle Park, Dr. Hayden. . 
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LYCOPODIIDi PROMINENS, sp. no1v. 
Stem or branch slender, dichotomous; divisions short, erect, slightly 

open, distant,-2 centimeters long; leaves alternate or in spiral, cylindri
cal1 inflated to the more or less acute point, apparently connate at the 
narrowed base, 4 to 5 mil1imeters long, half a millimeter broad, half 
open, some of them curved outside. With the sterile branch, the spec
imen bas a somewhat obscure ftagment, apparently a crushed fruiting 
ear, whose surface is rough or gtanulate. It is, however, too obscure 
for positive identification. j 

.Habitat.-Elko, Nev., Prof. Cope. 

EQUISETUM WYOMINGENSE, sp. ~ov. . 
Fragments of stems, equally GJ.istinctly striate, 2 centimeters broad, 

articulate, bearing at the articulations whorls of thickish long rootlets . 
• These stems or rhizomas, evideht1y referable to Equisetum, are in pro
fusion in the shale a.t the cut fobr miles west of Green River Station; 
but none of the specimens have any remains of a sheath or of lPaves 
and branches. This form is cordparable to E. Braunii, Beer., (Fl. Tert. 
Belv., III, p.157, Pl: cxlv, Fig. 29.) On the American specimens, how
ever, the rootlets are in fascicle~ , diverging star:like, much longer and 
thicker than in Heer's species ;I at least 1 millimeter broad and 5 to 6 
centimeters long. I 

Habitat.-Green River. 

TAXODIUM DUBIUM, Sternb. 

The species is represented by a large number of fragments or branches 
with disticbous, linear, short, obtuse leaves, narrowed and rounded to 
the point of attachment, sessile. This form is rather comparable to 
T. dubium as described and figured by Beer in Fl. Arctica, (Pl. ii, 
Figs. 24, 26,) than to the variety . T. distichum-miocenioum, represented 
in Spitz. Fl., (Pl. iii,) whose leaves are slightly narrower proportionally 
to their length. · 

Habitat.-Elko Station, very abundant, Prof. Cope. 

GLYPTOSTROBUS EuROPEUs, .AI. Br. 

Only two small branches are referable by their size and the form and 
disposition of the leaves to this species. Some of the leaves are lingu
late, short, appressed, mixed with Iinear-lanceolate-pointed, open, and 
longer ones. The fragments are small, and do not bear any cones. The 
shales of the same locality are, however, marked by irregular, generally 
round-oval cavities, which appear to have been made by the impressions 
of cones of this species. 

Habitat.-South Park, .Castello Ranch, Dr. Hayden; near Florisant, 
Prof. Cope. . 

SEQUOIA ANGUSTIFOLIA, Lesqx • 
.A short diagnosis of this species is given in Report for 1872, (p. 372,) 

from specimens from Elko Station. It was sent this year in a large number 
of specimens, from the same localit~T especially, and all the specimens 
bear the same character. Leaves comparatively narrow and pointed, 
decurrent at base, half open or even nearly erect; seeds large, round
oval, truncate, at the slightly enlarged base, rounded at the top. It 

1 
is comparable to S. NordenskiOlai, Beer, of the Spitzbergen Flora, (Tab. 
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iv, Figs. 4-38,) differing by longer, narrower, more acute leaves, and by 
the larger seeds, quite round or obtuse, not pointed upward. The same 
character, the large size of the seeds, separates this species from S. 
La,ngsdorjii, · which it resembles somewhat more l>y the form of the 
leaves; these, however, are still narrower than in any of the numerous 
forms of this species. · 

Habitat.-Elko, Prof Cope. Two specimens, with more open, shorter 
leaves, but equally narrow, come from Middle Park, Dr. Ha,yden" 

SEQUOIA. LANGSDORFII(~), Brgt. 
Only a small fragment, identifiable with this species, as figured. by Heer, 

(A.rct. In., U, p. 464, Pl. xliv, Fig. 2.) It is not possible to ascertain 
identity from such a fragment. It, however, shows the t~o forms of 
leaves as in the quoted figure. There is also from the same locality a 
small branch with lateral simple branch lets, bearing short, linear, pointed 
leaves, similar to those of S. Coutsim, Beer, (loc. cit.: Pl. xli, Fig. 
10\) except that :..U the leaves are erect. not curved inward. This may 
be still referable to S. Langsdorjii, though the lea.ves are shorter and 
more acutely pomted. 

Habitat.-Elko Station, Cope; the var., Middle Park, Cope and Hctyden. 

PINUS POLARIS, Heer. 
Leaves very long proport ionally to tlwir narrow size, 1 millimeter 

· broad, 6 to 7 centimeters long, obtusely-pointed; medial nerve thick 
and broad ; lateral veins thin but distinct, three -or four on each side. 
As far as the leaves indicate it, these fragments represent, indeed, Beer's 
species, as described in Fl. Spitz., (p. 39, Pl. v, Figs. 18, and. I5b-15d.) 
There are, however, no seeds indicating relation to the same species. 
The shales are covered with crushed fragments .of conifers, scarcely dis
cernible,. and, therefore, mostly undeterminable. Among these are wings 
of coniferous seeds similar to those which the same author figures asP. 
stenoptera, (same plate, Figs. 21, 23.) . 

Habitttt.-South Park, near Castello Ranch, Dr. Hayden, Florisant, 
Prof: Cope; . 

The shale of South Park, Middle Park, and Elko station have a 
quantity of crushed remains of conifers, leaves, cones, separate 'scales, 
and seeds, which may be described · hereafter with figures, but whose 
description without illustration would be incomprehensible for the 
reader and useless to science. 

ACORUS AFFINIS, sp. nov.(~) 
Stem thick, evidently striate or nerved by parallel, distant, thick 

veins; bearing a ~road, short, crushed ear, with seeds placed in parallel 
or ~piral rows, and whose form is undistinct. The species is related to· 
A. brachystachys, Heer, (Spitz., Fl., p. 51, Tab. viii, Fig. 7,) which has 
been described already from Creston and from Carbon, (Report for 1872, p. 
385 ;) differing by its larger stem, with more distant and thicker strirn, 
and its broader ear, which is crushed and somewhat indistinct, though 
of the same form. The seeds, apparently trigonal in form, are flattene.:l, 
and in rows, which rather seem parallel than in spiral. The form is 
still specifically uncertain. 

Habitat.-Florissant, South Park, Prof. Cope. 
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PoPULUS RICH.A.RDSONI, Heer. 
Leaves petioled, broadly ovate or nearly round, tTuncate at the base, 

deeply obtusely crenate, 5-nerved from the base; primary nerves flexu
ous, branehing in right ar)gle or at a broad angle of divergence; sub
stance thin or not coriaceous. Of the six specimens representing leaves 
of this species, none is preserved in its \.Yhole. Though fragmentary, 
however, enough is1eft to recognize the essential characters and identify 
the species. 1'he leaves are variable in size, from 4 to 8 centimeters in 
diameter, some narrower, more elongated, ovate truncate or slightly 
emarginate to the petiole. From P. arctica, it differs essentially by the 
tllinner substance of the leaves, and by the deeply-crenate · borders. 
Some of. the obtuRe teeth are longer and narrower than represente<l in 
the figures of this species, (1?1. Arct., p. 98, 'l'ab. iv, vi.) 

Hctbitat.-Elko, Prof. Cope. 

SALIX MEDIA, AL Br. · 
The species already described from Green River specimens, (in Sup

plement to Report for 1871) is represented still by two others, which, 
also, have riot preserved any trace of nervation, and are identifiable 
only by the form of their leaves. • 

Habitat.-Elko, Prof. Cope. 

MYRICA CoPI.A.N.A., sp. nov. 
Leaf lanceolate, t aper-pointed, 10 to 11 centimeters long, 3 centimeters ' 

broad, doubly and deeply serrate, with alternate longer and shorter 
acute teeth, penninerve; nervation craspedodrome; secondary veins 
open or nearly in right angle to the middle nerve, passing up to the 
point of the larger teeth, with thinner, shorter tertiary veins between 
tllem, ascending to the point of the shorter teeth ; all curving slightly 
upward in entering the teeth. This fine species, represented as yet by 
a single specimen, is distantly related to .Myrica GTaejfii, ·Heer, (Fl. 
Tert. Helv., III, p. 176, Pl. cl, Figs. 19, 20 ;) the leaf of the Amer
ican species being, however, twice as large, the teeth turned outside, 
sharp, pointed, &c. The same specimen bears some alate seeds of a 
conifer, like those descdbed by Heer in Spitz. Fl. as Pinus -abies. 

Habitctt.-N ear Florisant, South Park, Prof. Cope. 

MYRICA .A.CUMIN.A.T.A., Ung. 
Leaves coriaceous, with smooth surface, linear-lanceolate-acuminate, 

dentate; nervation camptodrome, obsolete. These leaves, compared to 
Unger's species as tigured in Fl. of Sotzka, (Pl. vi, Figs. G-10,) appears, 
indeed, identical with it. But the author says of his species, (p. 30,) ser
raturis equalibus, minimis, approxintatis, a character which .is in dis
accord with the figures ( loo. cit.) and with tllat of our specimens: 
This character, however, is of little importance in regard to identifica
tion; for one of our specimens, representing a long, acuminate leaf, has 
equally serrate border on one side, while on the other the teeth are 
close ancl unequal. As far as it can be seen, the secondary veins appear 
close, straight to the point of the teeth, and on an acute angle of diver
gence from the middle nerve. From another locality a set of specimens 
represent the same species under the same form and nervation, but with 
much smaller, narrower, and shorter leaves than those figured by Unger, 
and also than the first ones described above. 

Habitat.-Middle Park, Dr. Hayden, one mile west of Florissant, South 
Park, Dr. Pectle. 
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MIRICA UNDULA'l'A:, Heer. 
Leaf membranaceous or subcoriaceous, small, 3~ centim(jters long, (the 

ROint· and base are destroyed,) 1 centimeter broad, linear-oblong, with 
deeply-undulate borders; nervation camptodrome; lateral veins open, 
joined by curved fibrillm nearly in right'- angle to the veins, forming by 
ramification a small poly,gonal' areolation; the· direction of the second
ary veins intermixed with shorter tertiary ones, their mode of curving 
to and along the borders, and the areolation, are of the same kind as in 
the leaves of Myraca (Diandra) undulata, Beer, (Fl. Tert. Helv., III, 
p. 188, Pl. cliii, Figs. 22, 23.) The American leaf is in its size and 
its tapering base exactly similar to Fig. 23; its undulations are only 
more definite. I consider it as identical. 

HabUat.-Elko, Prof. Cope. · 

MYRICA LA'l'ILOBA, Heer, var . .ACU'l'ILOBA. 
Leaves membranaceous, linear-lanceolate or oblong-lanceolate, pin

nately deeply divided in large, pointed, triangular lobes, narrowed to a 
short petiole; secondary veins distinct, craspedodrome, open, ascend
ing to the point of the lobes; tert.iary veins under the same degree of 
uivergence, cu:.ving along the borders, and· anastomosing with pinnate 
branches of the secondary. ones. This species is represented by one 
fragment only, showing the lower part of a leaf, bearing three lobes 
on one side and only one on the other. In Beer's species, (Fl. Tert. 
Helv., III, p. 176, Pl. cl, Figs. 12-15,) the leaflets are more obtuse or 
less pointed than in the American leaf, which also ditfers by a somewhat 
longer pe~iole. This form is apparently a mere variety. 

Habitat.-M:iddle Park, Colorado, Dr. Hctyden. 

MYRICA PARTI1'A, sp. nov. 
Leaf subcoriaceous, linear, narrow, one centimeter broad, alternately 

equally lobate; lobes distinct to the base, turned upward, broadly lan
ceolate, narrowed to a short point, denticulate along the lower side and 
near the point of the upper border; secondary vein ascending to the 
point of the acumen; tertiary veins parallel, shorter, passing up to the 
lower teeth in anastomosing by nervilles in right angle to the second
ary vein; areolation round-polygonal, small. Like the former, the spe
cies is represented by a fragment only. It is distantly related to the 
following. 

Habitat.-Elko, Nevada, Pt·oj. Cope. 

MYRICA (COMPTONIA) BRONGNAR1;I(~), Ett. 
;Leaf coriaceous, linear, narrow, half a centimeter broad, alternately 

pinnately obtusely dentate; nervation obsolete, pinnate, camptodrome; 
~econdary veins simple. It is not possible to positively recognize the 
nervation of this leaf, which, by undulation of its surface ,correspond
ing with the teeth, has the facies of a small branch of conifer. It re
sembles some of the leaveR published in Ett. (Haring Flor.) as Diandra 
Brongnarti, especially that of Pl. xix, Fig. 20 ; tlte lobes, however, being 
less deeply parted, qr like mere obtuse teeth, though the appearance is 
that of a lobate leaf. 

Habitat.-Elko, Prof. Cope. 

ULMUS 'l'ENUINERVIS, sp. nov. 
Leaves thin, very unequal at the base, deeply cordate on one side, 

tapering on the other to the middle nerve, half a centimeter higher up; 
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oblong or ovate, lanceolate, taper-pointed, unequally serrate; lateral 
veins thin, flexuous, or curved to the borders, craspedodrome, simple or 
branching. The species is closely allied to U. Bronnii, Heer, which Mas
salonga considers identical to his U. ajfinis. Ours differs by thinner, 
more distant, lateral veins, by its shorter petiole, and the more acute 
teeth of the borders. None of our living .American species is compar
able to it. 

Habitat.-Middle Park, Dr. 'Hayden. 

PI,.ANERA LONGIFOLLA, Lesqx. • 
This species bas been briefly described in Report for 1872, (p. 371.) The 

collection bas received a large number of specimens from Middle Park, 
representing it in its varivus forms. The leaves are generally ovate-lan
ceolate or merely lanceolate, more or less acutely, and all equally simply 
dentate; lateral veins simple, strong, going straight up to the point of the 
teeth, under various degrees of divergence; petiole 5 millimeters long, 
thickened to the base. The leaves vary in length and width, being gen- . 
erally smaller and narrower tllan those of P. Ungeri. Captain Berthoud, 
however, has sent me sketches of leaves of a Plctnera, one of which is22-
centimeters long and 2 centimeters broad, therefore broadly oval, with 
sharp teeth, exactly like the leaf published by fleer, (Arct.Flor. II, Pl. xlv, 
Fig. 5a) asP. Ungeri. This leaf is so different in facies from all those which 
I have seen and used for the description of the .American species that I can
not consider it as representing the same. I have, therefore, to admit that 
two species are represented in the Upper Tertiary measures of the Rocky 
:Mountains, at least till I have ·Seen the specimens or recognized inter-
mediate forms. . 

H abitat.-Elko and South Park. The last specimens were sent by 
Dr. Ha,yden. 

QuERCUS ELKOANA, sp. nov. 
Leaves subcoriaceous, flat, ovate, taper-pointed or acuminate, 8 to 10 

centimeters long, rounded and narrowed to the base, (broken,) doubly 
serrate, with teeth alternately long, irregular, sharp-pointed, and one 
or two small ones at their base; nervation pinnate; lateral veins simple, 
parallel, craspedodrome, (straight or srarcely curving in passing up to 
the borders; fibrill::e thin; a.reolation same as that of Fagus feronice, which 
this leaf resembles, aml to which it could be referable but for the large 
size of the regular and regularly-pointed teeth. The substance of the 
leaves is thicker than in this last species. 

Habitat.-Elko, Prof. Cope. 

QUERCUS NERIIFOLI.A, Beer. 
Only a fragment of an oblong-lanceolate, entire leaf, with distinct ner

vation; secondary veins at right angle to the middle nerve, branching 
and effaced near tbe borders, with intermediate shorter t ertiary 
veins, more or less oblique to the secondary ones. The form_, of the leaf 
is like that of Fl. Tert. Belv., (II, Pl.lxxiv; Fig. 4,) and the nervation simi
lar to that of Fig. 5. 

Habitat.-Near Florissant, west of Pike's Peak, Dr. A. 0. Peale. This 
locality may be referable to another group. 

FAGUS FERONIJE, Ung. 
This species is represented by a dozen specimens, representing the 

, eaves in their various forms, as figured and described by Ett. Bil. Flor., 

I. 
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(p. 50, Pl. xv, Figs. 12-20.) These leaves are variable in size, from 5 to 
8 centimeters long and proportionally broad, oval in outline, taper-pointed, 
narrowed downward and wedge-form to a long petiole, doubl)', irregu
larly, unequally serrate; nervation craspcdodrome; secondary veins on 
an acute angle of divergence, simple, straight; :fibrillre thin, in right 
angle to the veins; areolation composed of very small, irregularly square 
and polygonous meshes. The American form agrees by all its charac
ters with the leaves of the Bilin Flora. It differs, however, from Unger's 
figures (Chloris Pj'Ot., Pl. xxviii,) by the teeth of the borders more numer
ous and generally more accute, and by the longer petiole. 

H abitat.-Elko, Prrof. Cope. 

Frcus L.A.NCEOLAT.A., Heer. 
Leaves thickish, lanceolate, gradually tapering to a thick petiole, 

penninerve; secondary veins open, parallel from · the base, campto
drome ; nervilles close, in right angle to the secondary veins; areola
tion in small polygonal meshes. This species is represented by specimens 
of two localities. A.ll agree with the characters represented by the author 
~Flor. Tert. Helv., II, p. 62, Pl. lxxxi, Figs. 2-5,) the leaves being only 
somewhat smaller. · 

H abitat.-Florisant, South. Park, Cope; Willow Creek, Middle Park, 
Holmes ; Cut-off, west of Green River Btation, with :fish remains. 

Frcus JY:NX, Ung. 
Leaves coriaceous, linear-lanceolate, tapering to the petiole, penni

nerve; secondary veins open, close, numerous, thickish, straight to the 
borders, along which they abruptly curve. This leaf is comparable to 
some forms of F. multinervis, Beer, but still more to the leaf of Bil. Fl. 
(Pl. xx, Fig. 7,) referred by Ettinghausen to F. Jynx, Ung. The petiole is 
narrower than in F. multinerrvis . 

.liabitat.-Elko, Prof. Cope. 

DIOSPYROS COPE AN A, sp. nov. 
Leaf of medium size, 7 centimeters long and half as wide, broadly ob

ovate, entire, gradually narrowed down ward to a short petiole, rounded up
ward to an obtuse point; nervation penni nerve, camptodrome; lateral 
veins thin, distinct, the lowest in a slightly more acute angle of diver
gence, curving in passing to the borders, which they follow in anas
tomosing in double festoons, and separated by shorter tertiary veins. 
The nervation and the form and facies of the leaf are of a Diospyros; some 
of the leaves of our living D. Virginiana have about the same form, though 
generally broader, and rounded at the base. 

Habitat.-Elko, Pro;: Cope. 

FR.A.XINUS PR.lEDICTA, Heer. 
A. small leaf, broad in the middle, gradually narrowed to its base, 

(petiole broken,) and upward in the same degree in a long obtuse acu
men; borders slightly and distantly dentate; nervation camptoclrome; 
secondary veins curving upon each other in following the borders, with 
border-branches or veinlets passing up to the points of the very short 
and small teeth marked only from the middle downward; borders nearly 
entire upward. ·There is only one leaf representing this species; but it 
so much resembles those of Fl. Tert. Helvet., (III, p. 22, Pl. civ, Figs. 13, 
&c.,) that it is scarcely possible to doubt the identity of these forms. In 
the specimen described here, the nervation is perfectly distinct. 

H abitat.-Middle Park, Dr. Hayden. · 
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WElNMANNrA, Ros.JEFOLIA, sp. nov. 
A compound, imparipinnate leaf, with 3 to 5 pairs of narrowly 

elliptical leaflPts, obtusely pointed, rounded to the sessile base, the 
terminal leaflet only short-petioled, obtusely serrate toward ti-re point·, 
tmtirr from the middle downward; medial nerve thick, half-round; lat
eral veins and areolation obsolete; rachis half-round, narrowly margined. 
The dentation of the leaves is not distinct; some leaflets, separated from 
the rachis upon the same piece of shale, are smaller and have entire 
borders. I refer this leaf to the genus lfeinmannia on account of the 
likeness of these remains with living species of this genus figured in 
Fl. v. Haring by Ettinghausen, (Pl. xxiii, Figs. B, C.) In these· 
American forms, the rachia is not alate; it is so, however, jn W. Glabra, 
DO., whose leaflets, though much smaller, have the same form. In the 
leaves of this genus, the secondary nervation is also mostly obsolete or 
scarcely distinct; the surface being generally covered with villous hairs. 
In the fossil species, the base of the leaflets seems to bear a thick tuft 
of hairs. The specimens are very fine. 

Habitat.-vVest of Florisant, Dr. A.. C. Peale. 

SAPINDUS ANGUSTIFOLIUS, sp. nov. 
Leaves compound, imparipinpate~ ; rachis thick, flat, but not winged; 

leaflets linear-lanceolate, entire, unequilatera1, larger above the base at 
the upper side, tapering gradually upward to a slightly reflexed or 
straight acumen, rounded and narrowed to a very short margined peti
ole or sessile; nervation and areolation of the genus. The leaf bears 
about 6 pairs of alternate leaflets; the upper lateral oneR erect along the 
terminal, the others baH' open. 'rbis species is representetl by a large 
number of specimens. 

Ha.bitat.-Mi.ddle Park, Dr. Hayden; near Florissant, South Park, 
Proj: ()ope. · 

SAPINDUS CORIACEUS, sp. nov. 
I...~eaflets thick, ·large, oblong-lanceolate, entire, with borders reflexed; 

slightly unequilateral and scythe-shaped, ~hort-petioled; middle nerYe 
thick; secondary veins open, scarcely discernible; surface polished. 
This species is distinet by the thickness and leathery texture of the 
leaves, which are long comparativel,y to their width. All the leaflets 
are isolated or separated from the main rachis. 

Habitat.-Elko Station, Prof. Cope. 

STAPHYLEA A.CU~IINATA, sp. nov. 
Leaves trifoliate, at the top of an elongated common pedicel; lateral 

leaflets opposite, rounded to the short-petioled base, ovate-lance~late 
acuminate, crenulate to near the base~ medial or terminal leaflet longer
pointed, attenuated to the base, with a longer pedicel; secondary Yeins 
alternate, camptodrome, curving to and along the borders, with slender 
ramifications entering the teeth. The areolation of this leaf, the form 
of its leaflets and their relative position, &c., are similar to those of the 
living American S. trifoliata., L. The species merely differs by the 
longer tapering point of the leaflets and the short petiole of the mid
dle one; the divisions ofthe borders are of the same kiw.d. 

Habitat.-Middle Park, Dr. Hayden. 

!LEX SPHENOPHYLLA(?), Heer. 
A very small leaf, 12 millimeters long, 7 millimeters broad, oval, 

rounded in narrowing to the point and to the base; distantly acutely-
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dentate by three or four pointed or spinulose teeth on ea.ch side; sec
ondary veins opposite, craspedodrome, simple, passing up in a slight 
curve to the point of the teeth. The identification of this leaf with 
Beer's s.pecies, .represented (Flor. Tert. Helv., III, p. 73, Pl. cxxii, li'ig. 24,) 
by still smaller leaves without any trace of nervation, is uncertain. 

l:labitat.-Middle Park, Dr. Hayden. 

lLEX SUBDENTICULAT.A; sp. nov. 
Leaves coriaceous, linear-lanceolate, acuminate~ (point broken,) irreg

ularly denticulate from the middle upward withsmall,sharp-point-ed teeth; 
penninerve; lateral veins distant, opposite, curving up under an acute 
angle of divergence from the middle nerve, and at a distance from the 
borders, forming, by anastomose with the veins above, a double festoon 
along the borders, and entering the · teeth by outside, small branchlets. 
This species is closely related to I. denticulata, Beer, (Flor. Tert. Helv., 
III, p. 72, Pl. cxxii, Fig. 20,) differing, however, by the taper-pointed or 
acuminate form of the leaf; the more numerous teeth descending lower on 
the borders; the more distant and all opposite secondary veins, which 
curve farther inside and at a more acute angle of divergence, &c. The 
nervation is, however, of the same type. The same ~Sha~e bears a small, 
round, crushed fruit, representing, apparently, a pulpy berry, bearing 
one or two ovate-pointed seeds similar to~hose of this genus. The berry 
is-5 millimeters wide; the seeds 12: millimeters broad near the rounded 
base, and 3 millimeters long. 

Habitat.-One mile west of Flotisant, Colorado, Dr. A. 0. Peale. 

lLEX UNDUL.AT.A, sp. nov. 
Leaf narrowly oblanceolate, pointed, tapering downward to a short 

petiole; borders undulate, obtusely dentate in the uppe:r; part of the 
leaf, entire from the middle; nervation of the same type as that .of the 
forrner. It may represent a variety of the sa~e species. 

Habitat.-This specimen is . without label; mixed with those of Middle 
Park. 

P ALIURUS FLORIS.ANTI, sp. nov. 
Leaf small, 2~ centimeters long only and 1 centimeter broad, ovate

pointed(¥), (point broken,) rounded at tbe base to a short, thick petiole, 
slightly cre_nulate all around, triple-nerved; lateral primary veins from 
above the base of the leaf curving up and following quite near the bor
ders to above the middle, where they anastomose with the lowest pair of 
secondary veins, also opposite; all cur-ving along the borders, campto
drome. The leaf has the same areolation as tlwse .of P. aculeatus, Lam., 
of Europe, from which it merely differs by its round base, the lower veins 
closer to the borders, and . the secondary veins from the middle only of 
the leaf and nearly opposite. 

Habitat.-Near Florisant, South Park, Prof. Cope. 

RHUS(~) DRYMEJ .A, sp. nov. 
Leaves narrowly lanceolate, acuminate, equally acutely serrate, penni

neive; lateral veins close, numerous, simple, craspedodrome, parallel 
from the base, on an acute angle of divergence; areolation in primary 
quadrate rectangular areas, divided into small irregular quadrate or 
polygonal areolre. I doubt that this form, represented by numerous well
preserved thickish leaves, may be referable to a species of Rh1.ts. It is com
pq;rable to Quercus lonchitis, Ung., in Fl. of Sotzka, (p. 33, Pl. ix, Fig~ 1); 

' 
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the leaves, however, are smaller and generally unequilateral, either nar
rowed to the short thick petiole or rounded to it, at least on one side, 
like the leaflets of a compound leaf. 

Habitat.-Middle Park, Dr. Hayden .. 

RHUS HAYDENII, sp. nov. 
Leaf pinnately divided in alternate linear or lanceolate, acute, entire 

leaflets, from a broadly alate rachis, tow hich they are joined in decurring; 
terminalleafletofthesamesizeandform; nervation pinnate,camptodrome. 
This fragment of a compound leaf represents a fine and remarkable spe
cies. It is about 5 centimeters long, with a broadly-winged rachis 3 
millimeters wide on each side of the thin, middle nerve, with three pairs 
of alternate leaflets 4 to 6 millimeters broad, 2~ r,entimeters long, lance
olate, obtusely-pointed, nearly at right angle to the ma.in rachis, which 
they join by an acute sinuB in the upper side and a decurring base on 
the lower one. The camptodrome nervation is similar to that of R. 
copallina, L.; the alar tissue of the rachis is also marked by forking par
allel veinlets, as in the sanie species. 

Habitat.-Middle Park, Dr. Hayden. 

PTEROC.ARYA AMERICANA, sp. nov. 
Fragment of an oblong-lanceolate leaflet, slightly scythe-shaped, with 

crenulate border, and camptodrome nervation. The outline of the leaflet, 
though the lower and upper parts are destroyed, is, like the nervation, 
well defined. It. is comparable to the lmlves published by Gaudin, inOont. 
(I, p. 40 ,Pl. ix, Fig. 2,) under the name of P. JJ{assalongi. The substance 
of the leaflet is thin, the secondary veins more or less distant, curving in 
ascending to the borders, and following them in successive bows, anas
tomosing with branches of intermediate shorter veins; nervilles distinct, 
nearly at a right angle to the secondary veins. Except that the borders 
of this leaflet are not as deeply serrulate, and that the secondary veins 
curve nearer to the borders, there is not any noticeable difference between 
the American and the Italian form. 

Habitat.-Middle Park, ·Dr. Hayden. 

PODOGONIUM, species. 
The collection has, representing this genus, a capsule, with its pedicel. 

It is, however, broken in the middle, and its specific relation undiscern
ible. There is also, from another locality, a fragment of a Ungulate 
leaflet, with a close, thin camptodrome nervation, comparable to the 
leaves of P. Knor1·ii. Beer. · 

Habitat.-Middle 'Park: the leaflet, Dr. Hayden; the fruit, Flori
sant, South Park, D1·. Peale. 

CJES.ALPINIA(~) LINE.ARIS, sp. nov. 
A branch of a compound leaf, with a narrow filiform rachis, bearing 

seven pairs of small, opposite, linear leaflets, sessile, rounded to the point 
of attachment, sharp-pointed, concave or scythe-shaped at the upper 
side, thickish, without trace of nervation of any kind. I know nothing 
to which this fragment could be compared. It resembles a branch of 
distichous conifer ; but the mode of attachment of the leaflets, rounded 
to the base, all opposite; tlleir scythe-shaped form, &c., are at 
variance with the characters of conifers. It is distantly related to 
species of Owsalpinia, like Cadia varia, Heer, or some Acacia, like A. 

27 G S 
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parschlugiana, Heer, of the European Miocene, but remarkably distmct 
by the absence of a midrib, whose place is scarcely indicated by a de· 
pression in the middle of some of the leaflets. 

Habitat.-Florisant, South Par.k, Prof. Cope. 

ACACIA SEPTENTRIONALIS, sp. nov. 
Leaflet small, entire, coriaceous, rigid, with a rough surface; oblan

ceolate, rounded to a short acumen or mucronate, gradually tapering 
downward to the base; nervation pinnate; lateral veins very thin, aero
drome, sparingly branching, anastomosing by cross-veinlets in passing 
up to near the point where they curve toward the middle nerve. This 
leaflet is, for its thick, rigid substance and its nervation, comparable to A. 
rigid~, Heer., (Fl. Tert. Helv., III, p.133, Pl. cxl, Fig. 22,) differing, how
ever, by its form. 

Habitat.-South Park, near Castello Ranch, Dr. Hayden. 

LEGUMINOSITES, species. 
A smalllegumen, which is open, and shows its two valves, linear, ob

long, truncate, mucronate on one side, narrowed on the other to a short 
pedicel; substance cartilaginous; inner face smooth, shining. The exact 
form of this and the two following remains is not well comprehensible 
from mere description. 

Habitat.-Elko, Prof. Cope. 

rCARPOLITHES, species. 
An oblong-obtuse, flattened fruit, or nutlet, truncate at its base, some

what more enlarged on one side, marked from the base to above the 
middle by small strim, slightly diverging in ascending. 

Habitat.-West of Florisant, Dr. A. C. Peale. 

SEMEN, species. 
An agglomeration of four oval, small seed,s, 3 to 4 millimeters long, 

half as wide; obtusely-pointed, striate. 
Habitat.-Middle Park, Dr. Hayden. 

SPECIES WHOSE REFERENCE TO THE FORMER GROUPS . IS UNCERTAIN. 

LASTR...-EA STYRIACA, Heer. 
Fragments of ultimate linear pinnm, pinnately alternately lobed ; 

lobe's oval-obtuse, disjointed to near the middle, pinnately-veined; 
-veins 8 pairs, simple, curving inward in going ul) to the borders, thin, 
distinct. The speciss is represented by a number of fragments in silex, 
all very distinct. By the form of the leaflets and their nervation, they 
.are referable to this species, very common in the Miocene of Europe. 
"lhe pinnules, however, are somewhat more disconnected than seen in 
the figures, (Flor. Tert. ,Helv., I, Pl. vii-viii.) · 

Habitat.-Blake's Fork, Uintah Mountains. 

MUSOPHYLLUM COMPLICATUM, sp. nov. 
Stem thick, wrinkled-striate in the length, bearing imbricated and 

:amplectant leaves, folded upon another, especially near the point of union 
to the stem, opening in right angle, variable in size, obtuse; veins sim" 
pie, three-fourths of a millimeter distant, parallel ; crossed'in right angle 
by obscure veinlets. The stem divides at its base into thick diverging 
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rootlets, curving to an horizontal direction. ! Though the specimens 
representing this species are very numerous and very large, I could not 
obtain one showing exactly the size and the fotm of these leaves. They 
appear either folded a.round a thick stem, from which they diver ge, or 
on both sides of a thick rachis extending along[it like wings, two to three 
centimeters wide on each side. From the fact! that large specimens are 
covered by fragments of these leaves crushed and folded upon another, 
without any trace of middle nerves or peduncles, the leaves must have 
been of great size. 'rheir substance is not very! thin. The surface is per
place covered with an epi_dermis which shows the veins as crossed by 
veinlets at right angle. When the epidermis lis destroyed, this charac
ter is not observable'; it may, therefore, result of a wrinkling of the epi- · 
dermis. The species is related to Musa Bilinica, Ett., (Bil. ]'l. p. 28, Pl. 
vi, Fig. 11, and Pl. vii, Figs. 4-5 ;) differing, hbwever, by essential char-
acters. [ 

Habitat.-Roof-shale of a thin coal, witJ?. thr following species: 

SAPINDUS OB'I.'USIFOLius, sp. nov. 
1 Leaves compound, pinnate, apparently long; leaflets alternate, very 

variable in size, from 1-! to 7 centimeters long, and from 6 milli
meters to 3! centimeters broad, coriaceous, perfectly entire, sessile, un
equilateral, ovate-lanceolate, obtusely-pointed; nervation camptodrome ; 

· lateral veins at a broad angle of divergence, curving in passing up to the 
borders and following close along them by fa series of undulations ; 
areas large, equilateral; ultimate divisions otisolete. This fine species 
differs from any fossil published as yet. The [leaves have been appar
ently very large; some of the detached leaflets greatly differing in size 
from the few ones which were obtained still attached to the main rachis or 
pedicel. 

Habitat.-The same locality as the former; top of hills, apparently 
overlying the coal-bearing strata of Rock Springs, seen to the east, 
five to six miles distant. The clay beds of this locality, with, an 
abundance of silicified and petrified wood, the thinness and poor quality 
of the lignite beds, mark this place as referable to the Upper Lignitic 
measures. Though I worked at the locality for an entire day with a miner, 
I could not find in the shale any other distinct vegetable remains but 
the two species described here. As yet, we have nothing related to 
them from the lower lignitic flora. ' 

§ 4.-CLIMATE OF THE AMERICAN TERTIARY AS REPRE
SENTED IN ITS FLORA. 

That the flora of a country is in correlation to local atmospheric cir
cumstances; that ancient floras, too, bear characters which relate to the 
same cause, is an axiomatic as~:~ertion which does not need any discus
sion. In considering the development of vegetable types from the first 
apparition of land-plants, as .far as this origin is known, it has been ad
mitted also that the point of departure of the vegetation has been from the 
simplest organisms, passing up to more and more complex ones in as
cending the series of the formations. According to this principle, the 
first representatives of dicotyledonous plants, which seem to have made 
their appearance near the base of the Cretaceous, but which have not 
been remarked as yet,* have been theoretically considered as being of a 

"Professor Heer has, from the Lower Creta,ceous of Greenland, a leaf resembling a 
Populus, mixed still with J nrassic or Vv ealden types. . 
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very simple organization, or, so to say, in an adventive state of develop
ment, prepared in that way to rapidly undergo a series of modifications 
under every kind of physical influences. There is as yet ..scarcely any 
docum.ent in confirmation of this hypothesis and still less in contradic
tion of it. It is, in any way, adaptable to the explanation of some pecu
liar analogies remarked in the characters of the geological floras. . 

The vegetation of the Dakota group has a distant relation to that of 
the Upper Cretaceous flora of Enrope by i_dentity of a few of its species, 
especially ferns. But, as yet, little is known of the succession of the 
vegetable groups _during the European Cretaceous, and of the relations 
of plants to the geological divisions of that epoch; and though the an
alogies may become more marked by future discoveries or publications, 
it is only from the data furnished by the American Cretaceous flora that 
we can get some kind of criterion of the climatic circumstances which 
have marked its general characters.* The descriptions of the species 
of this flora and the details in regard to their relation, as published in 
our flora of the Dakota group, t evidently show its relation to a moderate 
climate, abbut of the same average degree as that of the _ middle region 
of North America. A number of Cretaceous genera are still represented 
in our arborescent vegetation. 

From the Dakota group upward, there is no trace of land-vegetation 
in the whole North American continent until we reach the Lower Lig
nitic formation. All the intermediate strata are marine, and the series · 
of animal remains, which they have preserved in great abundance, are 
uninterrupted and uninterruptedly Cretaceous in their characters as 
high as the Lignitic. Animal Cretac~ous remains have been found, 
as remarked formerly, even in shale overlaying Lignitic deposits. 
Now, in comparing fossil plants of the first or lowest group of the 
Lignitic, we should expect to find, merely considering its immediate 
succession to strata of Cretaceous age, a flora with some distinct anal
ogy to that of the Dakota group: most of its genera, some of its 
species, too. But it is not the case. Some genera, of course, are repre
sented in both floras, but by different types; and they do not have any 
identical species, nor even any closely-related forms. There is in the 
general character a kind of related facies; but specific types of the 
former floras seem to have been destroyed during the prevalence of the 
marine Cretaceous period, and above its fucoidal sandstone, even within 
its upper strata, and in connection with Lignitic deposits, there appears 
a new flora without positive relation with former vegetable types, 
and with but few of those of subsequent groups of plants or younger 
geological floras. This anomaly may be explained in two ways; either 
by supposing that during the prevalence of the marine formations, 
or by the submersion of the land, all the genera and species of the 
Cretace0us have been annihilated, and that a new generation of vegeta
ble types has covered the new land as fast as it appeared above the 
surfa.ce of the water; or that during the period of the ·marine Creta
ceom~, the climate bas been gradually modified, and that, therefore, the 
land at its first apparition has been invaded by a vegetation in harmony 
with the climatic circumstances governing this new epoch. This last 
supposition seems the only one admittable, the more so as it does not 
consider the hypothesis of a gen~ral destruction of vegetable types and 
of subit renovation of others or of the creation of a new vegetable world. 

*Two memoirs of the Lower and Upper Cretaceous floras of Greenland have been 
prepared and are now in the way of publication by Professor Heer. 

t Memoir on the fossil plants of the Cretaceous Bakota group of the United States, 
(1874.) . 
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But where have the new types come from, and where have they origi
nated~ 

The climatic difference indicated by the characters of the North 
American Cretaceous flora, in regard to that of the Lower Lignitic, may 
be exposed in degrees of latitude rather than by thermometrical figures 
c;>f au averag~ temperature. It is about the same as that between Ohio and 
South Florida. In the Lower Lignitic, the palms compose a large propor
tion of the flor~. This family of plants is still represented in our present 
flora by species of Ohammrops and Sctbal. But they mostly inhabit the 
shores of the Gulf of Mexico, in South Carolina, and especially South 
Florida. They are scarcely found inland. The highest nor.th station of 
Sabal is in the swamps, at the mouth of the Arkansas River, and here 
it is a mere dwarf, not above one to two feet high, vegetating under the 
deep shade of canes and swamp. trees. With palms the Lignitic has 15 
speci~s of Ficus of a type related to subtropical forms of this genus. 
Then .At·tocarpidium, Pisona, a number of Diospyrns, large-leaved species 
of Viburnum, ]}fagnolia, and Dombeyopsis, with Rhamnus, species of 
southern types. '.rhere is not., however, in the flora, any true tropical 
form; nor do I find any of the so-called Indo-Australian types. Oi1t
nctmomum and Laurus species are more numerous than in the Dakota 
group, but scarcely of a different type. The · distribution of these two 
genera, however, does not appear to have had a m<lrked relation to 
climate in the geological times. Diospyros and Magnolia are also rep
resented in the Dakota group, bt;tt the forms or species are very 
distinct and not as numerous. Many species of Rhammts of the 
Lower Lignitic are characterized, most of them at least, by thick, 
close secondary veins, rp.ferring these, for analogy, to the present R. 
Carolinian'lts and Berchemict volubilis, whose range of distribution is 
from Florida to North Carolina and South Arkansas. The difference 
of temperature is, therefore, in the average, equal to that marked 
in about 100 to 150 of latitude. It is, indeed, a small difference in con
sidering- the distribution of the floras of the Dakota group, and of the 
subsequent groups of the Tertiary, and jt would be easy to explain the 
gradual invasion of another kind of vegetation from a distance equaling 
the 15°of latitude upon the new land of the Tertiary, and after the dis
appearance of the anterior vegetable types, if only the pre-existence of 
such a flora was admittable. There is no difficulty to account for a 
higher degree of temperature for the Lower Lignitic in considering the 
flora of the Dakota group as a land-fiora, or at least as a flora covering 
the coast of an upland of wide extent, therefore under the influence of a, 
dry atmosphere. On the contrary, the Low€r Tertiary land emerging 
from an extended sea-surface, as low swamps, under a foggy or very wet 
atmosphere, should have its climate tempered in a proportional degree, 
and its vegetation an insular rather than a continental one. But this 
does not explain the disappearance of the more marked vegetable types 
of the Dakota group, and still less their re-appearance in the upper stage 
of the Tertiary. 

The flora of the second group*, especially characterized by the plants 
of Evanston and Spring Canon, preserves some relation to that of the 
:first by the palms. Remains of plants of this family are, however, in this · 
second group, very rare, and represent mostly fruits, which, though 
identical with organs of the same kind found at Golden, Black Butte, 
and the Raton, with Saballeaves, may, however, belong to some other 
kind of vegetable. There is, besides, a diminished proportion of the 
leaves referable to subtropical types. vVith this the second group has 

*See above: Rema1·ks on species of the second group. 
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some species and representatiYes of genera which have been described 
from the DakQta Cretaceous, Ginnamomum Scheuchze·ri, Liriodendron, and 
Sassafras, and it bas 'also sume of its species ide~ tical with those of the 
Arctic l\Iiocene. Its facies, therefore, positively indicates a somewhat 
colder temperature than that of Lower Lignitic. 

With the third group, the palms have disappeared entirely, as well as 
tbe subtropical typeti of the Lower Eocene. Its flora has--also a Liquid
mnbar, L. gracile, closely allied to a Cretaceous species, L. ·integrifolium, 
and with this it has a more marked predominance of arctic forms or 
species identical with those of the Miocene of Greenland and Alaska, as 
seen in the remarks on the tables. The lowering of the temperature is 
there still more marked than with the second group. In the whole ex
tent of the Lignitic formations we can see, therefore, from the character 
of the successive floras, a slow decrease in the degrees of tempera
ture, accountable, it seems, to the diminution of atmospheric humidity 
in proportion to a gradual consolidation and drainage of the land. The 
same phenomenon is indicated by the deposits of Lignitic beds, which, 
though of as great ~hickness in the second and third groups, cover less 
extensive areas. · 

The facies of the flora of the fourth group evidently represents the 
colder climate of a mountainous region, by the superabundance of 
conifers as the essential constituents of the forests of that epocb. U 
has, besides, mans species of shrubs, Salix,JJ1yrica, Comptonia, llex, Rhus, 
which generally form the undergrowth of pine-woods, or border the 
swamps and streams intersecting them, and in accordance, a less pro
portion of tr-ees with deciduous leaves. This vegetation of the Upper 
Tertiary recalls by its character that of the Adirondacks of New York or 
of the Black Mountains of North and South Carolina, . where each knob 
is overgrown by one species of conifers, here and there intermixed with 
poplars, birches, sometimes oaks and beeches, and where the under
growth scarcely allows to penetrate in the dark recesses of the forests. 
As remarked in describing and comparing the species of this group, the 
flora of each place where fossil plants have been obtained is composed 
of some specie3 of conifers which are not represented at the other local
ities. lri the forests of the plains, conifers of a same kind are generally 
extensively and uuiformly distributed, covering wide areas, as in some 
parts of Europe and of North America, especially in the maritime pine
woods of the South and the northern forests of the cold plains of Canada, 
Norway, &c. But in the·mountains even at our time the forests are 
composed of numerous groups of a predominant species of conifers, 
represented in separate and limited areas, and varying in accordance to 
altitude, exposition, degree of declivity, &c. The limitation of conifer
species to different localities of our Upper Tertiary is thus characteristic 
of a mountain-flora. 

In ad mitting, as positively proved, the exact and constant relation of 
the flora of a country or of a land·surface with the climatic circum
stances of · the same localities, it is easily understood bow doubtful are · 
the conclusions taken concerning the relation of geological epochs in 
comparing the fossil floras of two continents. The four groups of our 
Tertiary are characterized by a succession of types bearing constant 
increasing analogy to those our present flora without the admixture of 
foreign vegetable forms, which imprint some local floras of Europe with 
peculiar and distinct facies. This indicates for this continent a long con
tinuance of the same climatic circumstances without notable modifi
cation. These circumstances have not been of necessity the same in 
Europe during the same period of time. There may ·have ~een, for ex-
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ample, at the epoch of the Lower Tertiary or Eocene, a higher tempera
ture, influenced by proximity to the sea, by its currents, by slanting 
areas exposed to the sun, &c., and of course a corresponding f:lora, 
Indo-Australian or tropical, &c., while, under different influ~nce, we had 
at the same epoch a more moderate temperature and a flora with homol
ogous types, related to those appearing later in Europe, when the tem
peratnre was at a lower cegree, in the upper Miocene epoch, for example. 
This explains, of course, the non-correlation of vegetable types at 
epochs which are recognized as synchronous by their animal fossils, and, 
therefore, contract our deductions of synchronism of strata, a~ indicated 
by identification of fossil remains, into more narrow limits. It is prob
ably for this reason that, in comparing the data furnished by our ancient 
floras with those of Europe, we have constantly recognized a kind of 
precedence of types which may be merely the expression or exposition 
of a difference of climatic circumstances at the same epochs. Of this, 
however, we have to learn a great deal more on those floras of old 
before we are able to take any reliable conclusions, and for this reason, 
also, it is of importance to limit our deductions on what we may learn 
in considering our North American fossil floras. 

Paleontological data, animal and vegetable, have demonstrated, for 
the geological times, as far up as the Lower Tertiary, or at least the Upper 
Cretaceous, a uniformity of climate over the whole north hemisphere, 
from the pole to the equator, if not over tbe whole world. The causes of 
this phenomenon are multiple and not yet satisfactorily explained. In 
the flora of the Dakota group, and also in that ofthe second and third 
groups of the TertiarJ', this isothermal facies is remarkably proved 
by identity of genera with those of the flora of the north, or as far 
up as remains of fossil plants have been fonnd, especially with that of 
Greenland. The Cretaceous flora of Come, described by Heer in his 
Arctic Flora, is represented only by species of ferns and conifers, which 
do not have any relation to the plants of the Dakota group, except per
haps by one single species, Sphenopteris Johnstrupi, which is compara
ble to Hymenophyllnm cretaceum. This flora of Come may be refer
able to a lower stage of the Cretaceous, as it bas no, remains of 
dicotyledonous leaves. In an upper flora of the same country, Profes
sor Beer finds mostly dicotyledonons leaves, and recognizes tbem as 
referable to many of the genera represented in our Dakota group. As 
the memoir of · those plants is not yet published, it is not known bow 
intimate the relation may be; but the generic identity is enough already 
to indicate analogous climatic circumstances in Greenland and N OPth 
America at this Upper Cretaceous epoch. The flora of our Lower Lig
nitic, the oldest of the American Tertiary, is as yet. without rela
tion with any northern flora known until now. But that of the second 
group and of the third are related, as remarked above, with the Miocene 
Greenland flora by a number of species and typical forms, which are 
characteristic enough to show that a same climate influenced at this 
epoch the vegetation of both countries. Therefore, from this, it seems 
that as far up as the Miocene period the isothermal zone extended from 
the tropic to the pole, or that at that epoch the same climatic circum· 
stances have governed the vegetation of the Nortp American continent. 

The relation of the floras to the climate being forcibly recognized in 
local differences, or analogies of vegetable forms, it suggests another 
question, that of the origin of the groups of vegetables characterizing 
either different stages of the Tertiary or different localities of the same 
epoch. 

Our flora of the Dakota group has for its essential representatives 
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(I consider dicotyledonous species only) leaves of a coarse coriaceous 
texture, mostly with entire borders. A character of the same kind is 
recognized in the flora of the Lower Lignitic group, whinh, like the former, 
has very few dicotJTledonous lea Yes with serrate borders, a large propor
tion of coriaceous leaves, and also species of Vib'urnum with borders of 
leaves equally cut by short-pointea teeth turned outside, a same kind 
of dentation exactly wllich is remarked in a few dentate species of the 
Dakota group. In the European Cretaceous flora, as represented by 
Oredneria, Ettinghausenia, &c., of the Quadersandstein of Germany, 
the leaves have afacies, which, though different in some points, could 
be, however, compared with that of a few species of our Cretaceous; -
for example, Ettinghausenia Sternbergii, Stiebler, or Phyllites repandus, 
Stern b., (figured in vol. ii, Tab. xxv, of Fl. der Vorwelt,) could be admitted 
as an original type of the multiple forms of Sassafras of the Dakota 
group. But when we look further and come to tlw floras of the lowest 
Tertiary of Europe, that of the lower Sezane for example, which, by the 
presence of Cretaceous and Tertiary types, seem to iudicatt~ a flora of 
transition between these two formati~ns, and is recognized as Lower 
Eocene, we find characters pointing out, I think, to a multiple kind of 
derivation. This Sezane flora bas its dicotyledonous types repre
sented by 21 genera, with 47 species, with more or less serrate or 
doubly-serrate and dentate leaves, and 11 genera, represented by 20 
species, with entire-bordered leaves; therefore, a large predominance 
of leaves marked by a character mostly absent from the Dakota group and 
Lower Lignitic American floras. Com;;idering this Eocene flora of France 
only, with its species of B etula, 2; Alnus, 3; Ulmus, 2; Populus, 1; Salix, 
3; Aralia, 6; Greviopsis, 5; Juglandites, 4; Oelastrites, 4; Rhamnus, 1; &c., all, · 
even Sal,ix , Juglandites, Rhamnus, with serrate leaves, it ~ould be rational 
to suppose tb~t the original types of tile dicotyledonous flora did repre
sent essentially serrate leaves; while we bad reason to admit a contrary 
conclusion from the characters of our Cretaceous and Ligniticfloras, whose 
types, even from the same genera, Juglans, Salix, Popul~ts, are represented 
by entire-leaved species. Also, in the dentate leaves of the North Amer
ican Cretaceou:3 and Eocene, the type is distinct. With very few excep
tions, these have the peculiar dentation remarked in the description of 
Grevi<Jpsis Haydenii of Nebraska, and of Viburnun marginaturn of Black 
Butte. I have compared t,his last species to V. giganteum of Sezane, but 
only for the size of the leaves and the character of the nervation, not for 
the division of the borders, as seen above; for the Sezane species hfts 
long, turned-upward teeth, some of them doubly dentate, a character in 
accordance with most of the other kind of leaves of this European group. 
How to account for discrepancies of this kind ~ Is the Sezane flora rep
resentative of a formation absent from the American geology, or not yet 
recognized in it; of a land-formation which, under different climatie in
fluences, could have harbored the same types as the Sezane ones, intro
duced by some kind of agency~ This is evidently not the case, as the 
series of the OretaGeons strata from t,he Dakota group to the Lignitic is 
uninterrupted, an.d espP.cially as both successive floras are related by 
a general character far different from that of the conternperaneous floras 
of Europe and of thOt:ift3 of intermediate epochs. Now, admitting that the 
succession of generic tspes indicates continuous development or multipli
cation of forms and characters in ascending from the lowest strata of the 
geological formations, shall we say that a single form or type or species 
has been at different times the first and only representative Qf each gronpt 
though wide and multiple in its representatives it may be now' Or, con
sidering merely the dicotyledonous plants, which make their first appear-
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ance at the beginning of the Cretaceous, are they all derived from the 
modification of a same lower form, developed at the same or at different 
localities under influences of the same kind~ I do not think it possible 
to suppose that the :first leaf representative of a dicotyledonous has ap
peared only at one place of the surface of the earth, nor that it has l.Jeen 
derived from a same organism over ' the whole w~rld, nor that the ex
ternal :first causes of modification have been the same. Therefore, even 
admitting the theory of successive transformation of vegetable types in 
a kind of ascending scale, it would be necessary to consider as multiple, 
local, varied in forms, the first dicotyledonous representatives. If this 
is true for the dicotyledonous plants, it has to be equally admitted for 
plants of a lower type. Simple as they were, then, in their characters, 
they did bold, as seeds do, all the future typical conformations of their off
springs, resultingofinfluences of divers natures; but as it is the case with 
seeds of different kinds, the result of their multiplication of growth 
should, of course, have been represented by groups of vegetables of dif
ferent characters. This would account for the diversity of floras of the 
same epoch at distant localities, or for the isolation and dissimilarity of 
types in the flora of two continents in synchronous formations. I believe, 
therefore, that the disaccord remarked in the floras of geological epochs, 
and which have been explained by displacement of floras, or what is 
called a wandering of species, may be, in many cases ,at least, attributed 

~ to diversity of original forms. The more we descend toward the so-called 
primitive vegetable types, or the more simple have been the organism 
of plants, the more easily they should have been modified under local 
influences. A change of climate of a few degrees, which might have 
caused the disappearance or extinction of some species of plants, should 
have forced the. deformation of others or the birth of new ones in a 
proportional degree. Though the intermediate links which connect 
ancestors and descendants in vegetable types are not always recogniza
ble, even in the oldest fossil floras, it is certain that all the groups have 
a general family-facies modified by some new and discordant forms of un
accountable origin. , In our Lignitic, the group of Evanston, for example, 
introduces to the Tertiary flora the serrate leaves, its Oarya, A.lntts, Be
tula, &c. That of Carbon comes after with Acer, Ulmus, .and other new 
types. Have they been brought up from Greenland, from Europe, or 
from another country, or have they appeared for the :first time where we 
:find them now~ They must have had their birth at some place, anyhow; 
and I do not see why this birthplace should not be accepted for the lo
calities where the types are recognized, rather than to suppose them 
born elsewhere and transported hereafter, adding to the problem a new 
proposition, which renders its solution still more difficult. As said 
above, the question is merely touched upon, as I do not wish to take 
ground either for or against the present system, now generally admitted', 
of the succession of species, or of their development by modification of 
form under any kind of influence. My purpose is merely to point out 
the importance of the study of our ancient North American floras, repre
sented by more homogeneous groups in a more regu.Iar succession, less 
di ven:d:fied by geological disturbances, and which, therefore, may afford 
some more reliable data for consideration. The history of the vegeta
tion of the earth is in intimate relation to that of the human races. 
The proverb, "All flesh is grass," is explainable in this way : that the 
vegetation of every epoch is in immediate relation to the synchronous 
beings ; that vegetable life comes :first and that animal life is dependent 

· from it; that therefore the history of the vegetation from its origin, or 
the vegetable paleontology, should not be left aside in considering, the 
successive phases of animal life in relation to the history of man. 





REPORT ON THE VERTEBRATE PALEONTOLOGY OF COLORADO. 

BY EDWARD D. COPE, A. M. 

PHILADELPHIA, July 12, 187 4. 
SIR: I send herewith a report on the stratigraphical relations and 

vertebrate paleontology of the formations which represent the Creta
ceous, Eocene, ]\Eocene, and Pliocene periods in Colorado, with a few 
species from other localities added. This essay is based on material 
collected by myself during a part of the summer and autumn of the 
year 1873, under the auspices of the geological survey of which you 
are director. This represents the following numbers of species from 
the respec~ive formations, to which I have added the number from 
each which is believed to have been first introduced to the knowledge 
of paleontologists : 

Formation. Total. New. 

Pliocene . . • • . • . • • • • • . ...................................... ....... . 
Miocene ...•.....•...•...•..•.••••••.•.••••..••••.• _ ••.•• . ••••...• 
Eocene. . . . . . •••..•.••. ~ •••••.•.•.•.••.•....••..•.•••.•••••.•.•.. 
Cretaceous .......••••••.•..••••.•••••••.•••••••••..•••..••••.••. . 

Total •••••...••••..••••••••••.•••••.•••••••••.• --- .• -.- ·- • · 

21 
75 
15 
38 

149 

9 
59 
7 

19 

94 

Hoping that the report will subserve the objects of the survey, I 
remain, with respect, 

Dr . . F. V. HAYDEN, 
Geologist in Charge, d1c 

EDWARD D. COPE, 
Paleontologist. 





CHAPTER I. 

INTRODUCTION. 

The water-shed between the South Platte River and Lodge Pole Creek 
is composed superficially of formations of the Pliocene epoch as defined 
by Hayden. The latter stream flows eastwardly through the southern 
parts of Wyoming and Nebraska, and empties into the South Platte 
near J ulesburgh, Nebr. The territorial and state boundaries traverse 
this water-shed from west to east. The springs on its southern slope, 
which form the sources of the northern tributaries of the South Platte, 
issue from beneath the beds of the formation above named. At or near 
this point is an abrupt descent in the level of the country, which generally 
presents the character of a line of bluffs varying from two to nine hundred 
feet in height. This line forms the eastern border of the valley of Crow 
Creek until it bends to the eastward, when it extends in a nearly east and 
west direction for at least sixty miles.* At various points along it, portions 
have become isolated through the action of erosion, forming " buttes." 
Two of these, at the head of :Middle Pawnee Creek, are especially conspic
uous landmarks, forming truncate cones of about 900 feet in elevation, 
as 1\fr, Stevenson, of the survey, informs me. They are called the Paw
nee or sometimes the vVhite Bu.ttes; near them stand two others, the 
Castle and Court-House Buttes. 

The upper portion of this line of bluffs and buttes is composed of the 
Pliocene sandstone in alternating strata of harder and softer consist
ence. It is usually of medium hardness, and such beds, where exposed 
on both the Lodge Pole and South Platte slopes of the water-shed, 
appear to be penetrated by innumerable tortuous, friable, siliceous rods 
and stem-like bodies. They resemble the roots of the vegetation of a 
swamp, and such they may have been, as the stratum is frequently .filled 
with remains of animals which have been buried while it was in a soft 
state. No better-preserved remains of plants were seen. The depth of 
the entire formation is not more than 75 feet, of which the softer beds 
are the lower, and vary in depth from 1 foot to 20. The superior strata 
are either sandstone conglomerate or· a coarse sand, of varying thickness 
and alternating relations; the conglomerate contains white pebbles and 
rolled Pliocene mammalian remains. 

This formation rests on a stratum of white, friable, argillaceous rock 
of Miocene age, probably of the White River epoch, as I believe, from 
the presence of the following species, which I detected in it: Hymnodon 
horridus, ,H. crucians, Oreodon culbertsonii, 0. gracilis, Pmbrotherium vil
sonii, Acera.theri1.tm occidentale, Hyracodon nebrascensis, Anchitheriu.m 
bairdii, Palmolagus haydenii, Ischromys typus, Mus elegans, &c. The 
formation extends to a depth of several hundred feet, and rests on a 
stratum of a fine-grained, hard, argillaceous rock of a dark-brown color. 
Some ·of its strata are carbonaceous, and contain vegetable remains 
badly preserved; others are filled with immense numbers of fresh and 
brackish water shells, including oysters. I do not know the depth of 
this bed, but followed it to the southward until it disappeared beneath 
the Loess of the South Platte. The age of this formation is identical 
with that which underlies the fresh-water basins of Dakota and Wyo
ming according to Hay9-en, and concerning which difference of opinion 

"See Berthoud, Procee1l. Acad. Nat. Sci. Phila., 1872, p. 48, where the bluffs are men
tioned. 
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exists among geologists. I, however, succeeded in procuring a nnm ber 
of fossil vertebrates from it, which not only proYe conclusively its Me
sozoic age, but its horizontal identity with the reptile-bearing Fo~t Union 
beds of the Upper Missouri. This formation, which has been usually 
regarded as Tertiary, I determined to be Cretaceous in 1869, and the 
present discoveries establish that view as correct. The fossils which 
are described in the following pages represent Dinosauria of three spe
cies, a crocodile, and several tortoises, identical specifically with those 
obtained by Dr. Hayden on the Missouri, Big Horn Rivers, &c. Some 
of the shells I submitted to Mr. Conrad, and he pronounces them to be 
Oyrenas. · 

South of the South Fork of the Platte, the Cretaceous beds have an · 
extensive development, and south of the Kansas Pacific Railroad contain 
some beds of pretty good coal. The high tract of land which extends east 
from the Rocky Mountains, and constitutes the u divide" between the 
waters of the Platte and Arkansas, is composed of Tertiary strata lying 
nearly horizontal. A few days' exploration among them revealed chiefly 
hard, coarse sandstones and conglomerates, which ·belong to the Monu
ment Creek group of Hayden. The more elevated ·hills nearest thE! 
mountains are capped by a light-colored trachytic rock, believed to be 
of volcanic origin. While it overlies the Monument. Creek formation, the 
sandstone of the latter not infrequently incloses angular fragments of 
a similar rock, showing that the outflow commenced prior to the period 
of its deposit, and continued subsequently. The age of the Monument , 
Creek formation in relation to the other Tertiaries not having been defi
nitely determined, I sought for vertebrate fossils. The most character
istic one which I procured was the hind leg and foot of an Artiodaotyle 
of the Oreodon type, which indicated conclusively that the formation is 
newer than the Eocene. From the same neighborhood and strattt'm, as 
I ha~e every reason for believing, the fragment of the J fegaceratops co
loradoensis was .obtained. This fossil is equally conclusive against the 
Pliocene age of the formation, so that it may be referred to the Miocene 
until further discoveries enable us to be more exact. 

Fresh-water strata of probable Eocene age were, however, detected 
by both Dr. Hayden's party and my own in the South Park. These 
consist of laminated argillaceous shal~s of soft consistency, in which 
great numbers of fishes and plant-impressions are preserved. The fishes 
are referable to only two species, A.myzon commune and Rhineastes pec
tinatus, and are described in chapter II. They are nearly related to 
species of the Elko shales and Bridger formation, and I suspect that 
their age is Eocene. 

From Trout Creek, near Fairplay, we procured a number of inverte
brate fossils of Lower Cretaceous age, a few of which are despribed by 
Mr. Conrad in chapter II. 

Thus it appears that, in Colorado as jn Dakota, the formations 
of the Loup Fork, White River, and Fort Union epochs are present, and 
display a similar succession of life, and that the corresponding horizons 
display identity in the generic and often specific forms of life. They also 
exhibit the same marked faunal distinctness from each other in Colorado 
as in Dakota, and the Colorado fauna displays the same strong diver~ 
sity from the Eocene fauna of Wyoming in respect to the genera, fami
lies, and orders which cap be com pared. 
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CHAPTER II. 

THE CRETACEOUS PERI D .. 

SECTION I.-ON THE MUTUAL RELATIONS OF THE C E1'ACEOUS .AND 
,'TERTIARY FOR1\'IA~IONS OF THE WES . 

The subject which it is proposed here briefly to disc ss is one which 
has excited considerable interest for several reasons. One of these is, 
that there exists some discrepancy in the evidences as the true age of 
beds at the summit of the Cretaceous period and bas of the Tertiary 
in the :Missouri and Rocky Mountain regions, and hen e a difference of 
opinion. Another is, that the question of continuity i topographical, 
and hence of faunal and floral, relations, will be largel elucidated by a 
proper determination of the beds in question, both geologically and 
paleontologically. I have endeavored to attain some results in the 
latter field in the department of Vertebrata, which are here presented, 
with some stratigraphical observations made at localities either little or 
not previously studied. 

Messrs. Meek and .Hayden have classified the vast thickness of the 
Cretaceous system, recognizing five epochs as quite distinctly defined. 
These.,are as follows : 

I. THE DAKOTA GROUP, (No.l.)-Thepresentlistdoesnotinclude any 
species as discovered in this formation. Developed on the Missouri and 
on the Rio Grande, New Mexico. 

II. THE BENTON GROUP.-Seen on the Missouri River by Hayden, and 
stated by him to extend to the Smoky Hill River, in Kansas, and to 
Texas. I have determined only three species from it, namely: Hypo
saurus vebbii, a crocodile; Apsopelix sauriformis, a clupeoid; and Pele
corapis varians, a ctenoid fish. Other species of fishes occur in the same 
formation in Kansas. 

III. THE NIOBRARA GROUP.-From the 1\iissouri, Kansas, and Texas, 
according to Hayden. Confirmatory of the last locality are remains of 
Pythonomorpha from that State, discovered and sent to me by Mr. A. R. 
Roessler. I have also described a species of .that order as common to 
Eastern New 1\'Iexico and Western Kansas ; and Hayden and Leconte 
state that it . appears north of the Arkansas in Southern Colorado. 
Vertebrate remains are abundant in this formation, and it has furnished 
a majority of those investigated by paleontologists. They are distributed 
as follows, among the orde,rs of Vertebrata : 

Aves: 
Natatores . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • • . • . . . . . . . • . . . . 2 
(') Saururce . • • . . • . . . . . . . . . . . . • . . • • . . . • • . . . . . . . . . . . . . . . . . . . . 2 

Reptil~a : . . · 
D~nosaur~a . • . . . . .. . • . . . . . . . • • • . . . . • . • . . . . . . . • • . . . . . • . . . . . . • 1 
Pterosauria . . . . . • . • . . • . . . . . . . . . . . . • . . . . . . • • . . . . . . . . . • . . . . . • 4 
Sauropterygia .......• ~ . . . . . . . . • . . . . . • . . . .. • . . . . • . . . . • . • . . . . . 3 
Testuclinc,ta . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . .. . . . . . . . . 3 
Pythonornor1Jha . •...•....•...•••............. ~ . . . . . • • . .. . . • . . 27 
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Pisces: 
lsospondyli ................................•.•.•.• · ....•• ~. 31 
·selachii . ...... ~ . . . . . . . . . • • . . . . . . . • . . . . . . . . . • . . . . . • . . . . . . . . . 10 

IV. THE PIERRE GROUP.-In Nebraska and Dakota, and Middle Colo
rado south of the divide between the waters of the Arkansas and Platte 
Rivers. Also the lower bed of Greensand of New Jersey. Besides the 
numerous remains of reptiles and fishes found in New Jersey, this for
mation contains saurian (mosasauroid) remains in Colorado. 'Veber 
River, Wyoming,* below the coal. 

V. THE Fox HILLS GROUP.-Extehded in Central Dakota; on the Ar
kansas and tributaries in South~rn Colorado ; and as the second Green
sand bed in New Jersey.f 

VI. THE FORT UNION OR LIGNITE GROUP. . 
With this epoch we enter debatable ground, and begin to consider 

strata deposited in brackish or fresh waters, which were more or less 
inclosed by the ~levation of parts of the Rocky Mountains and other 
western regions, and which are .therefore more interrupted in their out
lines than the marine formations which underlie them. Dr. Hayden 
has recognized and located a number of formations of this character, to 
some of which he has applied the name of" transition-beds.'' That the 
period of their deposit was one of transition from marine to lacustrine 
conditions is evident, and that a succession of conformities in position 
of beds may be traced from the lowest to the highest of them, and with 
the Tertiary strata above them at distinct localities, beginning at the 
south and extending to the north, is also proved by Hayden and others. 
It appears impossible, therefore, to draw the line satisfactorily wfthout 
the aid of paleontology; but here, while evidence of interruption is clear, 
from the relations of the plants and vertebrate animals, it is not identi
cal in the two cases, but discrepant. I therefore append a Sj'nopsis of 
the views expressed by authors, with a presentation of the evidence 
which is accessible in my department. I am aware that the combination 
I shall make is of a highly inflammable character, because it not only 
relates to the most combustible deposits of the West, but also to the 
"partie lwnteuse" of contemporary geologists and paleontologists. But 
should any inflammation ensue, I hope it will be attributed to the nature 
of the materials employed, rather than to any inattention on the part of 
the author to the ju~t claims of his friends. 

Hayden has named the following as distinct epochs of transitional 
character, all of which he originally referred to the Tertiary period. I 
give them in the order of age which he has assigned to them.f (1.) 
Placer Mountain; locality, New Mexico. (2.) Canon City coals, Southern 
Central Colorado. (3.) Fort Union, or Lignite group; Dakota, Montana, 
and Wyoming. (4.) The Bitter Creek series; embracing the Bitter 
Creek coals, Wyoming. (5.) Bear River group, Western Wyoming. 
To these may be added the Judith River beds of Montana, which Dr. 
Hayden bas placed with reservation below the Fort Union series, leav
ing their :final location for future discoveries. 

*Hayden's Annual Report, 1870, p. 167. . 
t For a review of the extinct reptiles of this epoch, see the an thor's Extinct Batrachia, 

Reptilia, &c., N. Am., 1870. 
:j: Geological Survey of Colorado, 1869, p. 90 .. 
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No vertebrate remains having come under the author's notice from the 
Placer }fountain and Canon City formations, no further notice can be 
here t~ken of them beyond the statement that they are, as Meek indi
f:l.i,~~""k'' of Cretaceous age, not far removed from the horizon of the coals 
of Weber River, Utah. The presence of ammonites and baculites above 
and below them has indicated such a conclusion to Leconte,* as it has 
in the case of the vVeber River beds to Dr. Hayden.t To near the same 
horizon is perhaps to be referred the coal observed by Professor Marsh± 

·on the south side of the Uintah ]\fountains in Utah, which were overlaid 
by strata containing Ostrea congesta. This may, indeed, be referred to a 

·still older period, as that oyster is characteristic of No. 3, according to 
Meek and Hayden. The Placer J.Ylountain and Canon City groups are 

(J:(:1fo,-t'cF
0tO No. 5, but the precise relation to it has not yet been deter

mined. I therefore proceed to the Fort Union group as No. 6. 
This extended deposit is stated by Hayden§ to extend from the Mis

souri Valley to Colorado, passing under Tertiary beds by the way. That 
this is the case has been confirmed by the researches conducted in the 
northern and eastern portions of Colorado during the season of 1873 by 
the writer.!! I present comparative lists of the vertebrate species known 
from the Platte and :Missouri Valleys in the respecti ye Teri'itories : 

COLORADO. 

Compsemys victus. 
Adocus lineolatus. 
Plastomenus punctulatus. 
Plastomen'us insignis. 
Trionyx vagans. 

* * 
* * 

Bottosau.rus perrugosus. 
Polyo·nax mortuarius. 
Oionodon arctatus. 
~ Hadrostturus occidentalis. 

DAKOTA. 

Compsernys victus. 
Adocus lineolatus. 
Plastomenus p1tnctulatus. 

* * 
Trionyx vagans. 
lschyrosaurus antiqu,us. 
Plesiosaurus occidU/us. 

* * 
* * 
* * 

Hadrosaurus occidentalis. 

The identity and correspondence of the species indicate that these 
remote localities contain the remains of the same fauna. ],urther, the 
p:resence of the orders Sauropteryg·ia and Dinosauria establishe's conclu
sively the Cretaceous and Mesozoic character of that fauna.,-r This 
reference Wfll~ made by the writer in 1869, and was at that time opposed 
to -the-views extant, both geological and paleontological. The following 
exhibits the state of opinion on this point at that time: 

1856. Meek and Hayden, Proceedings .Academy Philadelphia, p. 63, 
'referred them to the Tertiary. 

1856. 1\Ieek and Hayden, loc. cit., p. 255 ; Lignite referred to the Mio
cene. 

* Report on the Geology of the Smoky Hill Pacific Railroad Route, 1868, p. 66. 
t L!H~ !~ "'~ .Heport, 1870, p. 168. 
t See an interesting article by Prof. 0. C. Marsh on the Geology of the Eastern Uintah 

Mountains; Amer. Jour. Sci. Arts, March, ltl71. 
§ Annual Report, Colorado, 1869, p. 89. 
II See Bulletin of the United States Geological Survey, 1874, p. 10. 
~Two species are provisionally referred to t he Tertiary genus Plastomenus, but are too 

fragmentary for final determination. · 
28 G S 
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1856. Meek and Hayden, loc. cit., 113 ; referred to Lower Tertiary. 
1856. I.~eidy, loc. cit., p. 312; Thespesius occidentalis, (Hadrosaurus,) 

referred to the Mammalia and regarded as perhaps Dinosau.rian. 
1856. Leidy, loc. cit., 1856, p. 89; Ischyrosaurus referred to the 1.\Iamma

lia as a Sirenian. 
1860. Hayden, Transac. American Philosoph. Society, repeats former 

conclusions, and Leidy refers Thespesius more decidedly to the Sauria. 
1868. Hayden~ Amer. Journal Science Arts, 1868, p. 204; Lignites, re

garded as Tertiary, from both vegetable and animal rema-ins from the· 
Missouri and the Laramie Plains. 

1868. Leconte, Exploration of the Smoky Hill R. R. Route, p. 65; the 
Colorado beds are "older than those of the Missouri or G,r~at _Lignite 
bed of Hayden, which are probably Miocene," &c. · '""-1

·7""<-. . -

1869. Cope, Trans. Amer. Philos. Soc., pp. 40, 98, 243; supposed mam
malian remains proved to be reptilian, and the formation referred to the 
•Jretaceo us. 

1871. :Newberry, in Hayden's Annual Report, pp. 95,96; Lignite :flora· 
regarded as Miocene. · 

187 4. Cope, loc. supra cit.; Lignite of Northern Colorado referred to 
the same horizon. · 

The Judith River beds may be noticed in this connection .. Tti~ybave 
yielded but few vertebrate remains, namely, six species of Reptilia:- Four 
of these are Dinosauria, and hence diagnostic of the Mesozoic age of the ' 
formation. The presence of a species, Hadrosaurus mirabilis, Leidy, closely 
allied generically and specifically to a species (H. foullcei) of Cretaceous 
Nos. 4 and 5 of New Jersey, induces me to believe that the formation is 
Cretaceous, and such would appear to have been the suspicion of Messrs. 
Meek and Hayden when they orjginally described the deposit and its in
vertebrate fossils. Leidy suspected that the species ''indicate the exist
ence of a a formation like that of the Wealden in Europe."* Meek and 

, Hayden t remarked, "We are inclined to think with Professor J..~eidy tha~\ 
there may be at the base of the Cretaceous system a fresh-water forma
tion like the Wealden. Inasmuch, however, as there are some outliers 
of fresh-water Tertiary in these lowlands, we would suggest that it is 
barely possible these remains may belong to that epoch." From the 
stand-point of the writer, these beds would be at the top of the Creta
ceous, and more or less related to the Fort Union epoch. Mr. Meek ex
presses himse!ft cautiously with reference to the age of the Fort Union 
and Judith River formations, as follows: ''The oceurrence of" fossils 
specified ''at the Judith River localities would certainly strongly~{avor 
the conclusion not only that this Judith formation, the age of wllich has, 
so long been in doubt, is also Cretaceous, but that even the higher fresh
water Lignite formation at Fort Clark and other Upper Missouri locali
ties may also be Upper Cretaceous instead of Lower ·rertiary. That the 
Judith River beds ma:y be Cretaceous, I am, in the light of all now 
known of this region of the continent, rather inclined to believe. But 
it would take very strong evidence to convince me that the higher fresh
water Lignite series of the Upper Missouri is more ancient than the 
Lower Eocene. That they are not is certainly strongly indicated not 
only by the modern affinities of their molluscan remains, but alsif by the 
state of pres~rvation of the latter," &c. It is thus evident that the 
paleontologists as well as stratigraphers have continued to regard the 

*Proceedings Academy Philadelphia, 1856, p. 73. 
t Loc. cit., 1856, p. 114. 
t Hayden's Annual Report, 1872, p. 450. 
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Lignite series as Eocene and not Cretaceous, as is and has been main
tained by the writer since 1868. 

VII. THE BITTER CREEK SERIES, mentioned by the writer as a dis
tinct group in the Proceedings of the Ameriean Philosophical Society, 
1872, (published on August 12,) is apparently regarded by Mr. Meek 
also as representing a distinct epoch.* He says, ''The invertebrate 
fossils yet known from this formation are in their specifie relations, with 
possibly two or three exceptions, new to science and different from those ; 
yet found either at Bear River, Coalville, or, indeed, elsewhere in any 
established horizon, so that we can scarcely more than conjecture from 
their specific affinities to known forms as to the probable age of the 
roeks in which we find them." On this account, anu because of the 
grr-:J;t stratigraphical differences exhibited by the Bear River and Evans
ston coal-strata, I have followed Hayden in regarding the Bear Hiver 
group on the west side of the Bridger basin as representing a distinct 
series of rocks, with present knowledge. On this account I omit, as 
heretofore, allusion to determinations of age of the latter formation as 
irrelevant in discussing the age of the Bitter Creek epoch. t 

My own observations on the relations of these rocks, made during 
the summer of 1872, have been in measure anticipated by the detailed 
reports of Messrs. Meek and Bannister, t which, with the older observa-

• tions of Dr. Hayden and Mr. Emmons, (of King's survey,) ]eave little 
to be added. However, as none of these g£mtlemen paid especial atten- . 
tion to the vertebrate paleontology, the bearing of this department ill 
relation to the stratigraphy remains to be explained. 

As Dr. Hayden remarks, the Union Pacific Railroad, at Black Butt~ 
station, passes through a monoclinal val1ey, the rocks on both sides 
having a gentle dip to the southeast. This dip continues to the east
ward to near Creston, where the beds pass under the newer Tertiary 
strat~. Following the railroad westward from Black Butte, the same 
dip continues to near Salt Wells, where we cross an anticlinal axis, the 
dip of the strata being gentle to the northwest. There are minor vari
ations in the dip, but the. general result is as stated. · They disappear 
five miles east of Rock Spring statim1, beneath the latter beds of the 
Green River Tertiary, which at this point presents a line of strike ex
tending northeast and southwest across the railroad in the form of a 
range of bluffs of considerable elevation. They are composed of lighter
colored and softer material than the Bitter Creek strata. The latter 
consists of alternating beds of hard and soft sandstone, with argillaceous 
and carbor;tac~ous strata. The upper part of the series contains eleven 
coal-strata; at Hock Spring I was informed that the upper was ten feet 
in thickness, and the next four teet. Returning eastward, the heavier 
bedded sandstone is low in the series at Point of Rocks, in consequence 
of the southeast dip; and the upper beds are softer and abound in fossil 
shells. At Black Butte station, the heavy sandstone bed rlisappears 
from view toward the east, and the eleven coal-strata appear above it. 
About twenty feet above the sandstone, between two of the thinner 
beds of coal, the bones of the A.gathaumas sylvestris were found imbedded 
in leaves and sticks of dicotyledonous plants, cemented together by 
sand and cJay. Where the heavy sandstone bed disappears below the 
level of the track of the railroad, in the course of its eastern dip, a thin 

*Hayden's Annual Report, 1872, pp. 459, 461, published April, 1873. 
t This course bas been misunderstood by Mr. Meek and others as implying a design 

to ignore those determinations. Both Mr. Emmons and Mr. Meek are clear in the ex
pression of their conclusions as to the age of the Bear River epoch. 
~See Hayden's Annn'al Report, 1872, pp. 457, 525. 
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bed of coal just above it soon follows; then a bed of shells containing 
oysters, more and less numerous at different points, may be traced for 
some distance before it also disappears. Near the hitter point, a bed of 
melanian and other fr·esh-water shells is seen a f~w feet above thein. 

A section, carried for eight miles south of Black Butte station, exhib
its the relatioD of tile Bitter Creek series to the superincumbent Tertia
ries very instructively. The whole series rises slightly to the soutllward, 

., and more distinctly to the westward, so as to form an escarpment as the 
eastern border of an open valley, which extends south from the railroad 
iust west of the station. The heaYv bed of sand-rock is here as else
where the landmark and stratigraphical base-line. Moving south from 
the railroad, we keep .along the strike of the lower coal-beds. Just 
above the sandstone bed the softer stratum thickens, and six miles from 
the station is covered with the debris of immense numbers of Leptesthes 
crassatelliformis. ·Passing over the edges of the strata toward the south
east, I counted eight ·beds of coal, separated by various short intervals, 
the eighth being the heaviest, and five or six feet thick. Above this one, 
three thin beds of lignite were crossed in succession, each accompanied 
with an abundance of leaves of chiefly dicotyledonous plants. Then 
came the ninth bed of coal, and then in order three more beds of lignite, 
with abundant leaves. During this time the ascent became less steep, 
and a number of level tracts were passed before reaching the upper bed 
of lignite. Beyond-this I passed another short fiat, which was marked . 
by a number of worn banks of the light asll-color that distinguishes the 
material of the bluffs of the Green Rh:er Tertiarywhich overlie the coal
series near Rock Springs. I had not ridden a quarter of a mile before 
reaching a low line from which one of my men picked up a jaw of a 
small mammalian allied to the Bridger Hyopsodus, or Hyracotherium of 
the Eocene of France and Switzerland, and a number or Paludina-like 
shells. I bad thus reached the summit of the Bitter Creek formation, 
which did not appear to be much more than three hundred and fifty feet 
above its base at the railroad. In full view, a mile or two to the south, 
rose the first of the benches which constitute the levels of the Green 
River formation. Between this and the first' mammal-producing bed 
rose three banks, one beyond the other, measuring altogether one hun
dred and twenty feet; perhaps the lowest was ten feet above the first 
bank, and this one not more elevated above the last lignite and leaf bed. 
In all of these, I found bones of Green River Vertebrata exceedingly 
abundant, but all dislocated and scattered, so as to be rarely in juxta
position. These consisted of the following species: 
FISHES: . 

Olastes (~) glaber. 
REPTILES: 

Emys rnegaulax. 
Ernys pachylomus. 
Ernys euthnetus. 
·Tr'ionyx scut~trnantiquurn. 
Alligator heterodon. 

MA:MMALS: 
Orotheriurn vasacciense, and fragments of others too imperfect for 

determination. 

In the third bank, in immediate juxtaposition with the remains just 
enumerated, I found another thin bed of lignite, but this time without 
any visible leaves. In a fourth line of low bluffs, a little beyond, I found 



COPE.) PALEONTOLOGY--CRETACEOUS PERIOD--AGE. 437 

that remarkable mammalliietalophodon arm,atus, with its dentition nearly 
complete, in connection with fragments of other mammals and reptiles. 

Behind these rises the first line of white bluffs, already descr]bed, 
which extends away to the east; to the west it soon terminates in a 
high escarpment1 in north and south line with that of the Bitter Creek 
b~ds, already mentioned as bounding a north and south valley. This 
and the superjacent strata, ·which we pass over in gQing south, appear to · 
be conformable to those of the Bitter Creek series beneath them. I say ~ . 
" appear," for slight differences of dip are not readily measured by the 
eye ; J'et I suspect that the conformability is very close, if not exact, 
and similar to that mentioned by l\ieek and Bannister as exhibitPd by 
the beds of the Washakie group, which lie upon the coal-series east of 
Creston. · The white bluffs add perhaps one hundred feet to the eleva-
tion. On their summit is a thin bed of buff clay and sand rock, similar 
to the upper strata of the Bitter Creek series, and containing numerous 
shells and some scattered teeth and scales of fishes. I called ~fr. 
Meek's attention to the specimens of these shells which I sent him, and 
his reply was that most were of identical species with those of the coal-
series, Cretaceous, ancl that they presented no general peculiarity. 

At a short distance to the southward, another line of white bluffs 
extends across the line of travel. This is not more elevated. than the 
preceding one; I only found remains of tortoises on it. Several miles 
to the south we reach another bench, whose blu:ffy face rises four or 
:five hundred feet in buttress-like masses, interrupted at regular intervals 
by narrow terraces. This line is distinguished for its brilliantly-colored 

. strata, extending in horizontal bands along the escarpment. They are 
brilliant cherry-red, white, true purple, with a bloom-shade, yellow, and 
pea-green, forming one of the most beautiful displays I ever beheld. The 
lower portions are bright-red, which color predominates towa1;d the west, 
where the bluffs descend to a lower elevation. I found on them remains 

·of a turtle, (Emys euthnetus, Cope,) and some borings of a worm in a bard 
layer. On top of these are clay and slate rocks of a muddy-yellow color, 
with their various ledges rising to perhaps two hundred feet. Continu
ing now to the ~outheastward along the old stage-road, we cross South 
Bitter Creek at the old Laclede station. Some miles south and east of 
this point we cross a band of buff sandstones, forming a bluff' of fifty or 
more feet in elevation. Below it lie more white or ashen beds, which 
contain remains of mammals and turtles rather decaved. A short dis
tance beyond these, and forty miles from Black Bntte station, we reach 
the base of the enormous pile of sediment whi~h I have called the 
Mammoth Buttes. These form a horseshoe-shaped mass, the concavity 
presenting south and eastwardly, the summit narrow, serrate, and most 
elevated to the east, and desending and widening toward the south. 
I estimated the height of the eastern end to be at least one thousand 
feet above the plain surrounding it. Numerous mammalian remains* 
demonstrated that this mass is a part of the Bridger Eocene, although, 
as Mr. Emmons, of King's survey, informs me, no continuous connection 
with the principal area west of Green River can be traced. The total 
thickness of the Green River and Bridger formations on this section 
cannot be far from twenty-five hundred feet, at a very rough estimate. 

The point of transition from the Cretaceous to the Tertiary deposits, 
as indicated by the vertebrate remains, is then in the interval between 
the last plant-bed at the summit of the buff mud-rocks and the mam
mal-bone deposit in the lowest of the ash-gray beds. Below this Ii.ne 

* See The Monster of Mammoth Buttes; Penn Monthly Magazine, 1873, August. 
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the formation must be accounted as Cretaceous, on account of the pres
ence of the Dinosaurian Agathaumas syl·vestris; and those above it, as I 
have already pointed out, Eocene,* on account of the types of Mamma
lia contained in them. 

The authorities on the Bitter Creek formation have presented views 
more or less at variance with those entertained by the writer, or of such 
·dubious character as to fall very far short of the requirements of evi
dence. Dr. Hayden bas regarded them as Tertiary and as transitional 
from Cretaceous to . Tertiary. Mr. King, in his very full article on the 
Green River basin, definitely refers the lower part of the series to the 
Cretaceous, in the following language : t '' We have, then, here the upper
most members of the Cretaceous series laid down in the period of the 
oceanic sway, and quite freely charged with the fossil relics of marine 
life; then an uninterrupted passage of co~nformable beds through the 
brackish period up till the whole Green River basin became a single 
sheet of fresh water." He regards the line of the upper bed of oysters 
as the summit of the Cretaceous, and the superimposed beds as Tertiary, 
in the following language, (p. 453 :) "while the fresh-water species, 
which are found in connection with the uppermost coal-beds, seem to 
belong to the· early Tertiary period." He t.hus places the line some dis
tance within wbat I have regarded as the Cretaceous boundary; what 
the significance of this conclusion is will be subsequently considered. 

Mr. Lesquereaux, as is known, regards these beds as Tertiary, not 
only on account of their vegetable fossils, but also on account of the 
stratigraphic relations of the formation. His conclusion to this effect is 
"'Consistent throughout, and is a fact of the highest importance in this 
connection. 

Mr. Mee~ has fully discussed the age of this series in his interesting 
article in Hayden's Annual Repol't for 1872, the general tenor of which 
is indicated by the passage I have quoted from the opening of his re
marks in the beginning of the present notice of the Bitter Creek beds. · · 
His opinions may be cited as follows: In the Annual Report for 1870, be 
determined the beds visible at Hall ville as Tertiary ; in that of 1871, 
three species of oysters from other parts of the Bitter Creek beds are 
placed in the Cretaceous list, each one with question as to the identifica
tion of species, a point, it is to be noticed, equivalent in the case of 
oysters to question of the age of deposit. The remarks in his report, as 
well as those in Mr. King's report, refer either to the much lower Weber 
River coal or to the different area of the Bear River group, and are con
sequently noticed under that head. 

In a paper on the age of these beds, published August 12, 1872, the 
writer asserted the Cretaceous age of the series. On- this Dr. Bannis
ter, the companion of Mr. Meek, writest that ''Mr. Meek, and, I believe, 
Mr. Emmons also, had considered that these beds might be Cretaceous, 
but this was rather on account of the change in the fossil fauna from 
purely fresh-water, as in the characteristic Tertiary of this region, to 
brackish-water marine, and the specific affinities of a few of the fossils 
to California Cretaceous species, than from any very positive evidence. 
As far as I know, the only evidence of this kind is the identification by 
Professor Cope of the saurian remains found by us at Black Butte." 

It only remains to observe that the strata and coal of the Bitter Creek 
group of the Cretaceous are either wanting on the western and southern 

1f On Bathnwdon, an extinct genus of ungulates, Feb. 16, 1872, Hayden's Annuai 
Report, 1870, p. 431 ; Annual Report, 1872, p. 645. 

t Exploration of the Fortieth Parallel, p. 458. 
t Annual Report, 1872, p. 534. 
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borders of the Green River basin, or are concealed by the superincum
bent. Tertiaries. Instead of these, a comparatively thin bed of appar
ently unfossiliferous quartzite or sand~ton~ lies at a high angle against 
the bases of the Uintah* and Ham's Fork Mountains respectively, on beds 
of Jurassic age, which are probably Cretaceous No.1, (Dakota.) The beds 
obsepred by Professor 1\'Iarsh on the south side of the Uintah Mountains, 
on Brush Creek, belong neither to the Dakota nor Bitter Creek epochs, 
but perhaps toN o 3, if, as Professor Marsh asserts, the oyster found in a 
superjacent stn1tum is Ost'i'ea congesta, Con.; it is in any case of no later 
date than the Canyon City or Weber Biver coals. Hence the assumption 
of some writers that this discovery determined the age of the Bitter Creek 
series to be Cretaceous is without foundation in fact. 

VIII. THE BEAR RIVER GROUP of Hayden occupies, according to 
him, a distinct basin, to the west of an anticlinal axis, which separates 
it from that of Green River. It is buried under Tertiary bed~, the age 
of which bas been a question of interest, and will be hereafter considered. 
In order to determine the relations of the two basins, a section was car
ried across the rim of the eastern, starting from the Fontanelle Creek, 
eighty miles north of the Union Pacific Railroad, and continuing tmvard 
the upper waters of Ham's Fork of the Green River to the westward. 
My notes a-re as follows: 

The beds of the Green R.iver epoch dip gently from the point where 
my last notes left them near the Rock Spring station, toward the 
northwest all the way to Green River. The upper strata become slaty 
in chljracter, and descend to the water-level at the river, where they 
form a high bluff. In these slates occur the fish-beds discovered by D.r:. 
Hayden, as well as the insect-bedR noticed by Messrs. Denton and Rich- . 
ardson. They are worn into towers and other picturesque forms at 
Green Hiver City. (See H~.yden's .Annual Beport, 1870.) Pas~ing north 
fi:om the railroad, up the valley of Green Ri\Ter, the slates display a gen
tle dip to the north, and eighteen miles beyond have disappeared from 
view. On both sides of the river, huge mesas of the Bridger formation 
come into view; tho:se on the east extending to the Big Sandy R.iver, 
and those on the West to Ham's Fork. At Slate Creek, farther to the 
north twenty miles, a yellowish-brown sandstone rises into view, and 
continues to ·increase in importance toward the north. At the mouth 
of Fontanelle Creek, it rises on the east side of the river to a height of 
perhaps two hundred and fifty feet, but sinks toward the north and 
east from near the mouth of Labarge Creek, fifteen miles up the river. 
North of Labarge, a similar bed of sandstone rises again, and is imme
diately overlaid by white shales resembling those of the Green River 
epoch, which have here a great thickness. Opposite the mouth of the 
Labarge, their lower strata are bright-red, but on the west side of the 
river the sandstone only is visible. All the beds rise to the north, the 
red bed8 forming the summits of the cliffs in that direction. 

In passing up Fontanelle Creek to the westward, the heavy beds of 
bufl' sandstone gradually descend, and the white shales come into 
view. I examined the former for lignite and coal, but found none. 
There are several thin beds of a tough carbonaceous· material in the 
white shales, (which I take to be of the Green River epoch.) In the lower 
strata, in this locality as well as on the east side of Green River, above 
the mouth of Labarge Creek, are numerous remains of fishes similar to 
those of Green River City, with insects and their larvro, shells like Pupa 

,. See Hayden's Annual Report, 1870; Marsh, American Journal of Science and Arts, 
March, 1871. 
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and Cyrena, and millions of Cypris. 'Ihe ]arne are dipterous, some 
nearly an inch long, and others minute, and in prodigious numbers. With 
them are found stems of plants, but no leaves. These beds rise with a 
very gently dip; and twenty miles from the mouth of the creek terminate 
against steeply-inclined strata of earlier age . .At this point the lower beds 
exhibit the bright-red colors that are so often seen in the lower parts of 
the formation at other points. The uplifted beds form a ridge of ·high 
hills havinga north by east and south by west trend, through which the 
Fontanelle cuts its way in a deep calion. This range is monoclinal, the 
strata dipping 450 ~ast, and their outcrop on the summit and eastern 
face. The first bed which forms the surface of the incline is rather thin, 
and is composed of a reddish quartzite without fossils, no doubt of Cre
taceous age. Below it is a stratum of highly fossiliferous bluish lime
stone of Jurassic age, containing Pentacrinus aster'iscus, ~I. and H.; Tr·i
gon·ia,, &c. Below this a reddish sandstone presented a similar thickness, 
which may represent the Trian, which rests on a bluish-shale formation. 
We have now reached the base of the western side of the hills~ from 
their summit we have had a beautiful and interesting view of geological 
structure: The valley, of three or four miles in width, is bounded on the 
west side by a range of low mountains, whose summits are well-tim
bered. The valley is excavated at an acute angle to the strike of the 
strata, so that as far as the eye can reach to north and south successive 
hog-backs issue en echelon from the western side, and run diagonally, 
striking the eastern side many miles to the southward. At the cafion 
of the .Fontanelle, six of these hog-backs occupy the·valley, and the num
ber varies as we proceed down the valley. The structure change~ from 
the same cause as we explore in either direction. The dip of all these 
hog-back strata is to the west and slightly north, less steep at the eastern 
side, but reaching 450 and a still higher angle at the middle and west 
side of the valley. There appears to be an anticlinal near the base of 
the eastern range, which has been deeply excavated; from its western 
slope (in the valley) the upper beds, even in the eastern range, have 
been carried away, leaving only probable Triassic and Carboniferous 
strata exposed. In one of these latter I found a well~marked horizon of 
carbonaceous shales extending as far as I explored them. Toward the 
western side of the valley, the descending strata are sandstones, but 
whether identical with that of the eastern hills of Cretaceous age I could 
not ascertain. Lower down the valley (to the south) similar beds form 
a high vertical wall of very light color, the scenery resembling that of 
the Garden of the Gods in Colorado. I suspect that the existence of 
more than one fold can be demonstrated in these hog-backs and mount
ains. 

The result which bears on the history of the Bear River group is, that 
on this side of the Green River basin the Bitter Creek epoch is either 
wanting or represented by a thin layer of red quartzite, (or perhaps 
Cretaceous No.1,) and that no coal of Cretaceous age exists along its 
western rim. .After following the valley to Ham's Fork River, and pro
ceeding a short distance along it toward the southeast, I crossed a thin 
bed of coal in the upturned edges of the same beds crossed in the valley 
above. The discovery of the extension of the fish and insect beds sixty 
miles north of the principal localities is a point of interest in Tertiary 
geology. 

The Bam's Fork Mountains form the divide between the waters of 
Green and Bear Rivers respectively, and are passed by the Union Pacific 
Railroad at and west of Aspen station, as is described by Dr. Hayden, 
(Annual Report for 1870, p.149.) He here points out that the distinctness 
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of the ~;wo basins was marked during the Tertiary period, and hence 
J!ames the deposits of the western area the \Vahsatch group, regarding 
it at the same time as synchronous with those of the Green River epoch. 
The writer has attained the same opinion on paleontological grounds, 
and has hence employed the same name for both areas, namely, the 
Green River epoch.* 

As already stated,t the upper or red-banded Tertiary beds of this local-
ity yielded the following species: · 

Perissodactyle bones, two species. 
Orotherium vasacciense. 
Orocodihu;, sp. 
Alligator heterodon. 
Trionyx scutumantiquum. 
Emys testudineus. 

gravis. 
Olastes (~) glaber. 
Unio, two species. 

The lower sandstone beds yielded the following mammals : 
Bathmodon radians. 

semicinctus. 
latipes. 

Orotherium index.~ 
Phenacodus primmvus. 

West of the contact, of Bear River with the Tertiary bluffs, the strata 
consist of sandstone and conglomerates, and dip at about soo to the 
northeast. Five hundred feet vertically below the Bathmodon bed, a 
stratum of impure limestone crops out, forming t.he slope and apex of a 
portion of the bluff. In .this I found the following vertebrates: . 

Reptiles : Trionyx scutumantiquum. Fishes : Rhineastes calvus. 
Emys ? euthnetus. Olastes glaber. 

In comparing this list with that· given for the lower beds of the Green 
River epoch, where they overlie the Bitter Creek coal, such resemblance 
may be observed as is sufficient to indeiJti:(y the two series. 

This is the nearest to a determination of the age of the Evanston 
coal-bed, which Hayden regards as the ;most important west of the Mis
souri River~ that I have been able to reach. From the limestone just 
described to the coal-bed, two miles to the west, the strata are very sim
ilar in character, and apparently conformable, so that they appear to be
long to the same series. Dr. Hayden confesses his inability to correlate 
them with those of Bear River City and Weber River, but discovered 
remains of plants which were identified with some of those known to 
occur in the Fort Union beds, on the Laramie Plains, and the Upper 
Missouri. If this be the case to a sufficient extent, the Evanston coal 
must be referred to that division of the Cretaceous perio!I. T,bis con
clusion is, however, only proviRional, and Dr. Bannister's remarks* are 
much to the point. He says, ''In the upper beds oortbeast of Evans
ton," (the ones I describe above,) " there seems to have been a consider
able disturbance besides the mere tilting of the bed~::~, and from the altered 
direction of the strike § we were led to suspect considerable lateral dis-

* Proceedings Acad. of Nat. Sciences, 1872, p. 279. 
t Proceedings American Philosophical Society, 1872, p. 473. 
t Cope, Paleontological Bulletin, No. 17, 1!:l73. 
§Hayden's Annual Report, 1872, p. 541. 
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placement with faulting, which might very possibly cause the appearance 
-of the same beds both here and at the coal-mines, although at first sight 
these would appear much higher in geological position. * * * I do 
not know the grounds of Professor Cope's reference of the coal at this 
point to the Cretaceous, while he admits the Tertiary age at least of 
some of the overlying sandstones ; but as we found no break nor line 
of demarkation in the whole 2,000 feet or more which we examined, and 
found our fossils in coal-bearing beds immediately above and conform
able to the main coal, the facts, so far as they are known to me, do not 
seem sufficient for such identification."* This point offers, therefore, 
a more complete continuity in stratification and mineral character from 
the Cretaceous to Tertiary deposits than any other which I have had the 
opportunity of examining. 

CONCLUSION.t 

Having traced the transition-series of the coal-bearing formations 
of the Rocky Mountain region from the lowest marine to the highest 
fresh-water epochs, it remains to indicate conclusions. I have alluded 
but cursorily to the opinions of Mr. Lesquereux and Dr. Newberry as 
based upon the study of the extinct flora. They have, as is well known, 
pronoun ~ed this whole series of formations ~s of Tertiary age, and some 
of the b•Jds to be as high as Miocene. The material on which this de
termination is based is abundant, and the latter must be accepted as de
monstrated beyond all doubt. I regard the evidence derived from the 
mollusks in the lower beds and the vertebrates in the higher as equally 
conclusive that the beds are of Cretaceous age. There is, then, no alter
native but to accept the result that a Tertiary flora was contemporaneous 
with a Cretaceous fauna,t establishing an uninterrupted succession of life 
across what is generally regarded as one of the greatest breaks in geo
logic time: The appearance of mammalia and sudden disavpearance of 
the large Mesozoic types of reptiles may he regarded as evidence of 
migration, and not of creation. It is to be remembered that the smaller 
types of lizards and tortoises continue, like the crocodiles, from Meso
zoic to Tertiary time without extraordinary modification of structure. 
It is the Dinosauria which disappeared from the land, driven out or 
killed by the more active apd intelligent mal)lmal. Herbivorous reptiles 
like A.gathaumas and Oionodon would have little chance of successful 
competition with beasts like the well-armed Bathmodon and Metalophodon. 
There is good reason for believing that . this incursion of mammalia 
came from the south. 

It then appears that the transition-series of Hayden is such not only 
in name but in fact, and that paleontology confirms, in a highly satis
factory manner, his conclusion, '' already shown many times, that tbere 
is no real physical break in the deposition of the sediments between the 
well-marked Cretaceous and Tertiary groups." § 

*Hayden's Annual Report, 1872, p. 541. 
t See Bulletin U. S. Geol. Survey Terrs., No.2, p. 16. 
t The circumstance 6Jf the discovery of a mesozoic dinosaur, A.gathaumas sylvestris, 

with the cavities of and between his bones stuffed full of leaves of Eocene plants, 
(Lesquereux,) would prove this proposition to be true, had no other fossils of either 
kind ever been discovered elsewhere. 

§Annual report, 1870, p. 166. For instance, Geol. Surv. Colorado, 1869, p. 197, Dr. 
~ayden observes, "There is no proof, so far as I have observed in all the Western 
country, of true non-conformity between the Cretaceous and Lower Tertiary beds, and 
no evidence of any change in sediments or any catastrophe sufficient to account for the 
sudden and apparently complete destruction of organic life at the close of the Creta-
ceous period." . 
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Since the above was written, a paper * by Prof. J. S. New berry has 
appeared, in which he gives full expression of his views as to the ages 
of the different extinct floras of the West. He points out clearly that 
the flora of the Fort Union beds is part of that which is extensively 
distributed over the northern hemisphere, and which is believed to char
acterize the Miocene period .in Europe. He states that characteristic 
structural parallelism between American and European plants does not 
obtain in the precf\ding period~ of the Eocene and Cretaceous, and that 
the flora found in the lower part of our Cretaceous formations, as deter
mined by animal remains, is "somewhat more closely allied to the Ter
tiary flora than are the plants found in the Cretaceous of Europe." He 
does not make any botanical determination of the age of the fossil 
plants of the Bitter Ureek series, nor of the lignite beds of Colorado. 
He, however, objects to regarding any of the floras found below the Fort 
Union formation as Tertiary in the following language, (p. 402 :) ''The 
lignites and plant-beds of New Mexico, which I have called Cretaceous, 
but which are referred by Mr. Lesquereux to the Tertiary, are, for the 
most part, derived from the lower portions of our Cretaceous series, and 
are overlaid by many hundre<i feet of strata unquestionably Cretaceous, 
in which all the typical forms of Cretaceous animal life are abundantly 
represented. Whether the great lignite deposits of Colorado should be 
considered Tertiary or Cretaceous, it is perhaps not yet possible to 
decide; but in the absence of any distinctive or unmistakable Eocene . 
plants, if the strata which contain them shall be found to include verte
brates or mollusks which have a decidedly Mesozoic character, we shall 
be compelled to include them in the Cretaceous system. Mr. Lesque
reux bas met the statements of Professors Meek, Cope, anq Marsh by 
pointing to his two hundred and fifty species of fossil plants, claiming 
that they far outweigh the testimony of the animal remains. In fact, 
however, these fossil plants have very little bearing on the question. 
They are probably all distinct from European Cretaceous and Eocene 
species, and the genera to which they are supposed to belong afford 
only negative evidence of the strata that contain them." 

Thus it is evident that Professor Newberry appeals to the evidence 
furnished by the animal remains as basis of determination of the epochal 
type of the contemporary vegetable life. In further illustration of his 
view he says, (p. 404 :) "Whatever plants are found with Zeuglodon 
cetoides, Cardita planicosta, Orbitoides mantellii, &c., we must accept 
as Eocene, even should they have no intrinsic Eocene characteristic. 
So in regard to our Cretaceous flora. While it is altogether new, its 
varied character and mode·rn aspect simply give us a new 1·evelation in 
regard to the vegetation of the Cretaceous world; for, while the fauna of 
that world contains Ammonites, Baculites, Inoceramus, &c., we are forced 
to call it Cretaceous." 

It certainly appears to me to be introducing a new element into pale
ontological reasoning to estimate the age of one class of fossils by refer
ence to the structural characters of another. Every flora and fauna, and 
every genus in them, o:fl'ers its own intrinsic evidence as to age or relation, 
to other genera of preceding, contemporary, and succeeding time; and 
all that we can affirm of the relations of the life of any given deposit 
or age are the sums or results of the various parts of such ilora and 
fauna. In ths present case, the evidence brought forward by Dr. New
berry from his own stand-point as a distinguished student of extinct veg
etation, and upon which I necessarily rely, is: (1.) That the floras of the 

*American Journal of Science and Arts, 1874, p. 399. 
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European Eocene and Cretaceous are not represented on this continent 
so far as known. (2.) That the flora found below the remains of a Cre
taceous fauna more nearly resembles the Tertiary flora than it does that 
of the European Cretaceous. (3.) That the flora of the Fort Union beds 
is undoubtedly Miocene. 

These facts are confirmatory of my previous conclusion, "that a Ter
tiary flora was contemporary with a Cretaceous fauna in the transition
period of the Rocky J\iountains." If a flora below the Cretaceous of New 
Mexico resembles a Tertiary one, how much more probable is it that the 
floras of the Lignites of Colorado and Wyoming are such, as they are 
known to be of later age than those of New Mexico, and to be at the 
summit of the Cretaceous series, as indicated by animal remains. . And 
if the flora of the Fort Union beds be Miocene, that ofthe identical horizon 
in Colorado must be Miocene also; and if the vegetation below this flora 
be so distinct from it, what is more probable, according to the evidence 
adduced by Dr. Newberry, than that they are Eocene, as maintained by 
Mr. Lesquereux' That such should be the case is in harmoney rather 
than in conflict with the facts presented by the existing life of the earth, 
where we have the modern fauna of the northern hemisphP.re contempo
rary with a partly Eocene and partly Mesozoic fauna in the southern. 

Prof. J. W. Dawson, in his late interesting annual address before 
the Natural History Society of Montreal, thus comments on the above 
conclusion.* ·He says that the mixture of Mesozoic animals with Terti
ary plants ''depends on the general law that in times of continental 
elevation newer productions of the land are mixed with more antique 
inhabitants of the sea." * * "Thus it must have happened that the 
marine Cretaceous animals disappeared first from the high lands and 
lingered longest in the valleys, while the life of the Tertiary came on 
first in the hills, and was more tardily introduced on the plains." Were 
the Mesozoic reptiles of the Fort Union and Bitter Creek beds marine or 
even aquatic in their character, their co-existence with a Tertiary flora 
would, indeed, be quite explicable on Professor Dawson's view. But 
they are in the most important and diagnostic species·-the Dinosauria
terrestrial in their habits, and in several cases vegetable feeders, browsing 
on the very foliage in which their bones were found enwrapped. 

SEC'l'ION. II.-THE VERTEBRATA OF THE FORT UNION CRETACEOUS OF 
COLORADO. 

DINOSA URIA. 

AGATHAUMAS, Cope. 
Proceedings of the American Philosophical Society, 1872, p. 482. 

The characters of this genus are derived from the typical species A. 
sylvestris, which is represented by dorsal and lumbar vertebrre, and an 
entire sacrum, with the ilia-one nearly entire-ribs, and a number of 
bones, the character of which has not yet been positively ascertained. 
One of these resembles the proximal part of the pubis; others, portions 
of the sternum, &c. . 

On eight, and perhaps nine, vertebrre anterior to the sacrum, there is 
no indication of the capitular articular face for . the rib. This facet is 
found, as in Orocodilia, at or near the base of the elongate diapophyses. 
The centra are slightly concave posteriorly, and still less so on the ante~ 
rior,face, with gently convex margins. The neural canal is very small, 

-~<May, 187 4, p. 9. 
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and the neural arch short and quite distinct from the centrum, having 
scarcely any suture. The neural arch has a subcubical form, partly 
truncated above by the anterior zygapophyses. In like manner, the 
bases of the combined neural spine and diapophyses are truncate below 
by the square-cut posterior zygapophyses. The diapophyses are long 
and directed upward; they are triangular in section. 

There are eight, and perhaps nine, sacral ·vertebrrn, which exhibit a con
siderable diminution in the diameter of the centra. The diapophyses and 
neural arches are shared by two centra; the anterior part of the latter 
bearing the larger portion of both. The diapophyses are united distally 
in pairs, each pair inclosing a large foramen; the anterior is the most 
massive; rest on the ilium; the posterior pair the most expanded; the 
superior margins of its posterior edge form an open V, with the apex for
ward on the neural arch of the fifth vertebra. On the last sacrals, the 
diapophyses rise to the neural arch again. The exits of the sacral spinal 
nerves are behind the middles of the centra, and continue into grooves 
of the sides in all but the last vertebrrn. The reduced and rather elongate 
form of the last sacral vertebrrn induces me to believe that this animal 
did not possess such large and short caudal vertebrrn as are found in the 
genus Hadrosaurus, and that the tail was a less massive organ. 

The ilium is much more elongate than the corresponding element in 
Hadrosaurus, Cetiosaunts, or JJ1egalosau'rus. Its upper edge is turned and 
thickened inward above the anterior margin of the acetabulum, and here 
the middle of the conjoined diapophyses of the second and third sacral 
vertebrrn was applied when in place. 1!1 front of this point, the ilium is 
produced in a straight line, in a stout, flattened form, with obtuse end. 
Posterior to it, its inner face is concave, to receive the second transverse 
rest of the sacrum, and the superior margin · is produced horizontally 
toward the median line like the corresponding bone in a l>ird. The pos
terior part of the bone is the widest, for it is expanded into a thin plate 
and produced to a considerable length. From one of the margins, (my 
sketch made on the ground represents it as the upper,) a cylindric rod is 
produced still farther backward. The base of the ischium is co-ossified 
with the ilium, and is separated from the iliac portion of the acetabulum. 
There is no facet nor suture for the pubis ·at the front of the acetabulum. 
The ribs are compressed. There are no bones certainly referable to the 
limbs. The form of the ilia distinguishes this genus from those known 
heretofore. It is also highly probable that it differs from some other 
genera, in which the ilium is not known, e. g., .Thespesius, in the smaller 
and differently formed tail. 

AGATHA.UJ\fAS SYL VESTRIS, Cope, Proceed. American Philos. Soc., 
1872, 482. 
The last nine dorsal vertebrrn have rather short centra·, the most pos

terior the shortest. They are higher than wide; the sides are coucave; 
the inferior face somewhat flattened. The neural arch is keeled behind 
from the canal to between the posterior zygapophyses, and a similar keel , 
extends from the base of the neural spine to between the anterior zyga
pophyses. The neural spine is elevated, broad, and compressed; the dia
pophysis is convex above and concave along the two inferior faces, most 
so on the posterior. The articular face of the first sacral vertebra is wider 
than deep. The eight sacral vertebrrn are flattened below in all except 
the first by a plane, which is separated from the sides by a longitudinal 
angle. The neural spines of' the anterior :five sacral vertebrrn are mere 
tuberosities. A large sutural surface for attachment of a transverse 
process is seen in the posterior third of the eighth sacral vertebra, 
which descends nearly as low as the plane of the inferior surface. On 
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the tenth sacral, there is no such process, but its neural arch and that of 
the ninth support transverse processes. These are more like those of 
the dorsals in having three strong basal supporting ribs, the anterior 
and posterior extending for some distance along the arch. 

Whether naturally or in consequence of distortion, the plate of the 
ilium is at a strong angle to the vertical axis of the acetabulum; and at 
the posterior part of it, the margin of the plate is free on the outside as 
well as the inside of the femoral articulation. 

JJ1easurements. 
J\I. 

Length of nine posterior dorsal vertebrre.......... •.• • • . .• . •• . •• . ••• ••• . • . • . . . 880 
Length of nine sacral vertebrre, (36! inches)...... . • • • • . . • • • • • . . • • • • • • • • • . • . . . . 930 
Length of right ilium, (two pieces, 0.84 +0:22, 41 inches) ....................... 1. 060 
Length of eighth dorsal from sacrum ......................................... 090 
Length of base of neurapophysis...... . . . . . . . . . . . . . . . . . • . • . . . . • • . . . • • . . . . • . • • . 085 
Depth of articular face...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . 153 
Width of articular face...................................................... .123 
Length of second from sacrum. . .. . . . . .. .. . . . . .. . . .. . . .. • . . .. .. . . . . . . . . . . . . .. . 070 
Depth of articular face...................................................... .155 
Width of articular face.... .. . . . . . . . . . . . . . . . . . . . . . . . .. . • . • . . . .. .. .. . . . . . . . . . . • 137 
Elevation of neural canal...... . • • . . • . • . • . . . .. . . • . . . . . . . • . . .. . . . . . . . . . . . . . . . . . 045 
vVidth of neural canaL... .. . . .. .. . . .. . . . . . . . . .. • • . . . . . . .. .. . . . . .. .. . .. . . .. . . . 028 
Elevation to face of zygapllphysis...... .•.••. .•.... .... ...... ...••. •••. ...••• .104 
Elevation to base of neural spine...... .. . • . . . • . . . • . . . • • . . . .. . . . • . . • .. .. .. . . . . . 150 
Length of diapophysis from lower base ........................... · ........... : . 200 
Length from capitular articulation .......................................... -- . 125 
Antero-posterior width above ........ _ ................................. ·•....• . 050 
Antero-posterior base of neural spine......................................... . 075 
Antero-posterior width at zygapophysis .........• u ...................... ~... • 070 
Length of neural spine, (fragment) . . . . . • . . . . . . . . . • • . . • • . . . . . . . . . . . . . . . . . . . . . . • 208 
Width of centrum of first sa,cral...... . . • . .. . . . . .. . . • . . . • . . . . . • • . • • . • • . . . . . . . . 160 
Depth of centrum of first sacral, (to neurapophysis)...... . . . . .. . . . . . . • . . . . • . • • . 140 
Length of centrum of first sacral................ . ........................... .105 
Length of centrum of seventh sacral............ . • • . . . . .. . . .. . . . •• . . .. • . . .. .. • JOO 
Depth of centrum of seventh sacral, (behind)...... • • • • • . . • . . . . . . . . . . . . . • . .. . . . 080 
Widt.h of centrum of seventh sacral, (behind)........... .. . . .. . . . .. . . • • . • . . . . . . 103 
Expanse of second sacral transverse support, (22 inches)...... • . • • • . . • • • • • • . • . • . 560 
Length of' ilium anterior to acetabulum........................ .•. • . . . . . . • . . . . 470 
Length of acetabulum...... . . . . . . . . • • . . . . • . . . . • . . . . . • . . . . . . . . . . .. . . . . . . • • . . . . . 200 
Length of posterior to acetabulum.... . • • • . . • . • • .. • • • • • • .. .. • . . . . . . . • • • . . . . .. . . ~0 
Width of ilium at anterior extremity ............ -~---· ...••• _ ................. 140 
Width of ilium at front of acetabulum.......... . . . . . . • • . . . • . • • • • • • • • . . • . • • . . . . 210 
Width of Hium at posterior expansion........................................ .2.50 
Thickne~s above acetabulum...... . . . . .. . . • • .. . . . . • • . . • • . . • . . • . .. • • • • • • . . • • .. . 060 
Width of acetabulum.... . . . . . . . . . • . • . . . . • . . . . . . . . . • . •• . . . . . . . . . . . . . . • . . • • • . . • 100 
Width of basis of ischium .... · ........ _ ....•••••... _... . . . . . . . . • . • . . • .. . • . • . . . . 085 
Width of shaft of a rib...................................................... • 062 

Other bones not ye.t determined will be included in tbe description in 
the final report. 

This species was no doubt equal in dimensions to the largest known 
terrestrial saurians or mammals. 

HADROSAURUS, Leidy. 

[Cretaceous Reptiles of the United States, 1865, 76; Proceedings of the Academy of 
. Natural Sciences, Philadelphia, 1856, 218.] 

HADROSAURUS OCCIDEN1'ALIS, Cope, Extinct Batrachia, &c., .·p. 98; 
1'hespesius occidentalis, Leidy, Proceedings of the Academy, Philadel
phia, 1856, 311; Transactions of the Am~rican Philosophical Society, 
1860, 151. 
From the lowest member of the lignite formation at Grand River, Ne-

braska. -
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Referred, by Professor Leidy, to a distinct genus under the nanie of 
Tltespesius, on account of the slightly opisthocmlian character of the 
large caudal vertebra. Teeth unknown. 

Fragments of a large dinosaur from Colorado were found associated 
with species of tortoises identical with those found in Dakota . in the 
horizon which contains the H. occidenta.lis, (see under head of Cionodon 
a.rctatus,) and may possibly belong to it. I have no identical parts in 
the two for comparison. 

Char. speclf.-The largest fragment of a long bone is probably from 
the proximal end of the tibia; it includes the curved inner border of 
the side, and the inner posterior tuberosity, with five inches of the inner 
head side of the shaft. The superficial layer is marked with numerous 
closely-placed longitudinal grooves, which are replaced by a few coarser 
and deeper ones, which interrupt the angle with the articular surface, 
giving it a lobate margin. There was probably a prominent cnemial 
crest. Another fragment exhibits one flat plane and a concave posterior 
face. It comes from near the extremity of the humerus or the femur; 
it was found near the fragment of the tibia. The sacral vertebra is proba
bly that of an animal not fully grown, as it was not co-ossified with 
those adjacent. The articular extremities are expanded, and present 
distinct faces for articulation for the large diapophyses. The one ex
tremity is more expanded and less thickened; the other more thickened 
and less dilated; on this rests the greater part of the base of the neural 
arch. Just at the extremity Qf this base, the large sacral nervous for
amen issues, which is continued in a wide groove downward between the 
transverse expansions. Inferior surface convex. ·As compared with 
the fourth sacral vertebra of Agathaumas syl1.'estris, Cope, which it I} early 
resembles in size, it is to be observed that the anterior extremity is less 
expanded transversely as compared with the posterior; that the 
bases of support for the anterior diapophyses are not produced down
ward so far; that the sides of the centrum are nearly vertical and not 
sloping obliquely toward the middle line; and that there is no inferior 
plane separated from the lateral by a longitudinal angle as in A. sylvestris. 
It differs in like manner from the third and second sacral vertebrre, and 
still more from the first,of the latter saurian. 

Measurements. 

Length of centrum of fourth sacral vertebra ...•.. . ..... --------------------- -

~ 
in front ...............................•................ 

Transverse .diameter at middle . . ......••...... : ..............•.............. 
posteriorly ............... . ............•................ 

Vertical diameter posteriorly ................... __ ..••••... __ ... _ ... _ ..... _ .. . 
D-iameter of head of tibia antero-posteriorly .. _. _ .....•....•.....•••••........ 

CIONODON, Cope. 

Bulll}tin of the United States Geological Survey of the Territories, 1874, 10. * 

M. 
.002 
.103 
. 072 
.121 
• 099 
.250 

Remains· of species of IJinosauria were obtained at two localities in 
Colorado not many miles apart-the greater number at one of them, from 
which also all the crocodilian and turtle remains were derived. Those 
from the other deposit consist of portions of limb-bones apparently of a 
single individual of gigantic size. The more abundant fragments are 
referable to three species. A fragment of limb-bone is very similar to 
portions from the other locality, and associated is a sacral vertebra of 
appropriate size and characters. All of these were tl;lerefore referred 

.. Where the proof-reader mftde it Cinodon. 
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provisionally to a single species under the name of Agatha~tmas milo, 
but are here described under Hadrosaur'lts occidentalis. The remaining 
specimens fall into two series. In the one, the bones are occupied by a 
heavy mineral and the surfaces covered by a white layer, which is marked 
hy irregular ridges, as though produced by deposit along t he lines of 
small adherent foreign bodies. In the other set, the bones are lighter, 
more spongy, and not co\.~ered with the white layer; some of them are 
stained by the sesquioxide ,of iron. Both present vertebroo and limb
bones, which are related appropriately as to size and structure; that is, 
the larger limb-bones have the same mineral character as the larger ver
tebroo, and the smaller as the smaller. These limb-bones represent cor
responding parts in the two, and, differing widely, confirm the belief in 
the existence of two species indicated by the different types of vertebroo. 
In these fossils, then, I see evidence for the existence of two species of 
two genera, which I name, the larger Polyonax mort'ltari'lts, the smaller 
Cionodon arctatus. Both genera present a solid cancellous filling of 
femora, tibioo, and other long bones, and hence differ from such genera 
as Hadrosa'ltrus, Hypsibema, La:laps, and others. Oionodon differs in 
dentition from all Dinosauria where that part of the structure is known, 
but it remains to compare Polyonax with Troodon and Palaoscincus of 
Leidy, which are known from the teeth only, while no portions of denti
tion are preserved with the specimens at my disposal. 

Char. gen.-Established primarily on a portion of the right maxil
lary bone, \Yith numerous teeth in place. The posterior portion exhibits 
a suture. probably for union with the palatine bone, while the rest of the 
interior inargin is free. It is removed some dist.ance from the tooth-line 
in consequence of the horizontal expanse of the bone, while the outer 

. face is vertical. 
• The t eeth are rod-like, the upper portion subcylindric in section, with 

the inner face flattened from apex to base, w bile the lower half is flattened 
externally by an abrupt excavation to the middle for the accommodation 
of the crown of the successional tooth. Theinner face of the tooth, from 
apex to base, is shielded by a plate of enamel, which is somewhat ele
vated at the margins, and supports a keel in the middle, thus giving rise 
to two shallow longitudinal troughs. The reiQ.ainder of the tooth is 
covered with a layer of some dense substance, possibly cementum, which 
overlaps the vanishing margins of the enamel. The outer inferior exca
vation of the shaft presents a median longitudinal groove, to acco mmo
date the keel of the closely-appressed crown of the successional tooth. 
The apex of the tooth being obtusely wedge-shaped, the functional tooth 
is pushed downward and ·transversely toward the inner side of the jaw. 
The tooth slides downward in a closely-fitting vertical groove of the 
outer alveolar wall. The inner wall is oblique, its section forming, with 
that of the outer, a V ; it is furrowed with grooves similar and oppo
site to those of the outer wall, but entirely disconnected from them. 
The base of the shank of t.he functional tooth, on being displace<\ by the 
successional, slides downward and inward along the groove of the inner 
side, each lateral movement being accompanied by a corresponding pro
trusion. At the most, three teeth form a transverse line, namely, one 
new apex external, one half-worn crown median, and the stump or 
basis of a shank on the inner. The new crowns are, however, protruded 
successively in series of three, in the longitudinal direction also. Thus, 
when an apex is freshly protruded, the shank in front of it is a little 
more prominent, and th~ third stands beyond the alveolar border. As 
each shank increases somewhat in diameter downward in the C. arc
tatus~ the section increases in size with protrusion; hence, before the 



COPE.j PALEONTOLOGY--CRETACEOUS PERIOD--VERTEBRATA. 449 

appearance of a new crown outside of it. there are but two new func
tional teeth in a cross-row. Thus, in the outer longitudinal row, only 
every third tooth is in functional use at one time; in the middle series) 
all are in use; while in the inner, every third one is simultaneously thrown 
out in the form of a minute stump of the shank, if not entirely ground 
up. 

The dorsal vertebroo are opisthocrelian, the anterior more compressed · 
than the posterior; capitular articular faces, if existing,. are slightly 
marked. The zygapophyses are but little prominent beyond the arch. 
A caudal vertebra is plano-concave, with rather depressed centrum, a 
little longer than broad. The condyles of the femur have a short arc 
and chord; the head of the tibia displays a large cnemial crest, but is 
not emarginate behind, 

The type of dentition exhibited by this genus iS' perhaps the most com
plex known among reptiles, and is well adapted for the comminution of 
vegetable food. While the mechanical effect is quite similar to that 
obtained by the structure of the molars of ruminating mammals, the 
mode of construction is entirely altered by the materials at hand. Tllus, 
the peculiarly simple form and rapid replacement of the reptilian denti
tion is, by a system of complication by repetition of parts, made to sub
serve an end identical with that secured by duplication of the crown of 
the more specialized molar of the mammal. 

Oionodon is evidently allied to Hadrosaurus, but displays greater 
dental complication. In that genus, according to Leidy, the successional 
crowns appear on thefront side of the shank of the tooth, not behind, 
and below the base of the enamel area, so that the toothJs distinguished 
into crown and shaft. It also follows from this arrangement that the 
successional tooth does not appear until its predecessor has been worn 
to the root, in which case there can be only one functional tooth in a 
transverse direction instead of two or tllree. 

CIONODON ARCTA.TUS, Cope, Bulletin, loc. cit., 10. . 
Char. specif.-The enamel-plate of the tooth extends from apex to 

near the base of the shaft. Its margins are thickened and without 
serration, w bile the surface generally is neatly smooth. The dense layer 
over the remainder of the toot-h . is much roughened by a great number 
of short, serrate, and somewhat irregular longitudinal ridges. 

JJ[easurements. 
:M. 

Width of alveolar groove ...••....•........ ·----·----··--··~----· ............. 0120 
Length of a triad of teeth on alveolus • _ .... _ . _ .... __ ..• __ •.... __ .... __ . . . . . . . . 0140 
Length of an unworn tooth ........•.•. ·----· ........•....................•.•. 0250 
Diameter of surface of attrition of a tooth of the miuclle row, (longitudinal).... .006a 
Dtameter of surface of attrition of a tooth of the middle row, (transverse) ....... 0072 
Width of maxillary bone ................. ·----· .. ---· .......••......... __ ---- .0350 
Depth of maxillary ll.t inner margin .. _ .•....•. ____ ..• __ ....• _ •.. _ .....• _. . . • • .0140 

What I suppose to be the posterior end of the maxillary bom~ exhibits 
the grooves to near its apex, as well as a considerable surface of articu~ 
lation for the malar. 

Two dorsal vertebrrn are preserved, whose neural arches are co-ossified, 
with trace of suture remaining. Both articular faces exhiiJit a trans
verse fossa for ligamentous or bursary attachment. Hound these, on the 
convex face, there are transverse rugosities, while oblique-ridged lines 
descend on each side from the floor of the neural canal. The centra are 
shorter than deep, and subqwidrate in a horizontal section. The sides 

29 G S 

I 



450 GEOLOGICAL SURVEY OF THE TERRITORIES. 

are concave; the anterior are compressed with lenticular vertical section, 
with angle below. The more posterior is less compressed, and the ~ur
face is smooth; in the anterior, it is thrown into weak longitudinal ridges 
near the edges of the articular extremities. There are large nutritious 
foramina on the sides. The neurapophyses are excavated vertically on 
their posterior edges. Neural archon the anterior dorsal, a broad, verti
cal oval. A caudal vertebra is rather elongate and depressed; as it has 
no diapophysis, it is not from the anterior part of the series. There is 
no prominent lateral angle, but the two i11ferior angles connecting the 
chevron-facets are well marked; neurapophysis only measuring half 
the length of the centrum. The articular faces exhibit. the same trails
verse fossa as is seen in the dorsals; the anterior is plane, the posterior 
uniformly concave. 

Measurements. 
M. 

Anterior dorsal, length of centrum • . . . . . . . •. . . . . • . . . . . . . . . . . . . . . . . • . • . . . . . . . . . .07<1 
Anterior elevation of articular face...... • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .073 
Anterior width of articular face ..•........... ·...... . . . . . . . . . . . . . • . . . . . . . . . . . . . .070 
Anterior vertical diameter of neural canal...... . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .027 
Anterior elevation of anterior zygapophyses- ~ -- ................................ 122 
Middle dorsal, length of centrum.... . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . .068 
Middle elevation of articular face . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .085 
Middle width of articular face ....... ~ .........•..••................. ~......... .080 
Middle C9.udal, length of centrum .. . ... ~ .............•...... ···M·· ............. 062 
Middle elevation of articular face, (at canal)....... . . . . . . . . . . . . . • . . . . . . . . . . . . . . .047 
Middle width of articular face ..............•••••..............•.••..••........ 068 
Middle width between inferior ang les ...... · ..................................... 024 
Middle width of neural can3.l ..........•.•.....•..........•............•...•••• 013 

The femur is only represented by the distal end, with the condyles 
perfectly preserved. 'rhe latter form a single trochlear surface, whose 
borders form arcs of circles. It is slightly hour-glass-shaped, chiefly 
by excavation of the posterior face, which is, however, shallow ; the deep 

. foss::.e seen in Hadrosau1·us and other genera being absent. The area 
of the articular cartilage is clea'dy marked out, and the 'dense surface of 
the shaft is marked with delicate stri::.e, which terminate at the edge of 
the former. One side of the end of the bone is nearly plane, the other 
is longitudinally excavated; some shallow grooves furrow the angle 
with the trochlear face. The section of the shaft, three inches from the 

.end, is a wide, transverse parallelogram. This bone looks no little like 
the distal end of a metapodial bone, but there are various reasons why 
it is more probably femur or humerus. The form of the tibia e:specially 
determines it to be the former element. 

The head and distal end of the tibia, with six inches of the shaft, are 
preserved. The former relates with the end of the femur, resem uling.it 
both in size, simplicity of contour, and details of surface. The form is 
crescentoid, one born being the cnemial crest, the other posterior and 
replaced by a short trunca.tion. The inner (convex) face is rendered 
angular by a median tuberosity, and all round this margin shallow. 
grooves cut the solid angle at irregular distances. The articular face 
displays the smooth area, and the shaft the delicate stri::.e, seen in the 
femur. The distal end is unsymmetrically lenticular in section, one side 
being more convex; the articular face is rugose, showing a fixed liga
mentous articulation for the astragalus. The eon vex face of the shaft 
is coarsely striate-grooved near the extremity; on . the other side, the 
intervening ridges are represented by exostoses ' or rugosities. The 
flatter side becomes the more convex on the lower part of the ~haft. 
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ltleasurements. 

Transverse diameter of condyles of femur .•••••..•.••••••...••....•..•.••.•.• 
Transverse diameter of shaft of femur .....•.......•• ; ......•••..........•.... 

. . S of ~iddlc of condyles .............••....••.......•.•. 
Diameter fore and aft) of s1de of condyles .•.•...••...•...•......•............ 

( of shaft. . . . . •..........•.....•........••.....•....•.. 
' ~ ~rea test ...............••••..•.•••... ~ ••.......... 

Diameter of bead of tibia fore and aft .......•.....•..............•••........ 
transverse ........... : ...•••......•.......•....... 

Diameter of shaft of tibia, proximally~ transverse · · · · ·-· · · · • · · · • · · • • · · · · · • - · · • 
{ fore and aft .•........................• 

Diameter of distal end of tibia 5 transversely · · · · · · • · · · · · · · · • • ·- · • · ---- ..... . 
{ fore and aft .......•.... .............•••••.... 

M. 
.082 
.053 
.054 
.069 
.038 
.102 
.096 
.060 
.050 
.045 
.115 
.060 

Remarks.-If the bones above described as pertaining to the hind 
limb are really such, they are smaller as compared with the dorsal ver
tebn:e than in Hadrosa~trus foulkei, and indicate an animal the size of a 
horse. 

POLYONAX, Cope. 

Char. gen.-A species considerably larger than the last, represented by 
vertebrre and numerous fragments oflimb-bones. The most characteristic 
of the former are two probably from the posterior dor~al region, which 
are somewhat distorted by pressure. The more anterior is shorter than 
the other, and exhibits both articular faces slightly concave, the one more 
so than the other. They are higher than wide, and the border is scol
loped above for the capitular articulation for. the rib. There are numerous 
nutritious foramina, and some ligamentous pits on the articular surfaces. 
The inferior face is rounded. In the longer vertebra, both faces are more 
strongly concave, and at each end of the lower side there is an obtuse . 
hypopophysial tuberosity. The sides of the centra of both vertebrre are 
concave. The neural canals are relatively small, and the neurapophyses 
co-ossified. A third vertebra without arches is similar in specific gravity, 
though without the white surface-layer of the others. It is appropriate 
in size and form to this species, and is peculiar in its fiat form, resem
bling the anterior dorsals of the Hadrosaurus. In this respect it is related 
to the shorter vertebra of the two above described as the latter is to 
the longer. The surface of the posterior articular face is damaged; it 
was not concave, and is now slightly convex; the anterior is preserved, 
and is concave. 

POLYONAX MORTUARIUS, Cope. 
The articular faces are deeper tban wide in the vertebrre; the sides 

are smooth; the lower faces narrowed and probably keeled. 

Measu:rements. 
M. 

Anterior dorsal, length of centrum...... . . . . • • • • • • . . . • . . . . . . . . . . • • • . . • • • . • •.. • .048 
Anterior dorsal, elevation to neural canaL .....• 1••• • • • • • • • • • • • • • • • • • • • • • • • • • • .094 
Anterior dorsal, width...... . . . • . . . . . . . . . . . . . . . . • . . . . . . . . • • . . . . . . . . . . . . . . . . . • .094 
Median dorsal, length of centrum ....................•••..............•. ~.... .057 
Median dorsal, elevation to neural canaL ..........••••••.........•.......• *". .117 
}.1edian dorsal, width........................................................ .083 
Posterior dorsal, length of centrum...... . • . . . . . • • . . • . • . • . . . • • . . . . • . • . . . . . . . . . .O!:J2 
Posterior dorsal, elevation...... . . . . • . . . . . . . . • • • . . . . . • • . . . . . • . . . . . . . . . . . . . . . . .104 
Posterior dorsal, wulth.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . .083 
Posterior dorsal, diameter of neural canaL ...•..............•....•.•...... ~ . . . · .015 

The measurement of the neural canal is made near the base of the 
neurapophyses, and is probably a little affected by pressure. 

The limb-bones embrace portions of tibia, fibula, and some others not 
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yet determined. The portion of tibia js from the base of the cnemial 
crest, so that one extremity is trilobate, the other transverse oval. 
The former outline indicq,tes two posterior tuberosities. The bone is 
solid, and the superficial layer, f8r three millimeters or less, is so dense 
and glistening as to resemble cementum. Portions referred to fibulm 
have a subcrescentic section, with narrowed width in one direction. 
Two fragments of shafts of long bones I cannot determine either as be
longing to the limbs or pelvis. They belong to opposite sides; each is 
oval in section, and the diameter regularly contracts to. one end. One 
side is slightly convex in both directions; the other is less convex trans
versely, and gently convex longitudinally. A peculiarity consists of a 
central cavity present in both at the fractured large end, which is bord
ered by a layer of dense bone like the outside. 

JJleasurements. 

Transverse diameter of tibia fragmentbelow cnemial crest .. ---- .•.•••..••.... 
Antero-posterior diameter of tibia fragment at base of crest ....•......•....••• 
W"idth of fragment of fibula .... · .----· ..•••......•.... ·-----·--------· ..••... 
Thickness of fragment of fibula .......•.....•.•.......•...........•.. -.. ----. 
Length of fragment of unknown bone ...•.•.••••....••....•............. -- ... 
Proximal diameter of unknown bone .......•..... __ .•.•.•.............. "-.- -- -
Distal diameter of unknown bone ..... ~ •.••.......•••....••.......... -. ---- --

M. 
.125 
.095 
.073· 
.0:35 
.145 
.088 
.065 

The above measurements indicate a larger animal than the Oionodon 
arctatus, and one not very different in size from the Lrelaps aquU1mguis. 

C R 0 0 0 D ILIA. 

BOTTO SA URUS, Agass . 

. Cope, Proceed. Amer. Philos. Soc., 1871, 48. 

BOTTOSAURUS PERRUGOSUS, sp. nov. 
Represented by numerous fragments, with vertebrm and portions of 

skull which accompanied the dinosaurian and turtle remains from East-
ern Colorado, already alluded to. . 

A portion of the left dentary bone containing alveoli for ten teeth 
8hows that this species is not a gavial. The dental series passes in a 
curve from the inner to the outer sides of the bones, one or two alveoli 
behind being probably bounded on the inner side by the splenial only, 
as in B. macrorhynchus, when that bone is in place. The dentary is 
·compressed at this point; in front it is depressed. There is a slight dif
ference in the sizes of the alveoli, but not such as is usual in Tertiary 
crocodiles. The external face of .the bone exhibits deep pits in longitu
dinal lines. The angle of the mandible is depressed ; the cotylus of 
articulation is partially concealed on the outer side by the elevation of 
the surangular, whose upper border is parallel with the inferior margin 
of the ramus for two inches to where it is broken off. The outer face 
of this region is marked by irregular coarse ridges more or less inoscu
lating, separated by deep pits. 'l'he lower posterior half of the angular 
bone is smooth. 

A posterior dorsal or lumbar vertebra has a depressed cordate articu
lar cup. The zygapophyses are large and widely spr~ad, and strength
ened by obtuse ridges running from the base of the neural spine to the 
posterior margin of the anterior and the posterior outer angle of the 
posterior. One pit at basis of neural spine in front ; two before. Ball 
prominent ; sides of cent,rum concave. 
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J1eas1trernents. 
M. 

Length of fragment of ramus ..•.•.......•••.•......•...• ,.................... .100 
'\Vidth in front.............................................................. .034 
Depth behind...... . . . . . . • • • • . . . . . . . . . • • . . . . • . . . . . . . • . . • . . . • • • • . • . . • . . . • • • . . .032 
Length of eight alveoli. ...........•........••...••.........•.. ·--·......... .069 
Diameter of largest alveolus.... . . . • . . • • . . . . . . . . . . • . . . . . . . . . • . . • • • • . . . • • . . . . . .012 
Diameter of smallest.... . . . . . ..•....•.......••• n. • • • • • • • • • • • • • . . • • • .• • • • • • • • • .007 
Width of base of angle of ramus .• -............................................ .048 
Depth at surangular ..••.....•...........•..• ·••• . • . • . . . • . . . . • • . • . . • . . . . . . . . . . .034 
Length of centrum of vertebra ................••...............•.•...••..•.. : .045 
Width of articular cup ...•..•.•.••.•.•..........•...•..•.•.•.. ~-.. . . . . • . . • • . • .031 
Vertical diameter of cup. . • • . . . . . • . . • . . . • . • . . . . . . . . . . • . . . . . . • . . • • . • . . . . . . • . . . .025 
V ertic~:~,l diameter of neural arch . . . • • • • . . . • . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . • . . . . 011 
Expanse of anterior zygapQphyses . . . . . . . . . . . . . . . . . . . • . . . . • • . . . . • • • . • . . • • • . • . • .056 

The specimen is adi1lt, and indicates an animal about the size of the 
alligator of the Southern States. Its reference to the present genus is 
provisional only. · 

TESTUDlNATA. 

TRIONYX, Geoffr. 

TRIONYX VAGANS, sp. nov.; Trionyx~ foveatus, Leidy; Proceed. Acad. 
Nat. Sci. Philadelphia, 1856, 312. 
Represented by a number of fragments of costal bones and perhaps 

of sternals also. The former are rather light or thin for their width, 
and are marked with a honey-comb pattern of sculpture, in which the 
ridges are thin and much narrower than the intervening pits. They in
cline to longitudinal confluence at and near the lateral sutures. Several 
arere are not infrequently confluent in a transverse direction near the 
middle of the bone. 

Measurements. 
M. 

Width of costal bone . . . . •• • • .. . • • • • . • . . . . . . . . • • . . • • • . . . . . • . . . . • . . . • .. . .. . . . . .0370 
Thickness of costal bonA.... . . . • • . . . . . . . . • . . . . • • • . . . • • . . . . . . . . . • • • • . . . • • • . . . .0045 

Four and five are::e in om.010. . 

This species differs from the T. foveatus, Leidy, in the much narrower 
interareolar ridges, and larger arere, and in their longitudinal confluence 
at the margins, characters exhibited by numerous specimens. 

Lignite Cretaceous of Colorado; near the mouth of the Big Horn 
River, Montana; Long Lake, Nebraska; found at the last two localities 
by Dr. Hayden. 

PLASTO:MENUS, Cope. 

Annual Report U. S. Geol. Survey, 1872, 617. 

PLASTOMENUS (~) PUNCTULATUS, sp. nov. 
Established on a costal bone found in association with the preceding 

species, and referred to the genus Plastomcnus provisionally, and with a 
probability that it will be found not to pertain to it when fully known. 
That genus has so far only been found in the Eocene formation. The 
bone is rather thin and sufficiently curved to indicate a convex carapace 
of moderate thickness. The surface is marked with closely-packed shal
low pits without material variation of form on the proximal half of the 
bone. The result is an obsolete sculpture quite similar to that seen ~n 
some species of the genus to which it is at present referred. 
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JJ:f.ectsurements. 
M . 

Width of costal bone. ___ ........... ___ • _ ..•...•••..•.•.... ~... . . . . • • • • . . . • . • .0230 
Thickness of costal bone . __ . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . • . • . . . .. . . . . .0033 

Number of pits in Om.OlO, 6. 

Lignite Cretaceous of Colorado; also several fragments from Long 
Lake, Nebraska, from Dr. Hayden. 

PLASTOl\'IENUS (~ ) INSIGNTS, sp. nov. 
Represevted by a portion of the right hyposternal oone of a tortmse 

a,bout the size of the last species, and from the same locality. The speci
men resembles in its sculpture such species as the Plastornenus triony
choides, and in structural character the species of Ariostira, but it is 
scarcely" probable that it belongs to either genus. It is fiat, ~wd has a 
narrow, straight, inguinal margin at right angles to the fine suture with 
the hyosternal. The suture with the postabdomial is partially gom
phosial. Surface dense, polished, marked externally with a reticulate 
sculpture of narrow ridges separating larger and smaller areas wider 
than themselves. 1\::Iarginal edge thinner. 

Measurements. 
M. 

Length of hyposternal fore and aft ....................................... -... .025 
Thickness of hyposternal at front ........•••••.•......• a. • • • • • • .. • • • • • • • • • • • • .004 

Pits in om.010, 6. 

Lignite Cretaceous of Colorado. 

ADOCUS, Cope. 

Proceedings Academy of Natural Sciences, Philadelphia, 1868, 235; Proceedings Amer .. 
ican Philosophical Bociety, 1870, November. 

ADOCUS (~) LINEOLATUS, sp. nov. 
Established on a number of fragments from different exposures of the 

lignite beds-primarily on a vertebral and sternal bone from the same 
locality as the preceding specimen. As the diagnostic portions of this 
specimen are wanting, it is referred to this genus provisionally, and 
because the structure and sculpture of the parts resemble most nearly 
known species of it from the Cretaceous greensand of New Jersey. 

The sternal bone is flat, and presents the wide and transverse sutures 
forming the usual right angle, and of a r3,ther coarse character of a 
medium serrate keel, with pits on each side for the reception of corre
spontHng ribs. The vertebral bone is rather thick, and is shallowly 
emarginate-iu front. The sculpture consists of delicate, obscure, parallel 
lines, which are more or less interrupted and occasionally joined, so as 
to inclose faintly-marked areolrn. 

Measurements. 
M. 

Width of vertebral bone in front .........• ~- ..•.•....••• __ ..•.•...•••.••.••. .0135 
Gren.test of vertebral bone ... __ . ___ ..•......... ___ ...••• _ ...•• _. . . . • . . . . . . • . .0~80 
Thickness of vertebral bone_ ........•...••........•..••..••••. ~ ....• _ •.. __ .. .0070 
Thickness of sternal bone •••.•• ------ •....••. ,. ------ .•...••••••••••• -----· .0080 

From lignite of Colorado, and mouth of Big Horn River, Montana. 

COMPS..El\1:YS; Leidy. 
CoMPSEMYS VICTus, Leidy, Proceedings Academy Natural Sciences, 

Philadelphia, 1856, 312. . 
Lignite of Long Lake, Nebraska ; Cretaceous of Colorado. 
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APPENDIX. 

Descriptions of new mollusks from Cretaceous beds of Colorado, by T. A. 
Conrad. 

I 

I add here some determinations, by T. A. Conrad, of mollusks of Cre
taceous age obtained near Denver and in the South Park. 

HELICOCERAS, d'Orb. 

H. VESPERTINUS.-Sinistral, gradually tapering ; ribs prominent, 
often placed irregularly as regards distance from each other, gradually 
thickening toward the back, which has two rows of tube:mles; back 
flattened on the large part of the shell, and gradually rounding on the 
smaller. 

Locality.-Seven miles south-southeast of Fairplay. 
In the small specimen of rock containing this fossil are two speci

mens of the same and two of Ptychoceras. 

ANCHURA, Conrad. 

A. BELLA.-Subfusiform; spire elevated; volutions convex, with ob
lique, subacute, curved, longitudinal ribs, crossed by regular, fine strire; 
suture deeply impressed; last volution with two distant, angular, revolv
ing ridges, the upper one largest and extending to the end of the pro
jecting lip ; above this angle, the ribs are less promjnent and distinct than 
on the spine, and disappear at the lower revolving angle; lip upturned 
toward the extremity ~nd acute at the eud; lower margin entire ; beak 
short, narrow, acute. 

MEEKIA, Gabb. 

M. BULLATA.-Subglobose, inequilateral; anterior side short, com
pressed, acute at the end; summits very prominent; umbo inflated. 
This smooth little species is proportionally much shorter and the um
bones more inflated than in M. sella, Gab b. The anterior side is shorter 
and more acute. 

Local-ity.-Trout Creek, near Fairplay. 

PTYCHOCERAS, d'Orb. 

P. ARATUS.-Larger branch having prominent, slightly oblique, sub
undulated, compressed ribs, subacute on the margin; body slightly 
swelling on the back toward the base, where the ribs become fine and 
close; smaller branch ribbed obliquely in a downward direction. 

Locality.-Trout Creek, near Fairplay. 
There are two- rows of very small tubercles on the flattened back of 

this ~pecies. 

HAPLOSCAPHID...:E. 

The genus Haploscapha, described in a former volume of these reports, 
is not, as I thought at the time, a member of the family Rt~distre, but 
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probably belongs to no recognized family. I have every re9~son to 
believe that Inoceramus involutus, Sowerby, is a species of this or a 
nearly allied genus. It has the singular character of being very thin 
·on the disk and gradually thickening to the margin, in which it agrees 
with the American shells, and also in the character of the dorsal mar
gin, which appears to be rolled over. This rolling-over, however, does 
not exhibit the hinge-charaeter, which has no resemblance whatever to 
that of Inoceramus, and the ridged surface at the top of the hinge is on the 
outside of the valve, as represented in Sowerby's figure, Table 583, Fig. 
2. The typical specimen of one valve of the genus has a broad or thick 
tooth near the anterior margin, and a thick, roupded ridge forming the 
rest of the hinge. These singular shells were dev~loped in the Upper 
Ubalk of England and America, aud, like the Rudistm, came suddenly 
and disappeared forever with the last deposit of chalk. 

H. CAPAX.-Left valve inflated, subrotund, incurved toward the ven
tral margin; undulations or concentric ridges profound, distant, extend
ing to, the posterior hinge-margin, though becoming almost obsolete 
very near the margin ; interstices regularly and strongly striated. 
Length and height equal, five inches. Found by: Dr. Leconte near 
Denver. Inoceramus, Fig. 2, J.i,remont's expedition lepresents, I think, 
this. species. 

C RA P ,TE R III. 

THE EOCENE PERIOD. 

A few species from beds of this period were ·obtained in Wyoming 
and Colorado, of which the following are new to science. 

MAMMALIA .. 

EOBASILEUS, Cope. 
' 

EoBASILEUS G.ALEATus, sp. nov. 
Represented by the greater portion of a cranium of an individual of 

the size of the Loxolophodon cornutus. It possesses a greatly-elev~hed 
occipital crest, whose superior border presents a median angle up
ward. A short distance in front of it, and connected by a very stout, 
lateral ridge, there arises, on each side, a large; erect born-core. The 
base is very massive, subquadrate in section, and :flattened in front. 
Posteriorly, it presents a very shallow groove~ which is bounded on the 
outside by a low ridge. The shaft expands gradually, and is propor
tionally :flattened from behind forward. The posterior face is fiat; the 
anterior gently convex. The extremity is transverse-convex, and pit
ted for cartilaginous or corneous attachment. These horns stand on 
the parietal bones. The frontals .extend to their bases, and send a lami
nar expansion backward to the margins of the lateral and p,osterior 
crests, covering the parietal in the fundus of the basin, which the 
former inclose.* 

" Marsh originally stated that these horn-cores in · Uintatheri·um mirabile sta.nd on the 
frontal ; but later, that it was doubtful whether the frontal supported horus. 

I 
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The median horns are very stout, and are connected 4With the poste
rior by an acute supratemporal ridge. Their inner face is composed to 
near the apex of the nasal bones. Where they terminate, the apex con
tracts, and is composed of a cylindric production from the maxillary. 
The section of these cores at the middle is subquadrangular, and longi-
tudinally oval at the base. . 

The extremity of the nasal bones is small and contracted, and is ex
tensively overhung by the cornice-like, flat cores above them. Thus the 
end of the snout has a bilobate outline when viewed from above. 

The occipital face is concave in vertical section and presents a V
shaped depression, with the angle downward, and a low ridge on the mid
dle line to the transverse superior border. 

Measurements. 

Width of the foramen magnum and occipital condyles ..•••.................. 
Elevation of occiput, (8 inches) .....................••.••.•.......•........ 
Width of basin between lateral crests ...............•••••.... . ............. 
H eight of posterior born-core, (7 inches) ............................ .. ..... . 
Width, base of posterior born-core antero-posteriorly ..•••...•..........•... 
Width, base of posterior horn-core transversely ••••...............••..•....• 
Width at summit ..........................................•••••..... . .... 
Height of median born -core ............................................••.. 
Diameter of base antero-posteriorly ................... . ...•••.......... . .... 
Diameter of ba.se transversely ................................. : . ......•... 
Diameter of summit .•..........................••.•.......•.....•.....•..• 
Projection of nasal cornices beyond apex .. . ................................ . 
L ength of posterior molar, crown ................... . . . .................... . 
Width o( posterior molar, crown .......................................... . 

M. 
0.2100 
.2500 
.3250 
.2300 
.1300 
. 0900 
.1230 
.1750 
.1060 
. 0800 
.0650 
• 0630 
.0450 
.0550 

This species is equal in size to the largest known from the Bridger 
formation. It differs from E. (Loxolophodon) cornutus in the poster
iorly-truncate base of the posterior born-cores, the quadrate instead 
of triangular section, and the stoutness of the median cores, and 
extent of their inner face covered by the nasal bones. It more nearly 
resembles the E. press-icornis, Cope, and may possibly prove to repre
sent an old male of that animal. There is, however, a considerable dis
parity in their sizes; the horns differ in the greater stoutness, having 
twice the diamet~r, with little greater height. They differ also in form, 
in the abrupt contraction just below the apex. The cornice-like cores of . 
the nasal bones represent the tubercles of the E. pressicornis. The pos
terior horns differ in many ways from those of the E. furca.tus, and are 
alone sufficient to indicate a different species. 

From the bad lands of South Bitter Creek. 

ACHJENODON, Cope. 
. I 

Paleontological Bulletin, No. 17, p. 2. 

ACH.lENODON INSOLENS, gen. et sp. nov. 
Ghar. gen.-Dentition of mandible, In., 3; C., 1; P.m., 3 ~ 4); 1\f., 3; 

forming an uninterrupted series throughout. Molars consisting of two 
pairs of obtuse tubercles, those of each pair fused transversely by a lower 
yoke ; last molar with a large posterior fifth tubercle ; last premolar 
enlarged, and with a posterior heel; penultimate with a simple conic 
crown and two roots. It is uncertain whether one or two teeth intervene 
between this one and the canine. The alveoli are round, and l9ok as 
through designed for two single-rooted premolars. 

This genus presents many points of resemblance to Elotherium, but the 
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continuous dental series is characteristic of many genera of the Eocene. 
In the only known species, there are no osseous tubeFosities on the rami. 
The symphyseal suture is persistent. 

Char. spectt:-Last premolar with longer basis than first molar; its 
posterior heel tubercularly plicate. The crown of the penultimate pre
molar iS' a slightly-compressed cone with elongate base, but little shorter 
than that of the first molar. Molars with smooth enamel; an anterior 
cingulum on the second and third; a small posterior median tubercle 
ou the second molar; and a short cingulum, from the base of the poste
rior cone forward, on the third. Canines very large, suberect; enamel 
smooth. Ramus of mandible very stout. 

Measurements. 
M. 

Length of molar series... . .................................................. 0.180 
Diameter of canine tooth ......... _ .......... ___ .. __ ..... _. _ ... _ ....... · .. _ _ _ . 033 
Length of premolars. __ .... __ ._. _ .. ___ ... ___ ... ___ .... __ ... ___ .. ___ ...... _ _ _ _ . 093 
Length of premol ars No. 3. _ .... . __ ... _ •... ____ .... __ ............. _. _ ..... _. . 035 
Length of molar No. r ..... _ ....... ____ .... __ ..... __ ......... __ ...... ___ ... _. . 024 
Length of molar No. 2 ..••...... _ .. _ . _ ... ____ .. _ •.•.. _ •.... ____ .. . _ . _ ... ___ . . 027 
Width of molar No. 2 . ___ ..• _ ....... ___ •...•... __ ...•.•••... _____ . ____ . ____ • • 022 
Length of molar No. 3 . __ ........... _ .. __ ..... _ .. _ . . ___ ... ____ . _ ........ _ .. _ . • 041 
Width of molar No.3 . _. _____ ...... ---· .......... _ --· ...... ____ .... __ ______ . . 024 
Depth of ramus at molar No. 2 .•• __ •.•••••••••• _ .. ~ •.••••• _. _. ___ ••••••• _ .. _ • 073 

This species betrays more of suilline character than ~ny yet discov
ered in the Bridger series; but that it has any such affinity bas yet to 
be shown. It was about as large as a fully-grown cow. 

PHENACODUS, Cope. 

Paleontological Bulletin, No. 17, p. 3. 

PHENACODUS PRIM.1EVUS, Cope. 
Char. gen., as expressed by a posterior superior molar tooth. Crown 

transverse, a little narrower and more strongly convex at the inner than 
the outer extremity. It supports five rather low and obtuse tubercles, 
two exterior and three on the inner side. Outer tubercles well inside 
the outer margin of the crown; the one subtriangular in section; the 
other more nearly conical; the two connected by a ·low ridge, which 
incloses a concavity with the outer margin of the crown. Three inner 
tubercles, arranged on the segment of a circle, subequal; the lateral of 
one sid~ connected with the exterior tubercle of the opposite side by a 
low ridge, which incloses a basin with the ·inner tubercles. · 

Char. specif.-Median of the three inner tubercles stouter than the 
others. No noticeaLle basal cingulum. Two compressed roots, with 
axes at right angles to each other, and very large pulp-cavities and thin 
walls. :• · 

Measurements. 

Width of crown .... _ ..... _ .......... _ .. __ .... _ .• _ .................... -----
Length of crown._. ___ _._ •... . _ ..•.. ____ ........ ___ ................ ~ ... -.- .. 
Elevation of outer cones above shoulder .................. ------·-----------
'Width between apices of outer cones .. ___ .. _. __ . -.................... ---- .. 
Width between apices of median cones . ·..;. __ . ____ ............ --- ... - .... --.-

M. 
0.0140 

.0093 

.0050 

.0060 

.0050 

This toqth more nearly resembles the last tubercular molar of a 
canine carnivore than any other with which I can compare it, though it 
presents some differences. It would represent an animal rather larger 
than a wolf. · 

,. 
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OROTHERIUlrf, Marsh. 

Amer. Journ. Sci. Arts, 1872, p. 217. 

0ROTHERIUJ\1 INDEX, sp. nov. 
Represented by both mandibular ramis, with many of the molars in 

good preservation. These number P. m., 3; l\i., 3. The last premolar is 
somewhat like the first molar, but bas but one posterior tubercle, and 
adds a cingular projeet,ion in front of the anterior pair. The first pre
molar has two roots; the second is compressed and with a broad heel 
behind. In the molars, the anterior tubercles are connected by a cross
ridge; the posterior are a little more distinct from each other. The 
inner anterior tubercle is obtuse, but not bifid, and its base is connected 
with the apex of the posterior outer by a diagonal ridge. There is a 
small median posterior tubercle on theM. 2, and a large heel on the 
last molar. It supports a conic tubercle; which is connected by sharp 
ridges with the tubercles preceding it. There is a cingulum on the outer 
face of the true molars, which does not extend on the base of the tuber· 
cle of the posterior pair. 

Measurements: 

Length of molar series. ____ • _____ .. __ .... ___ •• _. __ . ___ ................ - ... . 
Length of first premolar ___ .....•............... _ .... _ ......•.............. 
Length of third premolar ................................... _ ...... : _ •..... 
Width of third premolar .............. ________ .... ·----· .... ·----· .... ----. 
Length of second molar ................. __ " . . ..•.... _ ..................... . 
Width of second molar ......... _ ......•..........................•........ 
Length of last molar .. . .................. _ ............................... . 
Depth Df ramus at first premolar .. ~ ••........ _ .... _ ..... __ ..... _ ...•••••... 
Depth of ramus il.t second molar ......... ___ .... _ .... _. _ ....••..•••...•. - .. . 

PISCES. 

RHINEASTES, Cope. 

Hayden's Annual Report, 1872, p. 638. 

M. 
0.0350 

.00:32 

.0055 

.0040 

.0065 

.0045 

.0098 

.0021 

.0023 

RHINEASTES PECTINATUS, Cope, Bullet. U. S. Geol. Surv., No.2, 1874, 
p. 49. 
This catfish is represented by a single specimen, which includes only 

the inferior view of the head and body anterior to the ventral fins. 
These exhibit characters similar in many respects to those of Amiurus, 
Raf., but the interoperculum, the only lateral cranial bone visible, dis
plays the dermo-ossified or sculptureq surface of the Eocene genus, to 
which I now refer it. Other characters are those of the same genus. 
Thus, the teeth are brush-like, and there is an inferior limb of the post
temporal bone, reaching the basi-occipital. The modified vertebral mass 
is deeply grooved below, and gives . off the enlarged diapophysis that 
extends outward and forward to the upper extremity of the clavicle. 
The patches of teeth on the premaxillary are separated by a slight 
notch at the middle of the front margin The teeth are minute. The 
four basihyals and the elongate anterior axial hyal are distinct; also, 
the ceratohyal with its interlocking median suture. The number of 
branchiostegal radii is not determinable; three large ones are visible. 
The mutual sutures of the clavicles and coracoids are interlocking, and 
their interior surface displays grooves extending from the notches. The 
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·pectoral spine is rather small, and bears a row of recurved hooks on its 
posterior face; there are none on the anterior face. / . 

The head is broad, short, and rounded in front, which, with the unci
nate character of the serration of the pectoral spine, reminds one of the 
existing genus Notm·us. As compared with the five species of Rhine
astes described from the Bridger Eocene, the present species is distin
guished by the small size and uncini of the pectoral spine. 

Measurements. 

Length of head to clavicle, (below) ............ , ...........••••.............. 
Width of head, (below) ..............• __ ..• ___ ....••.... __ .. __ ..•••••• -'". __ . 
Width of scapular arch, (below) .••... ·----· ............•••• ··---· .•.•.. ~--· 
Expanse modified diapophyses ....•............. ··---------· .•••.•..•••..... 
Length of modified vertebrre ......•....... ·---·- ........•..••••....•........ 
Length of pectoral spine ................................................•..• 

From the Tertiary shale of the South Park, Colorado. 

AMYZON, Cope. 

Hayden's Annua.I R.eport, 1872, p. 642. 

M. 
0.018 

.036 

.011 

.020 

.0115 

.0~1 

AMYZON COMMUNE, Cope, ltullet. U.S. Geol. Survey, No.2, 1874, p. 50. 
In describing this species, the following additions to our knowledge of 

the generic characters may be made. There is an open fronto-parietal 
fontanelle; the premaxillary forms the entire superior arch of the mouth; 
the pharyngeal bones are expanded behind; there are 12-13 rays of the 
ventral fin; there is a lateral line of pores, which divides the scales it 
pierces to the margin. · 

The greatest depth of the body is just anterior to the dorsal fin, and 
enters the length 2.66 times t9 the base of the caudal fin, or a little 
more than three times, including the caudal fin. The length of the head 
enters the former distance a little over 3.25 times. The general form is 
thus stout and the head short; the front is gently convex and the mouth 
terminal. There are fifteen or sixteen rows of scales between the bases 
of the dorsal and ventral fins. They are marked by close concentric · 
lines, which are interrupted by the radii, of whieh eight to fifteen cross 
them on the exposed surface,forminganelegantpattern. Atthecenter 
of the scale, the interrupted lines inclose an areoJation. The extended 
pectoral fin reaches the Yentral, or nearly so; the latter originates be
neath the anterior rays of the dorsal. or in some specimens a litttle be
hind that point. They do not reach .the anal when appressed. The 
anal is rather short and has long anterior radii. The dorsal is elevated 
in front; the first ray is a little nearer the basis of the caudal fin 
than the end of the muzzle. Its median and posterior rays are much 
shortened ; the latter are continued to near the base of the anal fin. 
Radii,. D., 33; P., 14; V., 13; A., 12. The caudal is strongly emarginate7 
and displays equal lobes. 

JJ.Ieasurements. 
M. 

Length of a large specimen, (10.25 inches) .................. ~... . • . • . . . . . . . . . • 0.250 
Length of a medi urn specimen ...•... _ .....••...........•..•...•.• _...... . . . . .182 
Depth at occiput............................................................ .043 
Depth at dorsal fin . . . . . . . . . . . . . . . • . . . . • • . • . . . . . . . . . . . . . . . . . • . • . . • • . . . . . . . . . • .057 
Depth at caudalqleduncle .................•• ~. . ..••..•...•••... ~. . . . . . . . . . . .023 
Length of head, axial .............. _ ....•................•.... _. • . . . . . . • . • . . .044 
Length to D. 1, axial ............... _ ................•......•. _.' ...• __ ... _... .075 
Length to end of dorsal, axial. ...•..•......••...................•...... _ .. _. . .131 
Length to basis of caudal fin ..... _ ..••••••...•.......•.. __ .. . . . . . . . . . • • . . . . . . .146 
Length of basis of anal fin ..... _.. . . . . . . • • . . • . • . . . . . • . . . . . • • • . . . . • . • • . . . . . . • .023 
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There are thirty-eight or thirty-nine vertebnB, of which nine are ante- · 
rior to the first interneural spine, and fourteen between that point and 
the first caudal vertebra. 

A very large number ofspecimenswasobtained by Dr. Hayden and my
self from the Tertiary shales of the Middle and South Parks, Colorado . . 
They display but insignificant variations in all respects, and furnish a good 
basis of determination. They all differ from theA. mentale, Cope, (Proceed. 
Amer. Pbilos. Soc., 1872, p. 481,) in the larger numbers of vertebrre and 
dorsal and anal fin radii, and greater prolongation of the dorsal fin. It 
is, however, nearly allied to the species of the Osino shales. The only 
fish found associated with this one is the small nematognath just 
described. 1'he predominance of these types and exclusion of the 
brackish-water genera As·ineops, Erisrnatopterus, and Olupea, so abundant 
in the shales of the Green River epoch, indicate a more lacustrine, and 
hence, perhaps, though not necessarily, later deposit. 

CL UPEA, Linn. 

CLUPEA THETA, Cope, Bullet. U.S. Geol. Surv., No.2, 1874, p. 51. 
Represented by a specimen from the Green River shales, near the 

mouth of Labarge Creek, in the upper va·Hey of Green River. It is a 
larger species than the C. pusilla, Leidy, which is also found at the same 
locality, and has .a much longer anal fin. Its radii number twenty-six, 
possibly a few more, as the end appears to have been injured. The 
dorsal fin is short; the last ray in advance of the line of the first of the 
anal. The body is deep. Number of vertebrre from the first interneural 
spine to the last interhremal, twenty-nine. Depth at first dorsal ray, 
0.0485; depth at last anal ray, 0.0170; length of twenty-nine vertebrm, 
0.0780. . 

CHAPTER IV. 

THE MIOCENE PERIOD. 

The fauna of the White River epoch is well known to be entirely 
distinct from that which preceded it, which is preserved in the beds of 
the Bridger formation; no species or genus of mammal is common t<J the 
two, and but a proportion of the families. This difference is similar to 
that which distinguishes the Lower Eocene from the Miocene fauna 9f 
Europe. The parallelism of the Wyoming fauna with that of the 
Eocene of France and Switzerland is very full, although not without 
exceptions. Both are characterized by the absence of equine peris
sodactyles and ruminant artiodactyles, of Elephanticlm, Rhinoceridce, 
and extreme poverty in feline and musteline, or the higher carnivora
Both are characterized by the presence of lemurs and g·eneralized qua
drumana, and by the great predominance of Perissodactyla allied to the 
tapirs. Parallel gener'a of the respective groups may be thus exhibited: 

Carnivora, 
Quadrumana, 
Perissodactyla, 

Artiodactyla, 

WYOMING. 

jlfesonyx. 
Anaptornorphus. 
Palmosyops. 
Hyrachyus. 
Hyopsodus. 
Achmnodon. 

FRANCE. 

Hycenodon. 
Ada pis. 
Palceotherium. 
Loph·iodon. 
Hyracotherium. 
Anthracothe'rium. 
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The important differences are the presence of Artiodactyla with seleno
dont molar teeth in the French Eocene; I allude to the ..Anoplotheriidre 
and Hyopotamidce, which are entirely wanting in the Wyoming beds. 
On the part of the latter, the presence of the Eoba,siUidce, Bathmodontidce, 
and ..Anchippodontidce constitute a marked peculiarity. On the whole, 
the evidence is in favor of ascribing the priority of age to the Wyoming 
Eocene. 

The appearance of selenodont artiodactyles, including great numbers 
of Traguz.idce, with horses and rhinoceroses in the White River beds, 
clearly mark the adv~nt .of the Miocene, while the presence of Hyopo
tamus and .Eloiherium indicate a nearer relation to the Lower than to the 
Upper Miocene of Europe. The family of Oreodontidce is the peculiar 
feature which distinguishes the American from t.he European beds, while 
the latter contain numerous viverrine carnivora not known from Amer
ica. The Loup Fork beds, from the greater proportion of existing ge
nera which they contain, display a resemblance to the EurQpean Plio
cene; but they differ strikingly in the greater number of horses and 
camels which they contain. The smaller percentage of existing genera 
in the Loup Fork beds, with the persistence of an oreodont, (JJ1erychyus,) 
indicates that these also should be placed anterior to the Pliocene of 
France. 

The species enumerated in the following pages are distributed in their 
orders as follows. I add a list of the species enumerated by Dr . . Leidy, 
as occurring in the White River beds of Dakota and Nebraska, with the 
number common to them and the Colorado beds. I add also a column 
indicating the number not yet identified out of Colorado. 

~ ee ~ 
~s 0 p. • 

~ s 0 ~ 0 o "' ,.0 ~ 0 s~ 0~ 0 
~~ <s<.<B 04-'l ~~ f.< 0~ rn ~ ~ cf .~ ~.9 -~ s ~,.Q 

·s~ ..... .p 
~ :;j 0 0 o ~o 

P;~ ~~ ~.p ~~0 
w.~ 00 w. w. 

------------
Insectivora ...•••. ~ •••..•••..••.....••.....•..•. 11 2 0 11 

~~~~~~~~~~tyi; : ~ ~:: ~: :: ~ ~ :: ~ ~:::: :::: ::: :: :: :: : : 10 D 4 6 
16 6 4 11 

Artiodactyla . ... ···- .-- •..•...................... 
Carnivora ...................................... . 

10 20 4 6 
10 8 3 7 

Quadrumana . ......••••....•........•....•...... 
Testudinata .........•.•.•.....•..•..• ____ ..•.... 

1 (¥) 1 0 1 
5 1 1 4 

Lacertilia ..................... _ ....... · ......... . 8 0 0 8 
Ophidia ........................................ . 5 0 0 5 

----------
TCital .........••.....•.... _ .......•••.•. _ . 75 43 16 59 

The difference between the Dakota and Colorado faunas is more appar
ent than real. The presence of numerous small .reptiles and insecti vor
ous and rodent mammals in the latter is chiefly due to local advantages 
for preservation and subsequent discovery. This is indicated .partly by 
the fact that the more abundant rodents of Colorado are those which 
have been alreadv discovered in Dakota. Other differences are not so 
readily accounted for. Thus, the poverty in species of Oreodont-idee in 
the midst of most abundant individual remains is a peculiarity of the 
Colorado formation, while, the Tragulidce of the latter are more abun
dant in both individuals andspecies than in the Dakota fauna. While 
there is but one species in the latter, there are five species of four ge-
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nera in Colorado. The Poebt·otherium, rather rare in Dakota, is quite 
abundant in Colorado. On the other band, no trace of the Titanothe
rium of the former has yet been announced from the latter locality, and 
it is probable, indeed, as remarked by Professor 1\iarsll, that that genus 
is characteristic of another horizon of the Tertiary from tlle one under 
consideration. If, as I believe, the Colorado Miocene is the true White 
River epoch, then the Titanotherium is derived from another.* Compara
tively few traces of the Symborodons have yet been brought from Da
kota, but this may be due to the fragility of these fossils and local causes. 
The differences in the carnivora are not strikingly great; the only genus 
not in some degree representative in the two faunas being the Buncelu
rus of the present paper. 

The most important result obtained by the expedition of 1873 was 
the discovery of an abundant fauna of Lacertilia and Ophidia and of 
the smaller mammalia of the insectivorous and rodent orders. A genus 
of supposed Quadrumam.a was discovered, and an elucidation of the 
structure of the genus of gigantic, horned perissodacty les, which I called 
Symborodon, was rendered- possible by the large amount of material ob· 
tained. 1\Tbile the pre-eminently horned type of the present fauna is the 
order of Ruminantia, and it has been found that those of the Eocene 
period were an aberrant type of proboscidians, those of the Miocene are 
now shown to be perissodactyles. 

The predecessors or ancestors of the hog, Babirussa, and similar exist
ing animals, are being gradually brought to light by modern paleonto
logical studies. One of those nearest the domesticated form bas been 
found in the Miocene of France, and is referred to the genus Palmochm
rus. It is also related to the peccaries, which appear to have existed 
during the same early period in North America in considerable abund
ance. Their existence in South America at tlie present time is one of 

· many indications that that region bas not advanced in respect to its 
fauna as rapidly as our own and the old continents. .Another :Miocene 
genus of hogs is the Elotherium, which bas left remains in France and 
in North America. The common species of the Nebraska beds is the E. 
mortonii of Leidy, which was as large as a pig. Its front teeth are much 
developed at the expense of the hinder ones; and it had bony tuberosi
ties on the under jaw in the positions now supporting wattles in the 
hog. I discovered during the past season much the largest species of 
Elotheriu.m yet known. The skull was longer than that of the Indian 
rhinoceros, and the tuberosities of the lower jaw were greatly developed. 
The front pair formed diYergent branches on the lower front of the chin, 
so that it appeared to bear a horn on each side, which the animal, doubt
less, found usef~1l in rooting in the earth. The species was semi-aquatic 
in its habits, like the H ;ippopotmnus and Dinotherium; but while these 
are furnished with extraordinary developments of the lower incisor
teeth for tearing up their food, the Elotheriu1n 1·amosmn is the only 
animal known which possessed horns in the same position and for the 
same purpose. 

A still older type of hogs-which may claim to be the predecessor in 
structure as well as in time of all known genera-is the Achcenodon, 
Oope, from the Eocene of vVyoming, described a few pages back. The 

. A. insolens was a powerful beast, larger than a boar. with a compara-

~ I formerly supposed, following Dr. Leidy, that 1'itanothe1'htnt is characteristic of the 
horizon of Oreodon, &c., and therefore quoted Professor Marsh as as;;igning a different 
age to the Colorado beds. On re-examination of his remu.rks, (Amer. J ourn. Sci. Arts, 
1870, p, 292,) while they bear this interpretation, I believe that he did not intend to 
make any direct assertion to this ·effect. 

• 
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tively short head, and with the uninterrupted series of teeth which 
belongs to all the oldest forms of the mammals and to the higher qua
drumana. 
· The early relations of the camels is a question, heretofore very obscure, 

which bas been greatly elucidated by the researches in Colorado during 
the present season. These ruminants differ from aU of their order of 
quadrupeds in having one incisor-tooth in the upper jaw on each side, 
and in a remarkable structure of the neck-vertebrm. In the latter, the 
artery that conveys blood to the brain in part occupies the vertebral 
canal with the nervous cord. In other ruminants, as in most mammalia, 
it is carried by the lateral process of the vertebrm in a tube at their 
bases. 

Camels and llamas have a limited number of premolar teeth of the per
mauent series, and a larger number in the milk-series; the excess not 
being replaced when shed. They have, at a very early stage of develop
ment, indications of a full series of upper incisors, which are early 
absorbed. The extinct camels (Procamelus) of the latest of our Western 
Tertiary formations, supposed to be the Pliocene, have been shown by 
Leidy to retain, in their permanent dentition, the full number present in 
the milk-series, thus resembling the younger stage of the modern camels 
awl llamas rather than the adult. I have also found that these early . 
camels possessed a full development of the character seen in the fmtus 
of various ruminants. In this respect, the Procamelus resembled their 
still earlier predecessors. It is also evident that the change from Pro
eamelus to Camelus may be explained by a process of retardation of the 
growth of the teeth. 

The ruminants called Tragulidm are now confined to the warm regions 
of Asia and Africa, but they were formerly widely distributed over the 
earth, especially during the Miocene period. They embraced then, as 
they do now, some of the smallest and mo5t elegant of the cloven-footed 
Ungulata. In France, three genera have been discovered, which em
brace numerous spedes. The most numerously-represented genus is the 
A.mphitragulus. In North America, four genera have been found in 
corresponding formations, representing five species. Two of them be
long to Hypertra,gulus; while Hypisodus includes the smallest of the 
known species, the H. minimus, Cope, which was not h~avier than a cat
squirrel. In these musks, the first premolar teeth have a peculiar position, 
being more or less approximated to the incisor-teeth. The Leptomeryx 
evansii, Leidy, is a species of medium size, which has the permanent 
premo~ar teeth of the same form as the milk-premolars; while in Hyper
t?·agulus, the permanent premolars take on quite a different form, thus 
making a step in advance not attained by the former. It has been 
ascertained by me that Poebrotherium has the peculiar neck-vertebrm 
that belong to the camels, and also similar resemblance:;; in the forefoot, 
differing in both respects from Tragul-idm. Like the camels, it has only 
two toes, while Tragulidm have four; but then it is like the latter in 
having these toes entirely separate, as in a bog, and not united into the 
common bone of ruminants. The conclusion is that Poeprotheriurn is the 
prototype of the camels, and that it is near the common ancestor from 
which :Tragulidm seem to have branched off. This ancestor undoubtedly 
was nearly related to certain fossil ungulates found in the Eocene of 
France. 

INSECTIVORA. 

Numerous species of this order were discovered during the explora
tion of the Colorado Miocene. Two species only had been previously 
known in the formati?n, namely, the Leptictis haydenii and Ictops dako-
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tensis of Leidy, from the bad lands of Dakota, obtained by Dr. Hayden 
in 1866. These species are allied to both the hedgehogs and the tenrecs 
of Madagascar, and represent the larger forms of the order. A third 
species of the same gronp was found by the writer, viz, the lsacis cani
culus. }3ut the greaternumber of Bpecies discovered are of smaller size, 
and belopg to families of which no representatives had been previously 
known in the American Miocene. H erpetotherium, Cope, em bracing the 
greatest number of species and individuals, is possibly a member of the 
Talpidm, and presents affinities to the European genus Talpa, or the 
true moles. Domnina, Cope, and probably Embassis, Cope, present 
affinities to the Soricidm, so far as known. As elsewhere, the species 
are most frequently represented by rami of the mandible, often with 
beautifu11y-preserved dentition; but portions of erania are occasionally. 
found. Those of the latter in my possession are referable to three 
species. . One of them fortunately supports both mandibular rami, and 
~urnishes the entire dentition of the Herpetotherium fugax, the superior 
incisors only being wanting. Another com:~ists of a very elongate and 
compressed muzzle, with which a. cranium with base of muzzle may be as
sociated. They are described provisionally under the head of Dornninc~;. 

The generic types differ as follows : 
*Inferior molars (except rarely the posterior) similarly composed: 

Herpetotheriurn, Cope. Dentition: I., t; C., t; P.m.,!; l\I., f. Last 
inferior molars nearly similar to the others, which have the poste
rior pair of tubercles and the anterior one distinct; inferior canine 
large, .followed immediately by premolars. 

Embassis, Cope. Inferior molars without anterior cone; the' ante
rior lobe elevated, triangular in section ; posterior tubercles conic; 
last molar similar. 

Donznina, Cope. InferiQr molars three, with the outer posterior 
· tubercle a crescent, like the outel' anterior ; the inner posterior a 

cone ; anterior forming a sectorial edge with outer ; last molar 
smaller, consisting of one crescent and a heel; molars increasing 
in size anteriorly with anterior cone. 

**Inferior molars dissimilar, tubercular, and sectorial: 
Isacis, Cope. Last three molars with cross-crests; the one preced

ing with an anterior conic cusp and two median ones, with a broad 
heel, which supports a cusp. 

The total number of the species of lnsectivorct obtained by the expe
dition of 1873 is as follows, all of them being at the time new to science: 
HerpetotheTium, Cope .. ~ ......... _ .... _ . . __ .. . . . . . • . . . . . . . . . . 5 
Embassis, Cope ....... ~ .. _ . __ ................ - . ~ ......... - . - 2 
Do1nnina, Cope -............ ~ .......... _ .. __ . . . . . . . . . . . . . . . . . 3 
Isacis, Cope ......................... ~ ...... _ . . . . . . . . . . . . . . . . 1 

11 
HERPETOTHERIUM, Cope. 

Paleontological Bulletin, No. 16, 1873, p. 1.-Synopsis of New Vertebrata from the Ter-
tiary of Colorado, p. 4. 1 

This genus is more nearly allied to the existing genus Talpct .of the 
Palearctic region than to any existing North American form, so far as 
dental characters are conclusive. The number of mola,r teeth is greater; 
thus -H in the extinct to H in the recent genus.* If the inferior cani-

i( The dental formula given for this genus (Synopsis New Vertebrata, &c., p. 4) em
braces the figures, incisors !. This is a typographical error for t· I did not llave 
opportunity of reading the proofs. 

30 G S -
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niform tooth be regarded with F. Cuvier as a premolar, the numbers 
of the latter teeth must be read in these genera ! and t respectively. 
Since it is situated in advance of Jthe foramen mentale and closes in 
front of the superior canine, it is probably not a premolar, but a true 
canine, and the number of inferior incisors is correctly stated as four on 
each side. In the typical species, H. fugax, the superior molars are 
composed of two external triangles, and an internal (~.ingulum-like cres
ent, near the base of the crown; last molar with only one external tri
angle; premolars compressed, simple; canines large, simple, subverti
cal ; inferior incisors slender. 

The homologies of the cusps of the upper molars appear to be that 
the apices of the external triangles represent a median series •of cusps, 
while the longitudinal ridge forming their bases represents the ~usps of 
the external row. When in an unworn state, their apices are protiably 
more distinct. .At present, in the typical specimen, the ridge is not less 
elevated than the apices of the triangles. This genus differs from the 
Ta.lpidre and resembles the lsacidre in the fact that the cusps of the pre- · 
molar.s are homologous with the external one of the true molars, and not 
with those of the median series, as in the former family. But it agr~es 
with the Talpidre in the presence of two triangles and a well-developed 
internal lobe. All of the teeth, and especially the canines, are more 
robust than in Talpa and Scalops. 

The known species differ as follows : 
I . .Anterior cusp of molars well separated; several molars 

with. three ~usps on the heel : 
Size, medium ............................•...•. . H. tricuspis. 
Size, very small .......... _ ...................... H. huntii. 

II. .Anterior cusp well separated; heel (except of the last) 
with two cusps: 

Heel of M. 4 narrow; middle cusps moderate : 
Very small .....•......•...................... H. stevensonii. 
Large. . . . . . . . . . . . . . . . . . . . . • . .......... : ...... H. j'lJ;gax. 

Heel of M. 4 narrow ; middle ·cusps elevated much 
above heel: 

Medium.~ ................................... . H. scalare. 

HERPETOTHERIUM TRICUSPIS, Cope., Synopsis New Vertebrata Col., 
1~73, (October 16,) p. 5. · 
Represented by portions of :five mandibular rami. Posterior tubercle 

low, on the inner side, visible in all the molars. .A hia,tus between the 
first and second premolars; foramina below P.m. 1 and M. 1; canine 
well developed. 

Measurements. 
M. 

Length of dental series from canine, omitting M. 4 ...••....•••..••••....••••. 0. 0110 
Length of first true molar .................•...•............ _... . . . . . . . . • • • . • 0020 
Elevation of::fi.rst true molar.. . . . . . . • . . • . . . . . . . . . . . . . . . . . . • • . . . . . • . . . . . . . . . . • 0018 
Depth of ramus at third true molar ...... . ... . _ .•.. _ ... _. _ .. _. _ ..• _ ... _..... • 0027 

HERP~TOTHERIUM HUNTII, Cope, Synopsis, loc. cit., p. 5. 
The least species of the genus, represented by portions of three man

dibular rami with all of the molar teeth. 
All the cusps low, the median unequal, the anterior and posterior 

diYergent, the latter concealed by the former when in place, although 
well developed. Foramina below P.m. 2 and M.1. 
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Measu.rements. 
M. 

Length of dental series, omitting canine and P. m.l ................•••.•... - 0. 0072 
Length of first true molar ....•................................•..... -.- . - - - • 0013 
Elevation of first true molar.... . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . • . • . . . . . 0010 
Length of third true molar ............................................ -.... . 0013 
Depth of ramus at third true molar ...•........•........... -- •.. --.-- ...... - . 0019 

Dedicated to my friend Prof. T. Sterry Hunt, of Boston. 

HERPETOTHERIU:M STEVENSONII, 9ope, Synopsis, loc. cit., p. 6. 
A very small species. Median cusps of molars unequal ; the exter

nal much elevated,· and separated. by a deep notch from the . anterior. 
Heel of M. 4eontracted. 

Measurements. 
M. 

Length of last two molars .................. _ ...................... _.. .. .. .. 0. 0029 
Length of third true molar ............................. _.. . .. . . . .. . .. . .. . . . . 0015 
Elevation of third true molar ...................... _... .. .. • • .. .. • • .. .. .. .. . . 0012 
Depth of r:tmus at third true molar .... .... .. . . .. . .. . .. . . .. . . • ... ••• ••• ... . . . 0020 

.Abundant. Dedicated to my friend James Ste~ nson, of the United 
States Geological Survey, the discoverer of the deposit from which the 
fossils here described were procured. 

HERPETOTHERIUM 'FUGAX, Cope, Paleontological Bulletin, No. 16, p. 
1 ; Synopsis New Vert. Colorado, p. 6. 
Cranium wide ; interorbital region flat ; muzzle narrowed, but still wide 

and plane above. Mandibular rami long and slender; mental foramina 
below the fir~;t premolar and the first molar. The foramen infraorbitale 
anterius is sit}lated above the third premolar. There is a short diastema 
behind the first premolar in both jaws. There are rudimental basal 
tubercles fore and aft on the second superior premolar. The superior 
canine issues a short distance behind the maxillo-premaxillary suture. 
In the inferior molars, all of the five cusps are distinct to the 
base, except the median pair, which are connected by a deeply-notched 
yoke. Enamel smooth ; no cingula. The nasal bones are expanded 
behind and their posterior suture is medially emarginate. 

Measurements. 
M. 

Width of cranium at front orbit ............................................. 0. 0160 
Width of muzzle at canines . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0050 
Length of bases of crowns of four true molars of upper jaw ....... .'...... . .. . 0070 
Length of bases of five inferior molars............ . . . . .. . . . . . . .. . . . . . . .. . . . . ·• 0100 
Length of basis of crown of last molar .. .. .. . . . . .. . . .. . .. . . . .. . . .. . . . . . . . . . , 0020 

/ Length of basis of crown of penultimate molar ...... _ ............. __ .. .. . .. . . 0020 
Height of crown of penultimate molar.... .. . . .. .. . . . . .. . . .. .. .. . . .. . . . .. • .. . 0017 
Depth of jaw at penultimate molar ... ___ ............................ ....... . 0036 

Established on jaws of many individuals and a nearly complete cra
nium. These indicate a species of about the size of our common Sea-
lops aquaticus. ' 

HERPETOTHERIUM SCALARE, Cope, Synopsis, Vert. Col., 1873, p. 7. 
Readily distinguished by the increased disparity in the elevations of 

the anterior and twsterior portions of the molar teeth, resembling in 
this respect the Embassis alternans. It is a considerably larger species 
than the latter, and exhibits a distinct anterior cusp, of moderate eleva-
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tion, which is separated from the median external by a deep notch. It 
is entirely on the inner side, and sends a cingulum to the external base 
of the outer median. Fourth molar largest, heel narrowed, with -three 
tubercles. 

JJ.leasurements. 
M. 

Length of last three molars. _________________ . ___ •• __________ •• _. _ _ _ _ _ _ _ _ _ _ _ . 0060 
Length of second true molar._ . ___ . ____ . _____ . __ •• ______ ~ _________ .• __ • _ • _.. . 0020 
Elevation of second true molar------------------ •••••••..• -----·---- ••••• ,_ . 0022 

El\IBASSIS, Cope. 

Synopsis New Vertebrata Colorado, 1873, p. 4. 

This genus was instituted to receive a single species supposed to be 
allied to those o~ the preceding genus. Its prominent character con
sists in the development of the anterior three cusps at the expense of 
the post.erior two; the former forming a trihedral mass, to which the 
latter form but a basal appendage. In the typical species, the last in
ferior molar exhibits the same reduction in size seen in JJomnina, and, 
as I find that a seco d species agrees with it in all important re~pects, 
characters derived from it induce me to refe-r Embassis to a nearer rela
tion with that germs than I have heretofore indicated. This I formerly 
.described as HerpetotheriU'Jn marginale, but it evjdently pertains to a 
distinct genus, characterized by the presence of only three true molars 
of the inferior series. These present the general cha.racters of those of 
Embassis alternans, and, like it, differ from those of JJomnina gradata in 
having the outer posterior cusp a cone instead of a crescent. The last 
premolar is composed of two conic cusps, the inner the smaller, and sep
arated from the outer by a deep notch. The other premolars are wanting 
in the specimen ; but the characters observed indicate affinity with the 
Soricidw rather than the Talpidw, and probably a smaller number of 
teeth tqan in Herpetotherittm. · 

EMBASSIS ALTERNANS, Cope, Synopsis, Vert. Colorado, 1873, p. 7. 
Heel of molars with two low tubercles; the last tooth smaller than the 

penultimate. An antero-external cingulum. 

Measurements. 
M. 

Length of two last molars .••••.. - _ ••. _. - __ ••..••••• __ . __ . ___ ••.. ___ . _ . ____ . 0.0038 
Length of third· molar . _ •••• _. _ ••• ____ .• _. ____ .•••••. _____ . ___ __ _____ •. __ . _ . .0020 
Elevation of third molar. ____ . ___ •••.•.••• ___ •. __ ••• _. ___ .. __ .•.. _ •• _ _ _ _ _ _ _ .0018 

EMnAssrs MA.RGINALIS, Cope. Herpetotherium marginale, Cope, loc. cit., 
1873, p. 6. 
Anterior cusp close-pr.essed to the median pair, and united with 

them above :the base, forming a triquetrous mass elevated above the 
heel. The cusps of the heel ,two, more than usually elevated, and acute. 
A cingulum descending from the anterior and posterior cusps to the base 
of the median on the outer side. Only two cusps on the heel of the last 
molar. Cusps of the last premolar acute, smooth, and recurved. 

Tilis species is about as large as the JJomnina gradata, but differs from 
it in many respects besides those already noted. The first true molar, 
though larger than the third, is not ~so much so as in the JJ. gradata; the . 
anterior cr~scents are less open, the "heel more 'contracted, &c. 
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Measurements. 

Length of last thtee molars .•••••••....••••...•.......•••••.•.•••..•• ~ ••..• 
Length of third true molar •••.••••••.. ' .•.•••..••••..••••.......•••.......• 
Elevation of third true molar ...•. : . •••.•••....•••••.••.•..•.•..••.••••••• ~ 
Depth of ramus at third true molar ....................................... . 

. Two specimens. 
DOMNINA, Cope. 

469 

M. 
0.0052 
.0024 
.0018 
.0023 

Paleontologica.l Bulletin, No. 16, (August 20, 1873,) p.l.-Synopsis Vertebrat::~, Colomdo 
p. 4, ('); Miot,hen, Cope, loc. cit., pp. 4-8. 

Three true molars, the last reduced in size; first molar large, with the 
foramen mentale poste'rius below it, and a small alveolus for the root of 
a premolar in front of it. In front of this a considerable alveolus-like 
cavity rises toward the border, but is interrupted by fracture. ·These 
characters are derived from the specimen of D. gradata. In D. crassige
nis, the last molar is still more reduced. In none of the species is the 
premolar series preserved. 

Portions of two crania already mentioned are described here pro
visionally and without final reference. The form is narrower across 
the frontal region than in Herpetotherium fugax and plane above. · The 
muzzle is ab.ruptly contracted at the base, and maintains a narrow, 
compressed form to the end ; the nasal bones are convex in section, 
and narrow to their posterior e-xtremity. There are three premaxil
lary teeth on each side, the anterior of which is enlarged and directed 
downward and a little forward; base of crown an antero-posterior oval; 
of last, round. The numbers of molars and premolars is probably 
3-3; but the alveoli of the last true molars are obscured, so as to 
leave some slight question as to the presence or absence of a fourth. 
The first " premolar " is in the position of the canine of Herpetotherium, 
and probably represents that tooth, as there is no caniniform tooth in 
the present species. It is two-rooted, compressed, and with triangular 
profile. It is both preceded and followed by a short diastema. The 
other premolars are two-rooted. 

J1f.easurements. 

Length of premolar series of No. 1 .•••....•. _. •.· .•. _ ...................... . 
Length to M.1 of No.1 ....••........•••.•••• ···r·· ................ ···· .... · 
Width at P. m. 2 of No. 1 ...•..... _ •.....••.•......••.••......••..•••..•..• 

DoltNIN.A. GR.A.DA'.r.A., Cope, loc. cit., p. 1. 

M. 
0.0054 

.0090 

.0027 

Crowns of the molars composed of two rows of alternating tubercles, 
with an odd one in front. The inner tubercles are much the more ele
vated, and form the apices of V's, of which the inner commence the 
limbs. 

Three rows of acute tubercles on the inner, two on the outer side of 
each dental crown, the last pair of the last crown fused into a heel; the 
middle outer and anterior inner forming together a notched, sectorial 
yoke. A low cingulum on outer, none on inner basis of tooth-crown; 
enamel smooth. 

Measurements. 

Length of basis of three molars ...................... ---~-- •••••••••••••• .•• 
Length of basis of first mola.r . _ .. _ •.•••.•••••••••••..•••••••••••••••••••••• 
Length of basis of last molar ..••••••..••• _ •..••.•... _ •.•••••.••••• _ ••.••.•• 
Depth oframus at first molar •••••••.•••••••••••••••••••••••••••••••••• -• •• 
Width of first molar .•••••••••••••••••••••••.••••••••• · -: ·· •••••••.•.•.••••• 

M. 
0.005.1) 

.0023 

.0015 

.0026 

.0015 
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As compared with the He1"]Jetotheri~tm f~tgax, this species has a shal
lower mandibular bone and a larger anterior true molar. The sectorial 
character of the oblique yoke connecting the anterior inner and outer , 
tubercles and the crescentic character of the posterior outer are not 
nearly so well marked in the H. fugax. 

One specimen. 

DOMNINA CRASSIGENIS, Cope. Miothen crassigenis, Synopsis New Ver
tebrata Colorado, 'p. 8. 
This species is less robust than the last, and the last molar still more 

reduced. The cusps of the latter, though not well pronounced in the 
specimens, are homologous with those in D. gradata. 

Represented by two imperfect mandibular rami, with the posterior 
molars preserved~ Last molar longitudinal and diamoned-shaped, half 
the size of the penultimate. The latter composed of two exterior cres
cents; the cusps of the inner side worn down in both specimens, if they 
have existed. Ramus of the mandible deep. 

M easurmnents. 

Length of last two molars ......•.........••••.....•..•.........•.......••.. 
Length of third molar ...................................• ~. · .•••.......•... 
Depth oframus at third molar .•.•...................•.•.. , •.•••.....•..... 

M. 
.0.0022 

.0018 

.0030 

DoMNINA GRACILIS, Cope. Miothen gracile, Cope, Synopsis Vert. 
· Col., 1873, p. 8. 
This species is quite distinct from · those that precede, and may, in 

future, require the use of the generic narpe I formerly applied · to it. It 
is represented by a portion of a mandibular ramus, which is of slender ..,. 
proportions. The posterior exter!lal cusps have the crescentic form 
characteristic of this genus. 

Last molar nearly as large as penultimate, wi~h a low cusp at each 
extremity and an e~arginate cross-crest at the middle. Penultimate 
molar with three inner cusps and two outer crescents. Ramus of man
dible slender. 

Measurements. 

Length of last two molars .................................................. . 
Length of penultimate molar ........ : ..............•.. -- ~ --- .........••.•• 
Elevation of penultimate molar ......••.. ·--- .... ·----· .....•.•............ 
Depth of ramus at penultimate molar ......•...•••........................• 

ISACIS, Cope. 

M. 
0.0025 

.0012 

.0009 

.0021 I 

Paleontological Bulletin, (August, 1873,) No. 16, p. 3.-Bulletin U. S. Geol. Sur.vey 
Terrs., ~o. 1, 1874, p. 23. 

This genus embraces at present but a single species, which is known 
from numerous specimens discovered by the writer in the Miocene for
mation of Colorado. From these it appears that Isacis is closely allied 
to the Leptictis and Ictops of Leidy~ occupying a position between them 
in the system. In Leptictis the last premolar is sectorial in form,. con
Bisting of a single compressed longitudinal crest, without internal tu
berosity or cusp. In Ictops, the last premolar exhibits a structure similar 
to that of the first true molar, viz, two exterior cusps, and well devel
oped third on their inner side, thus giving a horizontal section of the 
tooth a subti:'iangular form. Inisacis, the last premolar possesses a single 
acute cusp, as in Leptictis, with an internal cusp or heel, homologous 

, . 
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with that in Ictops. Such peculiarities are generally regarded as tangi
ble definitions of generic groups, and are such in this case, although . 
they separate species which have considerable res~mblance in some other 
respects 'as far as known. 

~rhe molars of the superior series have two exterior compressed conic 
cusps and a stout subtriangular internal one. Behind the latter is a 
strong cingulum, supporting a rudimental cusp behind and within the 
principal one. Inferiorly, there are three tubercular molars, of which 
the two anterior are composed of two elevated cross-crests, which form 
partial V's, opening to the inner side. The sectorial supports three an
terior conic tubercles, the inner and outer equal, and a heel with a conic 
tubercle on the outer side. The number and character of the teeth in 
front of, this one are unknown. 

Portions of the cranium preserved present general characters of Lep
tictis. There is a strong postglenoid process giving support to a thin , 
zygomatic process. Behind the base of the latter, the squamosal is 
pierced by three large foramina, the inferior bounded by a ridge above 
and one below. The mastoid and paramastoid processes are rudimental, 
and the occiput is transverse and bounded by a well-marked inion. 
The petrous bone is large, and there is space for a large bulla, but its 
existence is uncertain. There is a longitudinal crest directed forward 
and inward in advance of the postglenoid process, which is probably 
in line wi.th the external pterygoid ala. · 

The cervical vertebra are short and transverse, and have well-developed 
laterial arterial foramina and diapophyses. The centra are depressed 
to a considerable degree, and are without hypapophyses. The neural 
arches are narrow, and without spines. The atlas is expanded, and has 
a very short diapophysis. The axis bas a solid obtuse processus odon
toideus. The dorsal vertebroo are smaller than the cervical in transverse 
diameter of the centrum, which so mew bat exceeds the length; the articu
lar faces are nearly plane. The intervertebral foramina are quite large, and 
the narrow neurapophysis is almost entirely occupied by the basis of 
the diapophyses. These are well developed, obliquely truncate below 
at the end, and grooved on the under side of the shaft. The neural 
spines are elevated, narrow, and acute in front. The ribs are :fiat, and 
the capitular and articular faces are well developed. 

The prasternum is shaped somewhat like the sternum of a bird. It 
has a prominent inferior longitudinal keel, which disappears posteriorly, 

· leaving a vertically oval face of articulation for the second sternal seg
ment. The superior face is slightly concave, and the o~ly lateral artic
ular faces are those for the attachment of clavicles, and are of consider
able size. The borders of the bone are but little contracted behind 
them. The scapula is elongate, and has an elevated crest, descending ab
ruptly near the glenoid cavity. The latter is an elongate oval, the border 
at one end more produced than at the other, and terminating in a short 
hooked coracoid. 

The hurnerus bas a protuberant bead and shaft, and condyles much 
flattened. The head '"is nearly 1800 in arc, is posteriorly directed, and 
of compressed form. On the inner side is a depressed tuberosity for 
the pectoralis muscle, while opposite to it the large deltoid crest rises 
as high as the head parallel to it. Distally, the condyles are continuous, 
nearly concave, and supplementfld by a huge inner and a smaller outer 

· tuberosity. There is no supracondyloid foramen, but a strong arterial 
foramen. 

The cast of almost the entire bra.in is preserved, and, as the parietal 
bones are want.ing, the proportions are clearly traceable. The olfactory 
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lobes are wanting, but were clearly attached at the extremity of the 
hemispheres. The superior face of the hemi8pheres and cerebellum 
together have a subquadrate outline, a little wider than long. The 
cerebellum is completely exposed behind the hemispheres, and is 
strongly angulate at its upper posterior border to fit the inion. The · 
vermis is nearly as wide as each lateral lobe. The surface of the hemis
pheres is smooth, and the sylvian fi!ssure distinctly indicated. 

In determining the affinities of this and the two allied genera already 
named, it is first necessary to ascertain the homologies of the cusps of the 
molar teeth. Insectivora and some genera of Marsupialiaarecharacterized 
by the presence of three longitudinal series of tubercles on the molar teeth. 
With the exception of the posterior molars of some Owrnivora, the 
arrangement usual among ~Mammalia is in two longitudinal series, with 
frequently but two in each row. In most Insectivora, the cusp or cusps 
of the median series are the most prominent, and those of the outer series 
sometimes entirely wanting. Hence, Mivart* homologizes the middle pair 
with those of the external series of the other Mammalia, the inner with the 
internal, and theouterareregardedasrepresentingcusps of a basal cingu
lum. Now, in the Isacidm, (i.ncluding Leptictis and Ictops,) the external 
cusps very are largely developed; there is one well-developed median and 
a rudimental internal cusp. · Are the external cusps onls cingular, or 
homologous with those that occupy the same position in other Mmnmalia j 
and what are their relations to the .corresponding ones of the premolars~ 

In the true molars of the opossum and tubercular molars of the dog, 
there are three rows of tubercles. In both, it is evident tbat the two of 
the outer series correspond with the outer tubercleA of the teeth which 
precede them in the jaw, and in which the inner tubercles are reduced 
in size and number. This is notably clear in comparison with the sec
torial molar of the dog. It might, however, be asserted that the sing'le 
outer tubercle of the last premolar in Isacis (and L eptictis) is homologous 
with that of the middle series of the true molars instead of the outer, 
and some color is giv(}n to this view from the internal position of 
the last premolar in Leptictis, so that its outer cusps range with the 
median of the true molars. This opinion is, however, readily corrected 
by a consideration, of the arrangement in lctops dakotensis, t where the 
last premolar exhibits both the median and internal cusps, so that the 
homology of the outer pair with those of the true molars--is assured. 

In Didelphys, in passing to the anterior molar, where the tllree series 
of cusps are not well defined, "\e observe that it is the middle tn bercles 
are the ones which disappear, the internal remaining. In the same man
ner., in tradng the series of forms from the horse to the tapir, we find 
the cusps of the middle series disappear, leaving the internal arid 
external to represent those of the original quadritubercular molar. In 
lctops aml probably lsacis, the median cusp is preserved at the interval 
of tbe last premolar. The case is quite different in Talpa and Scalops, 
where it is evident that, as we advance along the dental series forward, 
the cusps of the outer row disappear, and the external ones remain
ing repr.esent those of the middle series of the true. molars. As already 
indicated, the arrangement in Herpetotherium, is as in Isacis, and tht3 
premolars have, therefore,. an entirely distinct stru'cture from that 
.observed in the Talpidw. 

From the above considerations, it appears that the external, often mi
nute, cusps of the teeth of Insectivora are the honiologues of those of 

*See his valuable Memoir· on Osteology of Insectivora, Journ. Anatomy and Physi· 
&logy, vol. ii, p. 138. 

t See Leidy's Extinct Fauna of Dakota and Nebrask~, ·P· $1, Pl. :xxvi, Fig. 29. 
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true external series, and do not represent merely a cingulum. Compar
isons of the molars of the ex.tinct and recent forms are thus facilitated. 

In Chrysochloris and Centetes, according to 1\iivart, the extern a~ cusps 
are wanting. In the genera in which they are present, as Tupctilt, Talpa, 
Sorex, &c., there are two of the middle series, as in Herpetother,ium, and 
these add a strong internal lobe ah;o. In Erinaeeus, they are quadritu
bercula~e; but which pair represents the median, I am not yet sure. Tlle 
closest ftpproximation is nlade by the genera Potamogale and Solenodon, 
the former African, the latter West Indian. In these, the external cusps 
are present; there is but one well-developed median, and in the latter 
the internal is quite reduced. The molars of Isacis thus resemble most 
closely those of Solenoclon, (Brandt,) but the external cusps are more 
developed than in that genus. If, as is probable, the superior molars of 
Erinaceus possess only the outer and median pairs of tubercles, a re::;em
blance between the two may be traced; the existing genus differing from 
Isacis in its two median cusps. The single one of Isaqis is connected 
with the external ones by oblique ridges, as in Erinaceus; and on one of 
these is a rudimental tubercle, representing the seconq median cusp. 

In the lower series, the fqrm of the true molars is not unlike that of 
several diverse recent genera. It is quite unique in its large four or fiv·e 
cuspeu last premolar, which lias some resemblance to a modified secto
rial. The nearest approach to it which I oan discover among recent 
genera is the 1\iadagascar Galeopitltecus. 

In respect to the remainder of the skeleton, numerous characters dis
tinguish it from the Centetidce (which includes Solenodon) and the Potam
oga.lidm. Both of these lack the zygoma, which is present in lsacidm, 
and have the nasals co·ossified, while they are distinct in these Tertiary 
forms; Potamogale further lacks the clavicle. The presence of the zy
goma without postorbital processes is a point of resemblance to Er'i
naceu.s, but the strongly-keeled presternum and absence of cervical neu
val spines are found elsewhere in the Talpidce. In the presence of the 
humeral arterial foramen, it again differs from Erinaceus and resembles 
other forms of the order. 

Thus the affinities of lsacis are quite complex, and abundantly indi
cate its position and that of tlle two allied genera to be in a family dis-
tinct from any now in existence. ' 

IS.ACIS CANICUL US7 Cope, loc. citat. 
This species is represented by portions of the skeletons of six indi

viduals. All of these Jack the anterior teeth of both jaws, while one 
inclu~es mandibular teeth with vertebrm, ribs, humerus, scapula, pre
sternum, a large part of the cranium, &c. 

The basi-occipital is "three-keeled below, and the petrous bone with a 
longitudinal concavity below. 'l'he edges of the outer lobes of the first . 
superior molar are acute. '!'here is no external cingulum, but the diago
nal crest from the median cusp passes to the posterior base of the pos
terior outer. There is a short but strong cingulum on the posterior 
base of the median lobe, which terminates in a small internal cusp. The 
rudimental anterior middle cusp is on the anterior diagonal ridge, which 
does not reach the base of the outer anterior cusp. The outer cusp of the 
last premolar is elongate and compressed ; the inner cusp is small, acute, 
and opposite the posterior margin of the outer; enamel smooth. The 
anterior of the two prisms composing the inferior true molars is more ele-

. vated than the posterior. The crests of each form a V with the obtuse 
apex outwaro, and the anterior limb is shorter tllan the posterior. The 
last molar is a little smaller, and is produced behind by the addition of 
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a, small median lobe. Jn the last premolar, the conic cusps are well 
separated, and the inner one of the heel .is insignificant. This tooth 
appears to have been the last one protruded ; its temporary predecessor 
is distinguished by the obtuseness of the cusps, especially of the ante
rior one. .Mandibular ramus deep, compressed, without inferior hook 
as far as opposite thte basis of the coronoid process. 

Measurements. 

Length of sectorial and two tuberculars ...........•..................•...... 
L engt.h of sectorial alone ...............••.•.....•...••..••................ 
vVidth of sectoriaL ....•...••.•........................•................... 
Width of first tubercular ...................... ~ .•••....•.................. 
Length of first tubercular .. _ ............................•..•••............. 
Depth of jaw at first tubercular ............•••.......••.•••.............•.. 

Size of a skunk. 

RODENTIA. 

M. 
0.0210 

.0045 

.0020 

.0030 

.0032 

.0060 

Species of this order are numerous in the Tertiary of Colorado, and . 
the individuals were more abundant than those of any otller type of 
mammalia. Hnndreus of specimens of some ofthe species were found, 
which range from the size .of a marmot to even less than tile domestic 
mouse. The relationships of these are as follows: 

Muridrn: 
Eu1nys, Leidy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Sciuridrn : 
Sciurus, Linn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Gymnoptychus, Cope ......... _ . . . . . . . • • . . . . . . . . . . . . . . . . . . . . 2 

In certrn sedis : 
Heliscomys, Cope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 1 
Ischyrmnys, Leidy ........ ................. ~.... . .. . . . . . . . . . 1 

Leporidrn : . . 
Palmolagus, Leidy ........................•. _. . . . . . . . . • . . . . . 4 

10 
EU.l\iYS, Leidy. 

M~ts (Euntys), Leidy. 
The single species em braced in this genus is neatly allied in dental 

and the Jrnown portions of its cranial characters to those of the existing 
genus .ltfus. The only distinctive feature which I can discover is that 
the supraorbital ridges rise from the lachrymal bones, anu unite, forming · 
a median keel between the orbits as in the Fiber. Whether it is found 
in any of the numerous existing species of Jl!~ts, I cannot state; but the 
frontis plane and the superciliary ri~ges are well separated in JI.Ius 
(lecumanus. The foramen infraorbUale anterius is much as in Mus 
decumanus, being large and continued into a fissure below. The denti
tion is also similar, including the composition of the molars. These 
support two rows of obtuse tubercles, the number increasing with the 
size of the teeth from behind forward. Formula : I., t ; 0., %; M., j-. 

EuMYs ELEGANS, Leidy, Ext. Panna Dakota and Nebraska, p. 342, Pl. 
· · xxvi, Figs. 12-13. . 

This species is exceedingly abundant in the Colorado Miocene, and 
many specimens were obtained.. These display considerable variation · 
in size and robustness; some, perhaps males, having the muzzles stouter 
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in proportion to the length than others ; some more decurved than 
· others. 

With molar teeth as large as those of the Norway rat, the muzzle is 
not more than two-thirds as long, so that the species was in general pro
portions smaller and more robust. 

HELISCOMYS, Cope. 

Synopsis New Vert. Colorado, 1873, p. 3. 

Ch.ar. gen.-Inferior molars four; the crowns supporting four isolated 
cones in pairs. This genus is only known from mandibular rami. These 
resemble in their dental structure some of the Muridm, but the number 
of molars is more, as in Sciuridm. In Myops, Leidy, of the Bridger 
Eocene, the dental cusps are connected by cross-yokes. 

HELISCOMYS VETUS, Cope, loc. cit., p. 4. 
Char. specif.-First molar with only three cones; all the molars except 

the first with a broad contiguous cingulum on the external side. H,a.mus 
rather stout; incisor-teeth very slender, elongate, slightly compressed, 
with parallel sides and convex anterior face. 

Measurements. 

Length of molar series ................••••.•• ·- .•.......•...•............... 
Length of third molar .• _ •••........ _ ..........•............................ 
Elevation of third molar ................. _ ......... _ ...................... . 
Depth of ramus at third molar ........................................... .. 
Length of ramus to end of molars ......................................... . 

The least mammal of the fauna to which it pertains. 

SCIURUS, Linn. 

M. 
0.0030 
. 0008 
.0005 
.0023 
• 0010 

SorURUS _RELICTus, Cope. Paramys relictus, Cope, Synopsis New Vert. 
Colorado, 1873, p. 3. 
This species is established on two left mandibular rami, with all the 

teeth complete. It was referred to the genus Paramys, because I found 
no difference between the corresponding parts in the respective species; 
but as the characters of the latter are chiefly observable in the maxil
laq' teeth, the reference was not final. As it does not differ in any 
degree from corresponding parts of the existing squirrels, I place it for 
the present in the same genus with them, as the safer course. 

The teeth increase regularly in size from the front backward. The 
transverse crests are marginal, and terminate in cusps at the inner 
extremity, which are separated by a lower acute median cusp. A 
longitudinal crest connects the crests just within their outer extremities; 
it exhibits a loop directed outward. A low ridge passes from the 
posterior outer buttress, just in front of the posterior margin1 in the last 
two molars. Anterior cusps of first molar contiguous. 

Measurements. 

Length of ramus to end of M. 4 .... . .. ___ .................................. .. 
Length of molars ...•...........•••. _ .......•......... _ ................... . 
Length of third molar ....•. ----····--· ............ ____ ..........•....•..... 
Width of third molar ............••.... _ ..•••. _. _ •..........•.•..........••• 
Depth of ramus at third molar ......................................... --·-
Width of incisor .. . •••....•............ _ ...•••.•....•....••.•.••••••••.••• · 

Size that of the chickaree, (Sciunts hudsonius.) 

M. 
0.0120 

. 0088 

.0015 

. 0018 1 

.0050 

.0015 . 
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GYMNOPTYCHUS, Cope. 

Paleontological Bulletin, No. 16, p , 6. 

This genus is allied to the squirrels, differing as to cranial characters in 
the structure of the molar teet b. These exhibit m the superior series two 
crescents on the inner siue, connected by transverse yokes with two cusps 
on the outer; in the lower jaw the crescents are on the outer, and the cusps 
on the inner side. The yokes are separated by deep valleys without 
cementum, which do not wear out so readily as in Sciurus and marmots. 
It differs from both thesegenerainits two well-defined crescents in both 
dental serif's. It agrees with them in the position of the foramen in
fraorbitale anterius, which is small, inferior, and situated in advance of , 
the dental series. There are four molars, which do not differ materially 
in ~tructure in both jaws. Two species are known, a larger and a 
smaller. 

G;yMNOPTYCHUS '.rRILOPHUS, Cope, Pal. Bulletin, No. 16, p. 6. G. 
nasutus, Cope, loc. cit. · 
Inferior molars with two cross-crests and two cingula from the ex

ternal cones; each posterior crest of a pair terminating. in an interior 
cone. The inner apices of the crescents unite and give origin to a 
short median cross-crest~ First molar narrower; the anterior part of a 
ranium probably belongs to the same species. The first molar has a 
subround crown, with four tubercles; the second is constructed like the 
corresponding inferior. Muzzle much compressed; nasal bones flat, 
extending to beyond above incisors. 

Measurements. 

No.1. 

• 
Length of interior three molars .•••. ____ •... __ ...... _ .. _·_ ...... _ .......... . 
L~ngth of firs.t mo~ar ........................................................ . 
Diameter of 1nfenor Incisor ..•..•.........•. ~ •......•.................•.... 
Depth of ramus at second molar ......•...•. _ •.............................. 
Length of diastema above ... _ ...........................•.•.••..•......... 
Width of a pre-orbital region .............................................. · 

. Width of end of muzzle . ~ ...•.. ~ .........................•••.............. 

No.2. 

Length of four molars .•.....................•..........•••••.••••.••••.... 
Length of second ntolar .... _ ................•............... _ ..•.•.••.....• 
Width of second molar ....................•....•..........•.........•...... 
Deptll of ramus at second molar .........•..•....•...............•.•••..•... 
Width of lower incisor .............................••••................. _. 

GYMNOPTYCHUS MINUTUS, Cope, Pal. Bull., No. 16, p. 6. 

M • 

0.0045 
.0015 
.0008 
.0036 
. 0080 
·. 0073 
. 0030 

0.0070 
.0017 
• 0015 
.0035 
.0010 

A very small species. Middle pair of molars with the anterior and 
posterior cross-crests bifurcate, and a short median cross-crest; only 
three cross-crests on 1he fourth, and four tubercles on the first. llamns 
~~ I 

Measurements. 

Length of inferior molars .....................•......•.•..•........•....... 
Length of second molar ..•....••••......•..............•.......•...•.....•• 
vVidth of second molar ................•.............••••...•.•••••. _ ..••••. 
Transverse diameter of incisor ....••••.•.• -··- ...•...••..••.••...•••••.•.. ·• 
Depth of ramus at second molar. __ ••••••••• _ ••....•••••••••.••••.••........ 

Scarcely larger than the house .. monse. 

M. 
C.0040 
.0010 
.0010 
.0008 
~(30 
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ISCHYROlVIYS, Leidy. 

Proceed. Acad. Nat. Sci. Philad., 1856, p. 89.-Extinct Fauna Dakota and Nebraska .. 
335.-Cowtaxis, Cope, Paleontological Bulletin, No.15, p.1. 

Char. gen.-The essential features are, dentition, I., t; C.,&; M~, t; the 
molars with two crescents on the inner side above, each of . which 
gives rise to a cross-ridge to the outer margin. In the mandibular series 
the crests and crescents have a reversed relation. No cementum. 

Dr. Leidy remarks that this genus belongs to the family of the Sciu- ' 
ridm. This is indicated by the dental characters; but in some other 
respects there is a greater divergence from the squirrels and marmots 
than is the case with the preceding genus, Gymnoptychus. Thus, there 
is a large foramen infraorbitale anterius, which occupies the elevated 
positic;m at the origin of the zygomatic arch seen in the Fiber, the porcu
pines, and cavies. There is no superciliary ridge nor postorbital process 
as in most Sciuridm, but the' front is contracted between the orbits in 
the same manner as, but to a less degree than, in Fiber, and the Eoceqe 
Pseudotomus, Cope. Both the last-named and Ischyrornys present many 
points of resemblance to Po mel's tribe of Protornyidm, but differ from 
any of the genera he has included in it. 

ICHSYROMYS TYPus, Leidy, loc. cit. Colotax_is cristatus, Cope, Pal. 
Bull., No.15, p.l. Gyrnnoptychuschrysodon, Cope, Zoe. cit., No.16, p. 5. _ 
First upper molar a simple cone. Incisors quite compressed. First 

inferior molar a broad oblong; the cusps opposite, the anterior close to
gether. The two posterior cro~s-crests do not form a V; the anterior 
being interrupted at the cusp. There is a delicate tubercle between the 

· outer cusps of the three last molars. The incisor is compressed; the 
anterior and outer faces being separated by an angle. 

Measurements. 

Length of molars ..........................•••..•.......••..•... ....•. .. -·-... 
Length of penultimate molar .. _. __ ... __ . _ .. ____ .•. _ .... _ ... _. __ ..... _ .. __ .. 
Width of penultimate molar __________________________________________ • _ .... 
Width of first molar .. ____ ---- .... _________ ___ ------ ____ ••.•.... ---· ------ --
Length of first molar ______________ .• ___ • ___________ ... ___ • __ . ___ .. _ . ______ _ 
Depth of jaw at penultimate molar.---- ...... ---·--·----- .... -------- __ ----
Depth of incisor-tooth ________ . __ . ______ .. _ .. __ ••••. _. ____ . __ • ___ . ____ • _. _ •. 
Width of incisor-tooth ________ .. _ •. ___ •. _ •.••.•..• _ .. _ •. _ •••.. ____ . __ . _. _ . _ .• 

M. 
0.014p 

.0033 

.0035 

.0030 

.0035 

.0090 

.0040 

.0020 

The skull is broad and stout but not depressed; muzzle broad above; 
short; front moderately contracted ; no postorbital processes. 

This species varies considerably in the form of the premolar teeth, 
and I believe the above names refer to varieties, not to species. 

PAL1EOLAGUS, Leidy. 

Proceed. Acad. Nat. Sci. Philad., 1856, p. 89.-Ex.tinet Mamm. Dakota and Nebraska,;. 
331. 

As observed by Leidy, this genus presents the same number of teeth 
as in the existing rabbits, viz, I., -f; C., g; M., !; and that the difference 
consists in the fact that the first molar possesses two columns, while in 
Lepus there are three. Having collected a great number of remains of 
this genus, I am able to show that it is only in the immature state of 
the first molar that it exhibits a double column, and that in the fully 
adult animal it consists of a single column with a groove on its external 
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face. The dentition undergoes other still more important changes wit.h 
progressing age, so as to present the appearance of difference of species 
at different periods. These are explained under the head of the P. hay
denii, the most abundantly represented in the collections. It may be 
mentioned here that in neither P. haydenii nor P. turgidus is there any 
evidence that more than two anterior molars are preceded by decidu
ous teeth, while the latter are present in many specimens. 

P .AL.lEOLAG us .AGAPETILlL us, Cope, Paleo~tological Bulletin, No. 15, p. 1. 
Established on a mandibular ramus with the first and last permanent 

molars just protruding. Size the least in the genus, not exceeding the 
P. haydenii in the milk-dentition, but more robust and with larger in
cisor-tooth. Form of the ramus wedge-shaped, contracted, and convex 
on the outer side forward. Molars all composed of two columns, the 
anterior the more elevated, the fore portion ~urrounded by its distinct en
amel sheath, with a narrow intervening band of cementum. Posterior 
molar much reduced in size ; posterior column of molars with a median 
posterior rib, which forms a loop in section. Anterior column much 
more elevated than posterior. The section. of the slender incisor is 
nearly a right-angled spherical triangle. 

Measurements. 
. M.. 

·Length of molar series ...•...........••....••........... ·.. . . . . • . . . . • . . . . . . . . 0.0100 
Length of penultimate molar .•.................................•..... ~.. . . . . .0020 
Depth at penultimate molar.... . • . • . . . . • • . • . . . . • . . . . • . . . • . • . . . . • • . . . • . . • . . . . .0070 
Depth at first molar. . . . . . . . . • • . . . . • • • • . • . • • . . . . • . . . . . . . . . . • . . . . • . . . . . . . . . . . . .0050 
Transverse thickness at first molar .....•••••. ·... . . • . . . . . . • . . . . . . • . . . . . . . • . . . .0037 

P .AL.lEOL.AGUS ·H.AYDENII, Leidy. 
The earliest dentition of tttis species known to me is the presence of 

the two deciduous molars, tpe first and second in position, before the 
appearance of any of the permanent series. Each of these has two 
roots, and the crown is composJd of t}_lree lobes. In the first, the first 
lobe is a simple cusp; the two following are divided into two cusps 
each ; the second is similar, exc pting that the simple cusp is at the pos
terior end of the tooth. The grooves separating the lobes descend into 
the alveolus on the outer side, but stop above it on the inner·. The 
measurements at this stage are-

Measurements. 
M. 

Length of two milk-molars ..•...................•...••••...• ..••...•...•.... 0.0050 
Depth of ramus at No.2.................................................... .0042 
Depth of ramus at diastema................................. . . .. .. .. • . . . .. .. .0032 

In the next stage, the third permanent molar is projected, and bas, 
like the seoond deciduous, a posterior simple column, whose section 
•forms an odd cusp or lobe. The fourth true molar then follows, also with 
an odd fifth lobe behind. This lol>ed form of the molars is so different · 
from that of the adult as to have led rue to describe it as indicating 
peculiar species under the name of Tricium avunculus and T. anncc. 

In the next stage, the fifth small molar appears. in view, and the second 
permanent molar lifts its milk-predecessor out of the way. In a very 
short time,. the posterior, or odd, columns entirely disappear, sinking into 

. the shaft, and th~ permanent molars assume the form characteristic of 
the species. The last stage prior to maturity sees the first milk-molar 
shed, and the younger portion of the first permanent molar protruded. 
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There is the merest trace of a posterior lobe at this time, and that speed
ily disappears. The anterior lobe is subconical, and is entirely sur
rounded with enamel. By attrition, the two lobes are speedily joined by 
an isthmus, and for a time the tooth presents an 8-shaped section, which 
was supposed to be characteristic of the genus. Further protrusion 
brings to the surface the bottom of the groove of the inner side of the 
shaft, so that Hs section remains in adult age something like a B. 

Ths measurements of a medium-sized adult are-

M. 
/ Measurements. 

Length of inferior molar series . . . . . . . . . . . . . . . . . . • . . • • • • • . • • . . . . . . . • . . . . . . . . . 0.012 
Length from M. 1 to end of incisor........................................... .012 
Length of diastema ..................... ........•.• ~. • . . . . . . . . . . . . . . . . . . . . . . .008 
Length of crown of M. 1 . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .0029 
Elevation of crown of M. 1 above alveolus .................. . . • . . . . . . . . . . . . . . . .0035 
Depth at M. 1 .........•................••.................... _..... . . .. . . . . . .OOiO 
Depth at }1. 5 ............ _. __ ......................... _.. . . . . . . . . . . . . . . . . . . . . .0085 
Inferior diameter of ramus below M. L... ...... ...... .... .... .... .... ...... .. .0040 

Several hundreds of specimens of this species were observed. 

PAL1EOLAGUS TURGIDus, Cope, Pal. Bull., No. 16, p. 4. Tricium pa
niense, Cope, loc. cit., p. 5. 
The largest species of the genus. Molars with two simple columns, 

the first and fifth grooved on the outer side only; the interior grooves 
of the others weaker. A porous enlargement on the inner inferior part 
of the ramus just behind the symphysis. Diastema obtuse. 

:Measurements. 
M. 

Length of molars ..•.............................•..........••.•............ 0.016 
Length of three median molars....... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .010 
Depth of ramus at central molars............................................ .011 
Width of central tooth.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . • . . . . . . . . . . . . . . . .0035 

The deciduous molars present much the same character as in P. ha,y
denii, except that there is scarcely a trace of the odd posterior tubercle 
on the second. The posterior root of the latter extend$ to the bottom 
of the alveolus. The grooves of erown do not descend to the alveolus 
on either side. Measurements .of such a specimen are-

Measurements. 
M. 

Length of two anterior molars . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . 0.0068 
Length of first molar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .0032 
Width of first molar.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .0021 
Depth of ramus at first molar . . . . . . • . . . .. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .0085 
Depth of ramus at diastema.... . . . . . . . . . . . . . . . . . . . . . . • • . . . • • . . • . . . . • . . . . . . . . .0061 

P AL1EOLAGUS TRIPLEX, Cope, Paleontological Bu11etin, No. 16, p. 4. 
This species rests on -charracters which I have observed to be tran

sitional in the P. haydenii, and I have attended to the possibility of the 
individual which has furnished them being a similarly immature P. tur
gidus. In a considerable number of specimens of the latter, no approach 
to the present one is exhibi.ted; the latter is a fully-grown animal, and 
its characters would remain after considerable attrition of the teeth has 
been reached; size of the last ; first and last molars deeply grooved .. 
on both sides, as well as all the rest; first molar with a trifolium-lobate 
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crown. Median three molars with a narrow posterior column, ali in P. 
agapetillus. · Punctate patch on inner face of ramus extensive. 

JJ1easurements. 
:M. 

Length of molar series ........................••.......•••.....•.•...... -.. c .016 
Length of median three molars.............................................. .010 
Width of median molar.... . . . . . . . • . . . • . . • . . . . • . . . • . • . . . . . . . • • • • • . . . . . . . . . . . • .003 
Depth of ramus at median molar ........................ ~. .. .. .. .. .. . . . . . .. . • .011 

This species and the last are rather larger than the prairie-marmot, 
( Gynomys ludvicianus.) 

PERISSODACTYLA. 

SYMBORODON, Cope. 

Paleontological Bulletin, No. 15, p. 2, (August 20, 1873.)-Synopsis Vertebrata Col
orado, 1873, p. 14.-Proceed. Amer. Assoc. A.dv. Sci., 1B73, p. 109. 

A genus embracing species, so far as known, of large size, allied to 
Titanotherium, Leidy, and belonging to the same family. Its affinities 
are indicated by the following description : · 

Dental formula: I., 5; C., t; P.m. t; M., -J. Teeth reduced in size an
teriorly ; no diastema behind the canine. Molars consisting of two 
external aud confluent crescents, and one or two internal cones. In the 
larger premolars, there are two, sometimes confiuen t, cones; in the mo
lars, the posterior cone is sometimes much .reduced, espe~tally on the 
third, w bile on the second and third a small third one is sometimes 
added in front. The mandibular teeth are constructed like those of 
Palmotherium, i. e., of two c;rescents with the horns directed inward, 
the middle two united, and the third molar with a third posterior one. 
The superior incisors are very small and with obtuse crowns, and are 
separated by a median interval; the inferior canines are separated by 
a short edentulous space, with thin alveolar margin openly emarginate. 

The cranium is remarkably elongate in proportion to its width, ex
~epting in those species where the zygomas are so expanded as to modify 
the proportions. The top of the skull is fiat or convex in transverse direc
tion, and the well-separated temporal fossre are overhung by the angular 
or produced borders. The temporal fossffi are well produced posteriorly, 
in some species remarkably so, and, with the supraoccipital border or 
horizontal crest, inclose a deep occipital fossa. The inferior border of 
the fossa is continued to the zygoma. The zygomatic fossa is rather 
narrow, but the squamosal process is sometimes horizontally expanded 
to a great mass. There are no postorbital processes, and in all the 
species the orbits are small. The foramen infraorbitale is very large, 
and is a simple perforation of the thin wall boundiug the orbit in front. 
A narrow column · separates it from the orbit exteriorly, and a stouter 
one from the external nasal meatus. . The latter is large and ·very little 
incised behind the premaxillary border. Hence the fore portion of the 
nasal bones is very short. The lateral walls, anterior to the orbits, are 
directed somewhat anteriorly, so that, viewed from the front, there is a 
considerable border on each side of the nasal meatus, bounded by a lat
eral vertical angle, and pierced below by the foramen infraorbitale. The 
borders, of the nasal bones are thickened, and often ridged below. The 
premaxillaries are small and fragile. 

The m,axillctries rise above the level of the orbit in a solid support for 
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a stout horn-core, which is principally composed of a production of the 
nasal bone.-- The distance to which these supporting elernents rise dif
fers in the species. The horn-cores are a striking feature of the genus, 
and vary in shape and proportions in the species. · In one, they areru
dimental; in others, short and stout; in another, long, slender, and curved. 
The nature of their investing membrane remains unknown, but the ex
tremities in several of them (S. a,cer, S. bucco) are so rugose with 
coarse exostoses as to suggest strongly a cartilaginous or corneous 
appendage or continuation representing the deciduous born of the deer. 
The nasal bones are co-ossified in most of the species, and present vari
ous forms in the different species. In all the specimens, the sutures on 
the upper face of the skull are obliterated, so that it is difficult to deter
mine the true structure. The orbits being far anterior and but little 
behind the lipe of the bases of the horn-cores, it is evident that the 
frontal bones are produced well forward. The nasals are, however, pro
duced broadly between the anterior portions of the frontals. 

The basioccipital and basisphenoid are narrowed and bounded by a 
large confluent foramen lacerum anterius et posterius. The petrous bone 
is small and deeply set. There is a transverse paramastoid process, 
and a very large transverse postglenoid process. The mastoid process 
is thickened and recurved so as to be nearly in contact with the post
glenoid, and to inclose the external auricular meatus. The side-w·ans 
of the posterior nasal -meatus aff~ prolonged, and form an abFupt obtuse 
angle posteriorly where the border rises to the basisphenoid. The pyra
midal process of the palatine, the pterygoid, and the pterygoid ala of 
the sphenoid, which compose each, are closely co-ossified. 'l'he external 
side of this plate is deeply longitudinally grooved, which terminates 
posteriorly in a foramen, the spheno-orbit.al. The posterior ·base of the 
plate is longitudinally perforated, and in line with this short tube is a 
large foramen opposite the glenoid cavity. The foramen ovale is prob
ably confluent with the f. la.cerum anterius as in Eobasileus and Rhino
cerus. The palate is incised to th€l front of the last molar. In outline, 
it is quite narrow when compared with the large molars; the diameters 
of the two being about equal. 

The mandible is small when compared with the cranium, and contracts 
rapidly forward. The condyle is large and transverse, and the coronoid 
process small, narrow, and close to the condyle. The angular region is 
strongly convex both backward and downward. The inferior margin 
of the ramns is without tuberosities, and the symphysis co-ossified, 
shallow, and oblique. 

The cranial clwmber is elongate, and is divided .into three departments 
· for corresponding segments of the brain. The posterior is elongate

oval, for the reception of the cerebellum. It is separated from the 
median division by a thin tentorium, whose union with the superior 
walls indicates that th~ cerebral hemispheres did not overhang the cere
bellum. The anterior border of the hemispheres is indicated by a 
thickened, arch-like contraction of the lateral and superior cranial walls 
within, and is situated much behind the orbits, as in perissodactyles 
and some carnivora. This chamber is divided longitudinally by a thin 
falx, and each posterior lobe is again divided vertically by a thin osseous 
sept,um, thus accommodating two convolutions. The external of these 
is supported underneath by a thin septum from the outer wall. The 
falx divides or forks at its anterior extremity into two vertical laminre, 
which continue parallel to each other to the inner bases of the nasal 
horns. They are here continuous with the external wall, forming the 
posterior boundary of the anterior narial opening. They form the 

31 G S 
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lateral walls of the long nasal fossa, and inclose a large chamber on 
each side with the lateral cranial walls. This sinus appears to be sepa
rated by a thin osseous septum from the brain-case proper; the Reptum 
extending from above obliquely forward and downward! altogether 
behind the arch-like projection of the frontal bone above descr1 bed. As 
it is not perforated, it gave no exit for the olfactory nerves. I cannot 
detect the proper boundary -separating the hemispheres from the olfac
tory lobes, as their usual position, both in front ofand behind the frontal 
arch, is included in the large sinus above described. The nasal fossa is 
divided by the usual septum, and each half communicates with the 
large fossm above mentioned by a large longitudinal oval foramen. In 
one ·specimen of Symborodon acer, in which this lateral septum is almost 
entirely preser-ved, ;there is no indication of attachment of turbinal 
bones, but the surface is smooth. On these and the median septum, the 
olfactory nerve was, no doubt, distributed. The olfactory lobes were 
contracted in dimensions, and the large lateral sinuses in front of them 
are doubtless the frontal sinuses of the mammalian skull. Their length 
is 'double that of the brain-case, and they extend far posterior to the 
orbits and above and behind the olfactory lobes. They do not appear 
to have been divided by septa, excepting a small one springing from the 
o0uter wall near the posterior fourth in S. acer, and n~ar the same place 
from the inner wall in S. trigonoceras. This huge cavity was doubtless 
.an air-chamber, which gave a lightness to the skull not otherwise 
attainable consistently with its great length, and which has rendered 
the use of the nasal horns entirely practicable. They explain the elonga
tion of the skull in the Eocene genera Eobasileus and Uintather-iuttn, 
:and prove that the sinus a,t the base of the horns of ·the middle pair is 
the frontal sinus and not the -alveolus of the canine tooth, as. supposed 
by Marsh. • · 

The cervical vertebrm in all the species are concavo-convex, and much 
deeper than long ; they are longer than in Eobasileus. The odontoid 
process is a solid cone ; the coracoid process is a tubercle ; there is no 
acromion; and the spine of the scapula rises gradually from its ,base. 
The ilium is strongly pedunculate. 

In S. bucco, the femur has a third trochanter, and is relatively longer 
than in Rhinocerus. There is a fossa for the round ligament, and the . 
condyles are expanded. The fibula is enlarged distally, and is distinct. 
The phalanges, including the ung-ueal, are very short. The c2rpals 
.jnterlock ; and the ulna is much reduced, giving the carpal" articulation 
to the radius. 

The S. acer is the smallest species described, and has the longest 
horns. Its astragalus resembles that of Rhinocm·us~ having a deeply
grooved trochlea and well-defined head and neck. The cuboid facet is 
1-ather larger than in that genus, but is considerably smaller than . the 
navicular, ~nd extend3 w~th an acuminate outline behind it; as in .Eoba
.sileus .; otherwise it has no resemblance to that element in that genus. 
The metatarsals have much the form of those of Rhinocerus. 

The palate is deeply incised, as in Rhinocerus, and other cranial pecu
liarities resemble those of that genus. In no case are any -traces of 
inferior incisors present in the numerous under-jaws at my disposal. 

In estimating the ordinal affinities of the genus, the greater number 
;at once assign it to the Perissodactyla. The teeth,* the iiiCised palate, 
the distribution of the cranial foramina, including the perforation of the 
.pterygoid, the postglenoid and paramastoid processes, are all characters 

*·See the .st.ructure and Homologies of Molar Teeth of Mammalia., by E. D. Cope, 
..:Journ . . Acad. :Sci., Philad., 1874. 
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of that order. The scapular .and pelvic _arches have the same significance 
in the gradually-descending spine of the .former and pedunculate ilium 
of the latter. The limbs testify to the same effect, and in the third trochan
ter of the femur, (small, it is true,) the digitigrade hindfoot, with attend
ant modifications of the structure of the calcaneum and astragalus. · 
Its only indications of other affinity are a few toward the Eobasileidm, 
seen in the enlarged cuboid facet of the astragalus, the elongate femur 
with reduced third trochanter, and the paired horns on the anterior part 
of the cranium. They present no special marks of affinity to the artio
dact.yles, and show that -the paired horns of the Eobasileidm have_ no 
·significance in the same direction, as has been supposed by a recent 
writer on this group. 

As compared with the Rhinoceridm, the principal distinctions are to 
be observed jn the feet, in which the median pair of toes are less un
equal in proportions. The cranium is still more abbreviated in front 
and the orbits more anterior, while the bilateral arrangement o~ horns 
belongs exdusively to the extinct. ~he structure of the molar teeth is 
distinct, but not widely so, and represents a more primitive type, and 
one approximating the bunodont forms of Proboscidia and Artiodactyla, 
and lower types. The same type of detention is displayed by Palcesyops, 
Leidy, of the American Eocene; Ohalicotherium,* Kaup, of the Miocene 
of Europe and Asia; and Titanother·ium, Leidy, of the -f\._merican Miocene. 
It is with tbe lat.ter genus that comparisons must now be made. 

Ti-ta.notherium proutii, Leidy, is a large species, originally described 
by Dr. Hiram Prout in the American Journal of Science and Arts t as a 
Palmotherium. It was based on specimens brought by Dr. Prout from 
the Missouri. Subsequently, Messrs. Owen, Norwood, aud Evans named 
it Palmotherium ~ Proutii ;t they bad procured other material, but 
based their name on Prout's descriptions. In the same year, Dr. Leidy 
proposed for it the generic name Titanotherium,§ without generic de
scription or diagnosis. In his work on The Ancient Fauna of Nebraska, fl 
Dr. Leidy gave a full specific description of the material which had 

·been obtained up to that time, and it is on this and the figures accom
panying that our knowledge of Titanotherium as a genus reposes. In 
the Journal of the Philadelphia Academy,~ 1869, Dr. Leidy bad de
scribed additional remains, chiefly cranial, some of which -belong to dif
ferent species, and perhaps some of it to those of the present allied 
genus. 

Doctor Leidy gives the dental formula of Titanotheri~trn, as I., 2; C., 
l; P.m., 4; M., 3, for the maxillary series, and adds:** "Fragments of 
lower jaws exhibit the same number of molar and canine teeth, and 
probably there existed also the same nuru ber of incisors. as in the 

· upper jaw." In the museum of the Academy of Natural Sciences, one 
of Dr. Prout's original specimens, as indicated by the label and the one 
first figured by Dr. Leidy, is preserved, but it furnishes no evidence as 
to the number of premolars. Associated with it in the collection is a 
mandibular symphysis, tt marked as being one -of Dr. Owen's original 
specimens. These two are peculiar in their iron-rust color, so different 
from that always characterizing the fossils of the White River epoch 

*Professor Gill has created a family, Chalicothe-rii,dw, for this genus. 
t II, 288, fig. 1, 1846; III, 248, figures, 1847. 
l Proceed. Acad. Nat. Sciences, 1850,66. 
§Proceed. Acad. Nat. Sciences, 1850, 122. 
II Smithsonian Contrib. to Knowledge, vol. VI. 
~Extinct Fauna Dakota and Nebraska, 1869, p. 206. 
*" Page 207. 
ttDescribed by Leidy in his Fauna Dakota and Nebraska, p. 214. 
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both in Dakota and Colorado, and it is a point worth investigating 
whether they were really derived from beds of that horizon. The su
perior size and the color and mineral character of these specimens 
refer them as probably parts of the same species at least. The ·sym
physis contains the alveoli for, apd basal portions of roots of, one pre:
molar, (with two roots,) one canine, and two incisors, on each side. The 
incisors were evidently well developed, and indicate in the clearest 
manner that Titanotherium and Symbo-rodon are distinct genera. With 
a considerable number of mandiples at my disposal, I have failed to find 
any trace of inferior incisors in the latter genus; and if they were pre
sent at any time, it must have been only during early youth, and a~ a 
part of the decid~ous dentition. · · 

Prof. 0. C. Mar!$h has recently* described, under the name of Bronto
therium, a species al1ied to Titanotherium p-routii, in which the mandibular 
dentition is stated to bel., 2; C., 1; P.m., 3; M., 3. If the mandibular frag
ment described by Professor Leidy.as presenting four premolars belongs 
truly to the T. proutii, then tbe .form described by Professor Marsh will 
occupy a position between -it and Symborodon. Finally, Dr. I1eidy de
scribed the horned snout of a species of this group under the name of 
JJfegacerops coloradeP.sis. t The specimen differs in various respects 
from any species observed by me in Northern Colorado. It was derived 
from a locality remote from that which contains the Symboroda, from 
a bed of coarse sandstone entir~ly different in mineral characters from 
the argillo-calcareous beds from which the fossils described in .this re
port were obtained. In the absence of knowledge as to the dental char
acters of this animal, and the consequent uncertainty as .to which of 
the three genera above named it belongs to, I leave it for the present. · 

Six well-defined species of the genus are known to the writer, which 
vary in dimensions from that of the Indian rhinoceros to nearly the 
size of the elephant. They may be readily recognized by the following 
characters; the most important of which is the basal cingulum of the 
premolars: 

A. Horn above the preorbital region: 
I. Premolars without inner basal cingulum: 

a. Nasal surface continuous with front : 
Horn-cores large, compressed; zygomata enormously ex

panded ; cranium depressed.-S. bucco. 
Horn-cores large; zygomata not expanded ; cranium rather 

elevated ; nasals very short.-S. alti-rostris. 
Horn-cores mere tubercles; nasals not shortened.-S. helo

ceras. 
II. Premolars unknown; nasal plane sloping downward from a . 

root~sbaped angle with the frontals: 
Horn-cores very elongate, subcylindric,eurved, partly com

posed of maxill~ry bones at base.-F. acer. 
III. Premolars wir,h a strong internal basal cingulum: 

Horn-cores short, very stout, and subtriangular in section; 
nasal bones more elongate.-S. trigonoceras. 

Horn-cores small, compressed, followed by a tuberosity 
on the frontal bone.-S. hypoceras. 

AA. Horn-cores above the orbit: 
Premolars with internal cingulum; horn-cores stout, com

pressed ; nasals longer.-S. ophryas. 

* Amer. Journ. Sci. Arts, 1873, p. 486. 
t Report ( 4to) on Geol. Survey Territories, p. 239, pl. I, figs. 2, 3, and II, fig. 2. 
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It is probable that both sexes of these species are horned. This is 
the case with all of the crania which I obtained in which the nasal region 
is not w'lnting, and doubtless many of these are females . . The only one 
whieh I obtained with reduced horns is one of the largest size, (8. helo· 
ceras,) and does not probably represent the only female of the collection. 

The general appearance of these species when living mu~t have com
bined features of the rhinoceros and elephant in almost equal propor
tions. The length of the femur indicates that the first joint of 
the leg was free from the abdominal integument, and that some of 
the species stood higher on the legs than the rhinoceros. There is 
indicat.ion of a trunk, probably a short one, since the neck is not 
so remarkabl.v shortened as to render this organ absolutely neces
sarv. The indications are: the massive borders of the nasal meatus 
.;ep-a rated laterally from the face by a -vertical, obtuse angle; the 
great stoutness and shortness of the free end of the nasals, which much 
resemble the same region in tht3 elephant; and the reduction of the pre
maxillary region and its teeth. It is altogether probable that it had no 
great length, resembling, perhaps, that of the tapir. These views are 
in accordance with those already expressed by Professor .:\farsh in his 
description of Brontothcritun ingens.* Professor Leidy had previously 
inferred a short proboscis for the jl1_egaceratops coloradoenesis. As com 
pared with the Eobasileidm of the Eocene, their appearance must have 
been less exceptional. The proboscidian foot, with short neck, reproduced 
the elephant; while the narrow head, with the posteriorly placed horns, 
and the very elongate muzzle, gave these a more suilline expression 
than the symborodons. The powerful horns, admirably situated for 
effective use, did not avail to se(mre their surviYal beyond the Miocene 
period more surely than did the laniary tusks of the Eobasileidm in 
conquering for them a place in the ages that succeeded the Eocene. As 
the most powerful of the Ungulata of the Miocene, they were the legiti 
mate successors of the Eobasileidm, of the Eocene, as these were of 
the great land-saurians of the Cretaceous. A few mastodons and 
elephants contested with them the supremacy of the .Miocenr, awl 
held it without rivals in the Pliocene; but why the less formidable 
rhinoceros should have continued with them, while the SyntboTodnns dis
appeared, is a problem whose solution cannot yet be conceived. 

The material on which the above determinations and deductions are 
based is abundant. The expedition obtained portions of fifty individuals, 
probably referable to this genus, and twenty-five complete or fragment
ary crania. Those certainly determined belong to the species in the 
following proportion: 8. bucco, 3 ; S. torvus, 2; 8. alti1·ostris, 2; 8. accr, 3; 
S. heloceras, 1; 8. trigonoceras, 6; 8. ophryas, 1. Crania of S. bucco and S. 
acer were obtained with mandibles assoeiated; the other species were 
not; nevertheless, it is probable that some of the various mandibles 
found separately pertain to the most abundant, 8. trigonoceras. 

SYMBORODON nucco, Cope, Synop. New Vert. Col., 1873, 10. 
The largest species of the genus approaching nearly the lhing rle

phant in size. Represented by an imperfect cranium; by a cranium 
almost perf,>ct, including, very probably, both mandibular rami, with 
entire dentition; a ·fragmentary skeleton, including parts of cranium, 
teeth, and vertebr:::e. The crania are very depressed in form, and exhibit 
a peculiarity in the horizontal expansion of the malar bones, and the 
still greater enlargement of the zygomatic processes of the squamosal. 

*Amer. Journ. Sci. Arts, 1874, p. • 
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These form two horizontal bony masses of remarkable size, with the e.x
terior border convex in both the Yertical and horizontal planes. The 
nasal . bones are flat and truncate .wedge-shaped. The horns are sit
uated above the face in front of the orbit, and are expanded in one 
plane, so as to be much flattened. Their length is moderate, and their 
liirection outward and forward. There are slight angulations of the 
frontal and zygomatic margins, which form slight contractions of the 
zygomatic orbital fossa, one behind the orbit, the other marking the an
terior four-tenths of the zygomatic fossa. The orbits are small and hor
izontally oval, and the temporal fossre contracted. The latter are 
greatly extended posteriorl;\7

, and are bounded by an ear-shaped prolon
g·ation of the exterior occipital angular ridge to beyond the line of the 
foramen magnum. The plane of the vertex and front is wide and unin
terrupted by tuberosities, but forms a gently concave continuum. The 
dentition is ~' f, !, J.. The anterior teeth are all small, the posterior large. 
'l'here is· no internal cingulum on the molars, ·which are smooth and wit.b. 
low internal cones. 

Measurements. 
M. 

Lengthofcranium, (33inches)............................................. 0.840 
Width of cmnium, (25 inches) ...... .. .... ...... ... ... ...... ....... ..... .. . .636 
Length of nasal bones to bases of horns .. : .... ~.... . . . . . . . . . . . . . . . . . . . . . . . . . .107 
Length of orbit ........................ ---···.............................. .115 
' Vidth of 11asals ......................... -... .... ...... ...... ...... .... ..... .152 
' :Vidth above orbits.......................................................... .25G 
' :Vidtb, least, bet,ween temporal fossoo...... ...... ...... ...... ...... .... .... . .170 
'Vjdth of mass of zygomatic squamosal..................................... .140 
\Vidth between temporal fossoo behind...................................... .3:H 

'l'hislarge quadruped was considerably larger than the S. acer, Cope; but 
the horns are shorter, and of an entirely different form. Its orbits are 
remarkably small, and during life the eyes were directed more or less 
obliquely upward. The broad, flat, wedge-shaped head is not unlike 
tl..utt of snapping-tortoise ( Ohelydra) in its physiognomy. 

I append here a description of the mandible, on which the species 
8yrnborodon tor'QU8 was established. I am not able at present to refer it 
to its proper cranium, but hope soon to have that opportunity . . It nearly 
resP-mbles that of Symborodon bucco. Dentition; I., (~) 0; U~, 1; P. m., 
3; M., 3; the canines slightly separated from each other, but not from 
the first . premolar; crowns of the premolars with L-shaped crescents, 
as in Rhinocerus; of the molars with completed crescents; the las~ molar 
with third posterior crescent; symphysis mandibuli co-ossified; crowns 
of canines not projecting, conic. Symphysis oblique; ramus rather 
shallow. Last molar with three columnar ribs on the outer side, four on · 
the ianer, produced by the continuance inward of the ridges from the 
anterior and posterior outer cusps. Enamel nearly smooth; a cingulum 
round inner basis of crown of canine. 

JJfeasurements. 
M. 

Length of mandibular ramus............................. .•• ••. . .. ... .. .... 0.520 
Length of symphysis...................................................... .144 
Length of series of molars .................................. ,. • .. .. . . • . .. . . . .320 
Length of series of true-molars............................................. .215 
Length of last molar .. _ . _ .......... _.. . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .088 
Length of penultimate molar.............................................. .072 

SYMBORODON AL'l'IROSTRIS, Cope, Synop. New Vert. Col., 1873, 12. 
A large species represented especiallyby a nearly perfect cranium, 
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and probably by several others, some of which are nearly perfect. The 
muzzle is shorter tllan in any other, and the orbit more anterior. The 
premaxillary and nasal bones are shortened; the lattet: broad, obtuse, 
and massive, and standing on a plane above that of the front. The ver
tex and fr(}nt do not form a continuous concavity, as in other species, 
but are divided equally by a tuberosity on each side; posterior to these 
the vertex is flat and · rather wide, while the front anterior to them is 
roof-shaped. The temporal fossrn do not project so far behind the occi
pital union as in some species, and the squamosal bone is not rernarka bly 
expanded laterally. There is a small postorbital angle. The fi'ont 
rises much to the basis of the horns. Each of these stands above the 
orbit and face at the base, and one-third of each over orbit; face aud 
nasal bones above tbe latter. They are straight, with approximated 
bases, and but moderately divergent. They are subcylindrical at base, 
and compressed inward and forward at the narrow apex. The maxillary 
rises on the base, forming a squamosal suture on the anterior and lat
eral aspect, opposite the nasal meatus, a,nd below the nasal bones. 

The first premolar and two incisors are very insignificant; tmnines with 
short, stout crown. The premolars have no inner cingulum, but two 
~mooth cones. The molars have only two inner cones, Y.Thich eon verge 
toward the .crescents. The latter do not give origin to any transverse 
crests. 

Measurements. 
M. 

Lengtb of cranium, (251- inches) .......••......••......••••... __ . __ • __ ... __ . O.o49 
Length of crowns of teeth from canine. ____ . __ ..................... ____ . _... .444 
Length of true molars.... . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .240 
Length of last molar ..........• ~.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .083 
"\Vidth of last n1olar.... ..•• ...... .... ...... . ..... .... .... ...•.. ...... ..... .OR4. 
Width of first premolar .......................... -~-- .... ·"····............ .035 
Length of first premolar .................................... . ........... __ . .086 
Leng ... hof orbit...................................................... . ..... .090 
Least width of parietal plane .................. ~... . . . .. . . .. . . .. . . . . . .. . . . . .235 
Length of nasals from horns ................................ ·--~~-.......... .045 
Width of nasals at horns .. .. .. .. .. . . . . . .. . . . . . . . . . .. ... . ... . ... . . . . . . . . ... .152 
Length of horn-core above orbit, (9 inches) . .. . . . . .. . .. . . . . . . . .. • .. . . .. . . . . . .229 
Length of horn-core above nasal bones ........ __ ....................... _... .140 

This is one of the most formidably-armed species, and must have pre
sented a most outre appearance in life, owing to the extreme shortness 
and elevation of the muzzle and anterior position of the orbit. Th~ 
general form of the cranium remind~ one of a pack-saddle without the 
bind cross-trees. · 

I owe the discovery of the be~utifnl cranium, which represents the 
species, to the acuteness of my assistant, 'Yilliam G. Shedd .. 

SYMBORODON HELOCERAS, Cope, Procee~. Amer. Assoc. Adv. Sci., 1873, 
109; Synop. New Vert. Ool., 1873, p.14. Megaceratops heloceras, Cope, 
Pal. Bull. No. 15, p. 4. 

Free portion of nasal bones as broad as long. Horn-cores mere tuber
osities, with one flat outer, aud one very convex, face presenting in tlle 
other direction:s; summit contracted, truncate, oval in outline. A dis.
ti.nct superciliary ridge. Tlie upper surface ct.• the cranium rather nar
row, gently concave longitudinally. Molar tt.eth with smooth eunmel; 
the crescents not displaying the T-shaped bra1ches seen in S. oph·ryas, 
Zygom~ deep, fl~t, nqt expa,nded. 
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Measurements. 
M. 

Length from posterior rim of temporal fossa to middle of osseous eyebrow .....• OA72 , 
Least width of pariet,al plane . . . . . . . . . . . . . • . . . . • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . .104 
Superciliary width . . . • • . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . • • • . . . . . . . . . . . . . . . . . . . .2(-)Q 
Eleva,tion of horn-cQre ..... _.. . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . • • . . . . . . . • . . .050 
Lengt.h of free nasal bones................ .... .•••. • .... ..•••.. ....•...... .... .010 
Width of free nasal bone~:~ at b:i8e.. .... ...••• ••.• ..•••• .•.••. ..•.•. ..••.. .•.. .010 

SYMBORODON .ACER, Cope, Proceed. Amer. Assoc. Adv. Sci., 1873, 
109; Synop. New Vert. Col., 13. Megac;eratops acer, Cope, Pal. 
Bul., 1873, No. 15, 4. 
Another huge mammal, second only to the preceding in size, but more 

formidably armed, was its contemporary. It is represented in my collec
tion chiefly by the entire upper portion of 3 cranium ; the greater part 
of a skeleton, with upper part of cranium and lower jaw with teeth; 
and by portions of sk(}leton, with horns, of a third. Top of head con
cave longitudinally, somewhat convex between the orbits, and flat, 
forming a narrow plane between .the temporal fossre; latter produced 
backward. Orbit not inclosed behind; an overhanging superciliary 
ridge. Nasals exceedingly short and massive, abruptly decnrved, each 
supporting a large acute horn-core, whieh is connected with its fellow 
by a ridge at thA base, and diverges widely from it, with an outward and 
forward curve to the acutely-compressed apex. Each horn-core com
posed externally of the ascending p'ortion of the maxillary bone as 
high as some distance above the base of the nasals. N a~::~als abruptly 
contracting to a stout subangular apex. Zygomatic arch deep. 

Mandibular ramus massive, and in every respect stouter than in S. 
bucco, and similarly without incisor-teeth. 

Measurements. 

No.1. 
M • . 

Length of cranium, (35 inches)' ............................................. ·• 0.895 
Length from posterior rim of temporal fossa to middle of superciliary ridge.... . .345 
Width of front between eyebrows . . . . .. . . • . .. .. . . . . . . . . . . . . . . . . . . . • .. . . . . . . . .210 
Length of born-core on inner side, (10 inches)................................. .254 

No.2 
Length of first and second molars.... . . . • . ... • • . • .. .. . • • • . . . . . . . . . . • • • • . . . . . . .135 
\Vidt.h of second inferior molar ........••. , .......•....................•.. ~.. .040 
Depth of ramus at second inferior molar...... . . • . • . . . . . . . . • • . . . • • • • .. . . . . . . . . .123 

This was a truly formidable beMt, exhibiting a position of the horns 
strang-ely the reverse of that seeu during the present period. Its size 
exceeded that of the Indian rhinoceros. 

SYMBORODON TRIGONOCERA.S, Cope, Synop. New Vert. Col., 1873, 13 . 
. Brontotheri·um trigonoceras, Jiarsh, A mer. Nat., 187 4, p. . . 
A species similar in size to the last, but present,ing peculiarities not 

shared by any other species ol the genus. The first of these is the strong 
basal cingulum on the inner side of the premolars; which is continued in 
a less prominent form between the bases of the cones of the molars. The 
bases of the cones of the r:temolars are strongly plicate. The horns rise 
from a basis which is anta:·ior to the orbit, and are short and Yery stout. 
The;r are triquetrous, With the faces interior, posterior, and latero
anterior, and are directe.l outward and upward. Their extremities are 
coars~'ly rugose and su\)jriangular, sending an apex toward the middle 
line, and decurved con,.ex outwardly. The vertex and tl·ont are a con-
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tinuous gentle concave plane, which is narrowed behind and widened in 
front to support the bases of the horns. A postorbital process. Orbit 
well developed, not remarkably anterior ; nasals elongate, transYersely 
plane, decurved, slightly emarginate at end. Premaxillary prominent, 
with distinct ~pine, and extending as far as the line of the end of the 
nasals. Squamosals not expanded. First premolar small; canine 

· narrow. 
Measurements. 

M. 
Tot::~llength of cranium, (27 inches)...... . . . • . . . • • ••• . •• . ••• • . • . . . . • •• . • . ••• 0.686 
Total width, including zygomas............................................. .433 
Width between temporal fossre at inion...... . . . . .. .. . . . . . . . . . . . . . . .. . . . . . . . . .102 
Width in front-----·........................................................ .247 
Width of orbit ....................•....••••••... ---- ................. -----· .102 
Length of horn above orbit ...• •... ...••. ...••• .... .... . ...... .... .... ....•. .122 
Length of horn above nasals...... . • . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . .045 

The horns of this species, though stout, are less formidable as weap-
ons than those of some of the others. . · 

At one locality teeth and a few other fragments of a very large indi
vidual were discovered, and a few feet distant a series of cervical and 
dorsal vertebrre of 2.ppropriate size. A little further o:fl', in an ·opposite 
direction, a portion of the skeleton of a S. bucco was found, with the 
characteristically expanded zygomatic masses. It is not unlikely, bow
ever, that the vertebrre really belong to the S. trigonoceras. They indi
cate an animal of huge proportions, and present a marked feature in the 
enormous length of the neural spines of the dorsals. These are com- . 
pressed at the end and enlarged at the summit, indicating that the ani
mal supported a hump, somewhat as in the bison. 

Measurements. 
M. 

Length of crown of fourth upper premolar.......................... . . . . . . . . .. 0.050 
Width of crown of fourth upper premolar.................................... .065 
Length of cervical vertebrre, (to base of ball) . .. . .. .. . . . • .. . . .• . . . . . . .. . . .. .. .060 
Depth of articular face behind .................... _ ............ _.... .. . . . . . . .114 
Width of articular face behind.............................................. .110 
Diameter of cervical canal ......•................................... : . ·....•. .0.24 
Diameter of vertebral canal. ... ~............................................ .065 
Length of centrum of dorsal to ball .............. _-_.......................... · .065 
Depth of articular face behind...... .. .. .. . . .. . . . . • .. . . . . .. .. . . . . . . . . . . . . . . . . .108 
Width of articular face behind.............................................. .111 
Depth of base of diapophysis...... .. .. .. . . . . .. . . . . . .. .. . .. . . .. .. .. .. .. .. . . .. .070 

A peculiarity of the dorsal vertebrre consists in the presence of two 
tuberosities at the base of the articular convexity, resembling the artie- . 
ular facets for chevron-bones, but at the opposite end of the centrum. 

Beside the above, six_ more or less complete crania were found, and 
two others without horns and otherwise mutilated, so as to render it 
uncertain whether they do not belong to the S. ophryas. These exhibit 
some range in size; one of them presents the following-

Measurements. 
:M. 

Tota.llength of skull, (30 inches)............................................ 0.762 
Lengt.h to orbit............................................................ .172 
Length to posterior base of horn ........................ ~---~-.............. .280 
'Vidth at zygomas, (17 inches) .......... ,.................................... .432 
Height of horn above orbit................................................. .127 
Length of free part of nasal bones .. :.................................... .. .. .127 
Width of base of nasal bones.................................................. .133 
'Vidth of horn on a otero-exterior face ....................... - .............. - .120 
Width between temporal fossre posteriorly ......... ~.. .. .. . . .. . . . . . .. .. .. . .. . .260 
Width between apices of horns, ( 17 inches).. .. . .. • . • .. .. .. . . .. .. . . .. . .. . . .. • .4;)2 
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Professor :Marsh described* a species· allied to or identical with this 
one, under the name of Brontotheriunt ingens~ It was based on a cranium 
which· has so great a resem bla.nce to those of S. trigorwcera.s. that l have 
regarded it as pertaining to it,t and written Professor Marsh's name as, 
a synonym, as it was published several mo11ths later than mine. Subse
quently,t Professor Marsh pointed out a number o.f characters which be·. 
finds in my description as justifying him in retaining the species. as dis,.. 
tinct. He states that it is " neal·ly or quite twice a& large in bulk. The 
horn-c()res also are very differently placed; the nasals are more elon
gated, and not emargin-ate at their· extremities; the premaxillaries ar~ 
not prominent. The squamosals are greatly expanded, and there is no
postorbital process." . Commencing at the la_~t Qf th_e&e definitions, I 
would remark that (1) the postorbital process.is a rudiment in one ofthe 
crania, and is entirely waating in a larger oae·; (2:) the squamosal proc•. 
esses of the zygomata are not more expanded than might be looked for in 
the adult male of S. trigonocera.s, and would not be regarded as remark
able in this respect b.v one who has seen the larger expansions ef the s~ 
bucc.o; (3) there is no difference-in thepremaxiUaries, wJiich aremore.prom
inent than such species as S. attiTostr·is; ( 4) u The nasals are more elon
gate and not emarginate at their extremiti(;'S ~" Professor Marsh's figure 
represents the nasals quite elongate as compared with other !:ipecies, 
and exactly as in some of my specimens; the emargination is slight and 
is not always present in S. tTigonoce,ra.s; (5) there, is no difference in 
the form anu po&ition of the horn-cores; (6) the ~uperior size: I have. 
no crunia so large as that described by Professor Marsh, which he states 
to be om .915 long and om .558 wide through the zygomas, w-ith horn-cores 
20 inches apart at the a.pices. My largest measures om .762, om .432, and 17' 
inches, respectively. The specimen from which vertebrm and a premolar 
tooth were described above approaches nearer in dimensions; thus, the 
fourth premolar measures-

B. trigonoceras. S. in.qens. 

~i~11\rrc~~~:~.-:: :::::::::::::::: ::::::·:::: ::::::::::: :::0

::::::: 

0:ggg 0:~·~~ 
While still under t;he impression t,hat the species are th.e same, I defe~

final conclusion until all of my material is iu suitable condit.ion for stu"Qy-

SYMBORODON OPlU~YAs, Cope; Mioba.sileus ophryas, C:ope, Pal. Bull.,, 
,No. 15, 3; Proc., Amer . .Assoc. Adv. Sci., 1873, 108. 
Established on a cranium with nearly complete dentition, but without 

mandibular ramus. Head elongate, concave in profile from the interor
bital region to the supraoccipital crest. This is transverse and con eave, 
the posterior borders of the temporal fossm extending behind it. These 
fossm leave a narrow, flat vertex between them. Zygomatic arch stout 
and rather deep; a strong postglenoid process. Nasal bones very mas
sh;e; their free portion elongate, hornless. A massive horn-core rising 
from above each orbit; no superciliary angle or ridge. Orbit not in
closed behind. Of molar teeth only P. m. 3-4, M.l-2-3, preserved; the 
M. with two, the P. m. with one inner cone-and two outer continuous cres
cents. The latter send inwards to one side of the cones a trans.verse 
ridge. Incisors and canines unknown. The malar b-one is flat and pro~ 
portionally deep below the orbit. Front concave transve:r;sely just be~ 
hind between tlie bQrns. Latter mas~ive and a little compressed. Nasal 
bones convex longitudinally and transversely,_ slightly rugose. Trans-

·- -

* Amer. Jo.urn. Sci. Arts, 1874, Jan., p. 85. 
t Bulletin of U. S. Geological Survey of Terrs., No.2, p. 28. 
; American Naturalist, Feb., 1874, 1)· 84. 
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verse ridges of teeth with transverse ~xpansions at their inner ex
tremity, being thus T-shaped. 

JJ:l easurernen ts. 
M. 

Length from ape:c ?f nasals to occipital condyles, (axial, 2?.5 inches) ....•.••.•. 0.664 
Length from ocCipital condyle to fundus of palate............................ .376 
Length from occipital cond-yles to end ofpalatine lamina pterygoidea .......... · .270 
Lflngth of four last molars ................•........•.... [ .................... ---- .242 
Length of three last molars .... -. .... . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .195 
Length of last molar.......................................................... .068 
Width of palate at narial notch.............................................. .116 

The dental characters of this species aHy it t0 the S. tri_qonoceras, but 
the form as well as the position of the horns is quite different. Instead 
of being triangular, a section of the base of these is elliptic. Extremity 
conical. 

SYMBORODON HYPOCERAS, Cope ; Miobasileus hypoceras, Cope, 1\fS. 

This species reposes on a fragmentary cranium only, which embraces 
nasal, maxillary, frontal, malar bones, &c., both zygomata, premol'ar 
and parts of molar teeth, &c. These fragments were taken out of the 
matrix by the writer, and were found injuxtapo~ition. They represent 
parts of the same skull, and, as no other was fornd in the same bank, 
are probably without admixture. . 

The first characteristic of this species is the elongate form of the face 
anterior to the orbit as compared with other species. The column which 
separates the orbit from the infraorbital foramen is flat and has a wide. 
external face, instead of being· a cylindric column as in S. acer, altiros
tris, bucco, and ophryas. In S. trigonoceras it is wider, but, instead of 
being flat, presents a strong vertical ridge of the lachrymal bone. The 
infraorbital canal is hence longer than in those species, the more as it 
does not communicate with the orbit at as anterior a position. Between . 
this point and t,he preorbital border, the orbit is strongly concave. From 
t~e infraorbital canal to the narial orifice, the face is flat, and the border 
of the meatus is thin, somewhat as in Rhinocerus. but includes a narrow 
prolongation of the large sinus common to this genus. The premaxil
lary bone does not appear to enter into it. It is evident from the weak
ness of this support that there could have been no horn of great size 
or strength above it, and the character of the horn-core preserved is 
consistent with this view. This consists of the extremital part, thus 
not exhibiting the basal sinuses. Its section is a compressed oval, nar
rowed in front; its profile with parallel outlines and a little recurved and 
not very rugose. lts size as compared with the rest of the skull is the 
smallest :in the genus, and not more than half the proportions of the S. 
aliirostris. 

A bone of the upper cranial walls was found in place above the second 
and third premolars, but presents some puzzling peculiarities of form. 
It is either the posterior part of the nasals or anterior portion of 
the frontals, and a short decurved border is eHher that of the nasal 
meatus or of the orbit. The left maxillary and lachrymal bones are the 
ones preserved, and the present bone probably belongs to the same side, 
which agrees with a mark I placed upon it when I exposed it, indicat
ing the anterior and posterior extremities. There ean therefore be little 
doubt that the element is the frontal. The reason for this investigation 
is the fact that it supports on its anterior extremity a large os
seous tuberosity, which consists of a mass of bone co-ossified .with the 
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upper surface, as in the born of the giraffe. It is ,broken off at the ari
tero-external sutural line of the bone, so that it probably extended over 
the adjacent margin of the maxillary. It resembles in form the short
horn cores of Symborodon heloceras, but is not as in that species an au
togenous part of the bone, and its base is ther~fore not excavated by 
the anterior part of the frontal sinuses. Thus it is probable that this 
species possessed two pairs of osseous processes or cores on each side, 
the one on the nasal, the other on the frontal bone. The absence of in
terior sinus shows that the latter is not homologous with the horn-core 
of the typical species of Symborodon, while the structure of the post
narial walls (composed of both nasal and maxillary) is clear as to the 
presence of those sinuses. The horn-core first described is probably 
from the left side as indicated by its shape. Their existence is also to 
be inferred from a fragment which resembles the base ·of the usual 
born-core of the others pecies, especially S. trigonoceras. From the pre
ceding it may be derived that this species possesses either two pairs of 
born-cores, of which the posterior are on the frontal bone, or that it 
possesses a single pair on the frontal bone only. As the former is much 
the most probable supposition, I hesitate to separate this species as a 
genus distinct from the MiobasUeus ophr1.Jas, which it resembles in many 
respects. · 

A portion of the margin of the frontal bone supports an angular pro
jection, doubtless postorbital. The malar bone has an extensive surface 
of attachment with the maxillary. Its anterior portion bounding the 
orbit below is a narrow prominent rib, as in S. trigonoceras, and dif.l:erent 
from that of S. ophryas. The zygomata are strong, but not expanded; 
they resemble those of S. trigonoceras; but, while shorter than iu a 
specimen of the latter, the squamosal process is deeper. A portion of 
the nasal bone shows that they were short and light. 

There are teeth or alveoli representing four premolars and three true 
molars as well as a canine. In a right premolar, No.2, there is a strong 
basal cingulum, from which coarse plicre extend inward. The inner 
cones are confluent into a curved ridge, which is eonn.ected by a lower 
ridge with the outer crescents. The latter are entirely continent. The 
canine bas a short recurved obtusely conic crown, with a strong cingu
lum round its posterior base, as in other species of the genus. 

Measurements. 

Length from front of orbit to glenoid fossa, (axial) ..••••...••..••••...••.• ----
Depth of malar below orbit ...••.. _____ .. _ ••.. _ •.•.. __ . _ ...••.....•... __ . _.-. 
Depth of squamosal process._ . . ........ -.- ... _ ..•..•......••.......•....•.....• 
Length of molars and last three premolars . __ ............................. _ .• 
Length of last three premolars ....•.. __ ••.•..... _ •••.. _ ....•.••........... _ ..• 
Length from nasal meatus to orbit ...... _ ........... _. _ ................ : . .•.. 
L ength of crown of second premolar .. _._ •..••.... _ •.....••..... _ ........... . 
Width of crown of secoud premolar ........................................ .. 

· Height of crown of canine ................................................... . 
Diameter of crown at base ................................................. .. . 
Depth of frontal tuberosity ...................................... --·" ....... . 
Diameter of frontal tuberosity .............................................. . 
Diameter of born-core, transverse ........................................... . 
Diameter of horn-core, longitudiual. ........................................ . 

M. 
0.365 

.020 

.082 

.293 

.110 
' .10:3 

.029 

.03B 

.038 

.075 

.038 

.049 

Although the specimen from which this species is described is as large 
as the smaller of the S. trigonoceras, it does not belong to an old animal, 
as the cranial sutures are distinct. It makes one more addition to our 
knowledge of these curious forms, ,wbose abundance during the .l'tliocene 

.. 
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. period reminds one of the antelopes of the present period in Africa. It 
is so distinct from the typical species of Symborodon as to render it not 
unlikely that it will be proper to call it JJ1iobasUeus hypocera's . 

. HYRACODON, Leidy. 

HYRACODON NEBRASCENSIS, Leidy, Ext. Fauna Dak. and Neb., p. 232. 
Abundant in Colorado as in Dakota. During maturity, the first infe

rior premolar is shed, while that of the upper jaw is retained, leaving 
the formula i, t· 
HYRACODON ARCIDENS, Cope, Paleont. Bull., No. 15, 2. 

Established primarily on a specimen which includes the left maxillary 
and premaxillary bones with the teeth as far posteriorly as the fifth 
molar. Some of these were not fully ·protruded, and the third 'premo1ar 
of the deciduous dentition was attached; the removal of which displayed 
the crown .of the permanent tooth. The species is about the size of the 
H. nebrascensis, and differs in the form of the inner lobes of the molars 
and of the first premolar. All the molars have the outer longitudinal 
and inner transverse crests, the posterior short, the anterior much 
curved backward round it, and thus forming the inner boundary of the 
tooth-wall. The first premolar is shorter than the others, and has a 
short anterior lobe. Th,e milk-molars show more nearly transverse crests 
as in Rhinocerus, but the first premolar had the anterior lobe. Canine 
and first, incisor short, conic ; ·second incisor with an outer lobe ; median 
incisor transYerse '; enamel smooth. 

Measurements. 
M. 

Length of four sn peri or molars .••••. ·...... • . • . . . . . . . . • . • • . . . . . • . . . . . . . . . . . . . 0.072 
Length of diastema...... . ............................... . .................. .006 
Length of canine and incisors............................................... .020 
Length of first premolar.... . . . . • . . . .. .. . . . . .. . . . . .. . . . . . • .. . .. . . . . . .. . . .. . . . .014 
Width of first premolar . ............................... -............... ~.. .. . . .012 
Length of third premolar.... . . . . . . .. . . . . . . . . .. .. . . . .. • .. . . . . . . • • • . . . . . . . .. . . .021 
Width of third premolar.................. . .......... . ....................... .022 
Height of third premol.ar...... .... ... . .... . .. . ... ... .. .... ••.• •.. . ... . . ... .. .025 

ACERATHERIUM, Kaup. 

At least three species of this genus have left remains in the White 
River beds of Colorado, for the third, which I formerly referred to the 
preceding genus, may find a more appropriate plac

1
e here. They are 

distinguished as follows : 
I. Crowns of premolars 2-3-4 broader than long: I 

Smaller: symphysis mandibuli much shortened and contracted.
A. mite. 

Larger: symphysis elongate, with large incisors.-A. occidentale. 
II. Crowns of premolars 2-3 as long as or longer than wide : 

Size of A. occidentale; P.m., 2, subcuneiform.-A. quadriplicatum. 

ACERATHERIUM MITE, Cope. 
This species is intermediate between the A. occidentale and Hyracodon 

'ltebrascensis, not only in size, but in its short concave diastema, and 
short, contracted symphyseal region. There are two large external 
incisors, which are not only absolutely . but relatively much smaller 
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tpan in the A. occidentale. If any median incisors ·exist, they must he 
sma.ll, as the narrow fracture-surface below the original alveolar border 
exhibits no trace of alveoli. The mandibular teeth are rather elongate, 
the first having two roots. The ramus has not the incurvature to the 
diastema seen in H. nebrascensis, and is· relatively not so deep, and mor:e 
robust below the last molar than in that species. 

Associated with this mandibular ramus, I found the large part of the 
skeleton of the same animal and the superior molar dentition of two 
individuals of the same size. T.be teeth resemble those of the A. occi
dentale, but, besides the sma,ller size, exhibit differences in the structure 
of the premolars. The first is about as broad as long ; bas a strong 
anterior basal cingulum, and both of the trausv:erse crests strongly 
curved backward at their inner extremities. The s~cond is transverse, 
and the transv-erse crests are simple and distinct distally. The third 
premolar has its inner anterior angle produced at the base of the crown. 
The transverse crests form a continuous circuit inwardly, and it is the 
posterior which curves forward and joins the anterior a short distance 
external to the inner termination of the latter. In the fourth premolar, 
the transverse crests are entirely distinct, and the anterior is the 'longer, 
causing, as in the third, the protuberance of the inner anterior angle of 
the shoulder of the crown. Both are bounded at the base by a cingu
lum, which extends round the posterior .base to the outer crest. 'The 
posterior transverse crest sends forward a _process toward (in one speci
men joining) the anterior at one-third the length from its end. The 
transverse crests of the true molars are simple, and the anterior cross
crest the thickest ; no cingula on th~ inner bases. 

Measurements • . 

Length of inferior molar series ..•.•...•••••••••.•.•.••.•••..•....•••..••••••. 
Length of pretnolars only ...•....•••....•...•.•••........•....••..... ~-- ...... . 
Length of first _premolar ................•........•.........••••..•...•......... 
Length from first premolar to end of symphysis ................................ . 
Length of symphysis ...................................... ............... ...... . 
Width of symphysis at diastema ............ · ............................... .. 

.DI:)pth of ramus at last molar ............................................... . 
Thickness of ramus at last molar .................................. ............ . 
Diameter of inferior incisor ................................................... . 
Length of series of superior molars ......................... ~ ............... . 
Length of series of superiorpremolars ............................... ----~- .. 
Length of first premolar ..••..•••......••••.....•••••..••.•••••.........•..... 
Length of fourth premolar ..... ·--- ...... ---- .......... ---· .............. -- .• 
Width of fourtb premolar ............ ·····'· .................... ····- -~··· ..•••... 
Length of penultimate molar ............. ··-········· ···~--· .................. .. 
Width of penultimate molar ......................... --- .................... . 

M. 
0.172 

.080 

.015 

.040 

.048 

.040 

.050 

.030 

.010 

.153 

.073 

.013 

.022 
.032 
.037 
.038 

The other series of molars presents similar dimensions, and a few 
slight variations in structure. 

The remainder of the skeleton pertains to one or the other of these 
individuals. The axis strongly keeled below; the anterior articular 
surfaces are widely expanded, and the posterior is concave and oblique. 
Its neural carina is elongate and elevated behind. The dorsal and 
lumbar vertebrrn are slightly opistbocrelia.n. Th~ glenoid cavity of the 
scapula is a broad oval, and the coracoid is quite prominent, but obtuse. 
The internal condylar tuberosity is strong, the external almost wantirtg; 
the internal distal crest is very strong. The supracondylar fossrn are 
very deep. The radius is a stout bone, and attached to ·the slender 
ulna by coarse sutural surface, which is very narrow ,along the middle 
of the shaft. The femur is stout, and its large trochanter is recurved 
anteriorly as well as posteriorly so that both faces are concave. There 
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is ail elongate crest in place of the little trochante-r. The trochl£>ar 
groove is angular, and bounds a pit just .above its proximal end; the 
condyles are subequal. 

The crest of the tibia is d-eeply grooved, and the spine divided by a 
wide .gutter. The external face is concave proximally, and turns to the 
front distally. T·he .inner proximal face unites on the 'last third of the 
length, to become the internal face. The distal posterior face narrows 
upward, and runs out below the inner facet of the head. The astrag
a1us has the hour-glass face quite open. The inner tuberosity of the 
bead ·extends within the line of the trochlea a balf-inc'h. The cuboid 
facet is oblique and ·para:Tle1 to the outer margin of the head, and con
·stitutes one-fourth the width of the latter. 

Measurements. 
M. 

Length of radius ..••••. • .•...••••.• _ .... _... . . • . . . • • • • • • . • • • • • . • • • • . . • • • • . . . 0.198 
Diameter of its carpal face ..... ........ ... _ ..... _ ......•. · .....•... -. . .. • . . . . . . . . . .. .•. .041 
_Width of humerus, distally_ ............. _ ......................... -......... .058 
Depth of outer condyle of humerus, distally................................. .048 
·Long diameter of glenoid face of scapula _. ___ .. ____ ...... . ......•.• -... ----- .042 
Short diameter of glenoid face of scapula _. _ .................... -.-- .• -.. - .. · '· .038 
Length of femur: (over all)._ .. _. ____ .................. ----....................... .295 
Proximal width of femur, (over all) ............ --·---·---··----.............. .100 
Diameter of head, (antero-posterior) ................. -------'--- .......... ---- .042 
.Least transverse diameter of shaft __ " ___ .....••.......••••.. -·-- .. --- ... - .... - .035 
Transverse diameter of condyles.------ .•.••. ----............................ .060 
Antero-posterior diameter -at condyles .. __ .. __ ........................... - .. -. .084 
Length of tibia. __ •......•••..• _ . _ .... _ ..• __ . _ .....•..••••........... - - - - . . . . .230 
Diameter of head, antero-posterior_ ... _. ____ . __ ... __ ................. --- .. -.. .580 
Diameter of head distally, antero-posterior . _ ............ _.. . . . . . . . . .. . . .. . . . . .036 
Diameter of head distally, transverse ............................ - ..... ----. -- OGO 
Diame~er of head of astragalus, transverse •.••.••• _. __ •. . . . .. ... . . ... . •. ..• . . 04tl 

This rhinoceros was about the size of a mule . 

.AOERATHERIUM OCCIDENTALE, Leidy, Ext. FaunaDak. and Neb.,p. 228, 
Plate xxii. 
Several specimens from different localities . 

.ACERATHERIUM QUADRIPLICATUM, Cope, 1Iyracodorn quadriplicatus. 
Cope, Pal. Bull., No. 15, p. 1. 
This species is similar to the -last in bulk, with greater proportional 

elongation of the teeth of the premolar series, at least. It is :repre
sented by two individuals, one possessing the permanent, the other the 
temporary dentition, at least in part. 

The former presents only the second · and third premolar teeth with 
an alveolus of the first. The third premolar has four roots and stroqg 
basal· cingula fore and aft only. The transverse .crests are simple and 
separate. .A strong but short crest originates fi:·om the outer marginal 
crest between them, and being in near proximity to the anterior and trans
verse, it nearly isolates a triangular valley with it. There is a low 
tubercle between the bases of the inner extremities of the transverse 
crests. The second .premolar is three-rooted only, and is narrowed ante
riorly. Its two inner cross-crests are widely separated, and the inter
vening branch is rudimental. The anterior prolongation of the external. 
crest is long~r than the posterior. 

The second specimen consists of mol~rs in both maxillary bones, viz : 
the four premolars, probably deciduous. They differ in appearance from 
those above described, but not in essential details. . 

The transverse crests are little curved, and the or~ter elevated crest 
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' uninterrupted. A short elevated fold proceeds from the latter, dividing 
the head of the tran.sYerse yalley. A compressed conic tubercle stands 
between the inner extremities of the crests. The first premolar hag two 
transverse crests and an anterior tubercle. Tile posterior crest is 
strongly curved backward at its inner end. A strong cingulum sur
rounds the ba8e of the crown except on the outer side . .. 

Measurements. 
M. 

Length of three anterior molars ....••••••••••••••••••••••••••••••...•••••••• 0.090 
Length of third molar ......•••••••••••.•.••....•.••••••..••••• . -·-· ~ -----.... .030 
Width of third molar .•••••.•........•.•..••••...••••.••..• ·••.•...•.......••. .033 
Length of first molar...... . . . • . . . . . • . . • . . • • • . . • • • • . • . • • . • • • • • • . • • • • • . . • . • • . • .026 
Width of first molar ..••••..•••••.•• : • .••••.•..••..••••••••••..••••.•••..••• ~ .019 

ANCHITHERIUM, Kaup. 

Three species of this· genus left their remains in considerable abun~ 
dance in the Miocene of Colorado. One of these is the .A. bairdii, Leidy; 
a second is similar to, and a third smaller than, that well-known animal. . 
They are chiefly known from molar teeth, but greater or less portions of 

1 

the entire skeleton are frequently found. The following are some of the 
characters by which the teeth maybe recognized: 
I. Anterior median tubercle not separated from inner, obsolete on tile 

second premolar: 
A median ridge on each outer lobe, and basal tubercle between the 

inner.-A. bairdii. 
II. Anterior median tubercle well separated from inner: 

Second premolar with anterior median tubercle distinct at both 
ends; no inner basal lobe.-A. cwneatum. -

No inner basal lobes; crescents with concave outer faces.-A. ex-
oletum. · 

These are the only species of horses known to occur in the Colorado 
Miocene. 

ANCHITHERIUM BAIRD II, Leidy, Ext. Fauna Dak. and Neb., p. 303, 
Pl. XX. 
Not uncommon. 

ANCHITHERIUM EXOLETUM, Cope, spec. nov . 
. Established on a portion of the right maxillary bone, which contains 

the last premolar and first premolar in perfect prese.rvation and part of 
the.third premolar. These teeth differfrom the corresponding teeth in 
A. bairdii in many respects, resembling in the constitution of their outer 
lobes some of the symborodonts. The outer faces of these are uni
formly concave to 'near the shoulder, leaving a very narrow basal ridge 
and no longitudinal n:iedian ridges. The intercrescentic ridge is in
curved and not straight. The anterior middle tubercle is separated 
from the inner by a deep fissure and grooves to the base; the median is, 
on the other band, continuous with the posterior inner. The posterior · 
median is very small. The anterior and posterior basal ridg~s are 
small, and there is no tra.ce of basal tubercle between the two medians. 
Enamel smooth. 

The size of this animal was probably that of the .A. bairdii, but the 
molar teeth have the antero-posterior diameter greater in proportion to 
the transverse than in that species. The foramen infraorbitale wteriu8 
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is over the front of the fourth premolar; it is above the front of the 
third in .A.. bairdii. 

Jvfeasurements. 
• t M. 

Length of fourth and :fifth molars........... . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . 0.0275 
Length of fourth molar. . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . • • . . . . • . . . . . . . . . • . • . .0140 
Width of fourth molar.. . . . . . . . . . • . . • . . . . . . . . . . . • . . . . . . . . . . . . . • • • . . . • • • . . . . . .0125 
Elevation of fourth molar . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . • . • . . . . . • . • • . . . . . .. .0080 
Length from front of malar to foramen infraorbitale anterius.. . • . • . . • . . . . . • • • • . .0140 

This species differs from the A. agreste, Leidy, in size about as the A. 
bairclii. The former is only known from mandibular teeth . 

.A.NCHITHERIUM. CUNEATUM~ Cope, Paleont. Bull., No. lG, p. 7, (..t\.ugust 
~ 20, 1873,) spemmen No. 1. 

The smallest species of the genus represented by both maxillary 
bones of one individual ; several loose molars and a maxillary bone 
with teeth of others. In the first-named specimen, the second premolar 
has the elongate form of the corresponding deciduous molar of A. 
bairdii, but I am not sure whether it is the deciduous or permanent one 
in the present case, as the series only includes the fifth molar. The 
middle anterior tubercle is directed forward, inclosing an angular fossa 
with the inner. The latter is separated from the posterior by a basal 
tubercle, but there is none on the third premolar. The posterior median 
tubercle is well developed. The outer faces of the outer lobes are con
cave; sometimes with a faint median ridge. 

The fore and aft cingula are well developed, and the basal parts of 
the posterior transverse ridges are connected with the posterior ·median 
tubercles. 

JJieas~trements. 
M. 

Lengthof M. 2 and 3 of No. 1 . . . • . . . • . •• . . . • . . . . . . . . . • . • . • • . • . . • . . . . •• . . . . .. 0.0260 
I-'ength of M. 1 of No.1..................................................... .0130 
Width of M. 1 of No.1..................................................... .0110 

The specimen measured as No. 2 in the original description does not 
belong to the species . 

.Another specimen contains what are without doubt the permanent 
third, fourth, and fifth molars. These resemble the corresponding 
ones of the specimen just described, differing only in being a little 
smaller. Besides the small size, they differ from those of ·.A.. bairdii in 
the entire absence of the inner basal tubercles, and in the rapid reduc
tion in size of the molars from the fifth forwards. The anterior median 
lobe is very distinct, and the posterior median small. 

Measurements. 
:M. 

Length of third, fourth, and :fifth molars...... . . . • . . . . . . . .. . . . . . . . . . . • . . . . . . . . 0.0350 
Length of .third molar~.. • • • • • . . . • . . . . . . . . • . . . . . . . . • . . . . . • • . . • • • • • . . . . . . • • . • .011 
Width of third molar...... . • • • • • . . . . • . . . . . . . . . • • . . . . • . • . . . .. . • • • • . . • . • . . . .. .011 
Width of :fifth molar .•..•..•.........•.•.••....•...••.•.•. ~. . . • • . . • • • • . . . . . . .014 
Length of fifth molar ....•••..•••••. ·...••. • . . • . . . • . . • . . • • • • • . • • • . . • • • • • • • . • • . .1)13 

Since the description of this species was published, Professor Marsh 
has described an .A.nchitherium of about the same size, from the Miocene 
of Neb_raska, under the name of A. celer.* It will be desirable to 
institute comparisons between these to settle the question of their dis
tinctness or identity. · 

32 G S 
* Amer. Journ. Sci. Arts, 1874, p. 251. 
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ANCHITHERIUM AGRESTE, Leidy, Report U.S. Geol. Surv. Terrs:, (4.to,) 
I, p. 251, Pl. vii. 
A portion of the left mandibular ramus, with the last two true molars 

remaining, ·indicates a larger species than any of the preceding, and not 
materially different from that described by Leidy as above. 

ARTIODACTYLA. 

OREODON, Leidy. 

Remains of species of this genus are exceedingly abundant in the 
Miocene of Colorado, but represent but two species, which are identical 
with those already known from Dakota and Nebraska. 

0REODON OULBERTSONII, Leidy, Ext. Fauna Dak., &c., p. 86. 

0REODON GRACILIS, Leidy, Ext. FaunaDak., &c., p. 94. 
About one specimen in ten of the genus belongs to this specieS: 

POEBROTBERIUM, Leidy. 

Extinct Fauna Dakota, &c., p.141. 

This genus difl'ers from Amphitragulus, Porn., in the association of the 
first inferior premolar with the ·canine and incisors rather than with the 
remaining premolars. Dental formula I., ~; C., t; P. m., t; M., ~; the 
diastema between the first and second premolars only; canine more or 
less approximated to the first incisor. The arrangement in the anterior 
part of the upper jaw has not yet been described. There is a diastema 
behind the first premolar, and one in front of it. The canine is a weak, 
simple-crowned tooth, and is immediately preceded by a large, canine
like, exterior incisor. The existence of other superior incisors cannot 
be demonstrated in my specimens. . 

As already known from the descriptions of Leidy, the otic bullro are 
enormously expanded. Their walls are either occupied with an extensive 
diploe, or lined witl;t a cancellous layer, which gives a reticulate net
work or section. The osteology of this genus presents a number of 
interesting features. The cranium only has been described by Professor 
Leidy. The following obset·vations are based on portions of several 
skeletons, which include the maxillary, mandibular, and other cranial 
bones, which I ~xtricated from the matrix myself. The dentition agrees 
with that figured and described by Leidy. 

The atlas is rather broader than long, with thin diaparapopbyses, 
pierced by the usual foramen at the middle of the base, and .pPOduced 
well backward at the outer margin. The articular facets of the axis are 
continuous below the foramen dentale. The neural arch is regularly 
convex and without keel on its posterior .4; but the anterior .6 consists 
of a :flat facet descending obliquely to the neural canal, with a median 
keel and prominent lateral angle descending to the base of the diapo
physis in front. The third and fourth cervical vertebrre are enlarged 
and quite elongate, and present the usual peculiarity of the Oamelidre in 
the position of the canal for th~ vertebral artery. It perforates a part 
of the base of the neurapophysis, and not that of the diapophysis. ihe 
latter is a decurved lamina, extending the entire length of the centrum, 
and sending a stro1,1g angular· ridge from the posterior outer angle to the 
anterior zygapophysis. The zygapophyses are connected by ·a strong 
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longitudinal angular ridge. The neural spine is a prominent keel of no 
great elevation. The hypapophysis is an acute keel, low . in front, but 
produced downward and backward to a rugose, obtuse extremity. The 
centra are slightly opisthocrelian; the articular surfaces so moderately 
interlocked as to constitute a form intermediate between that of the 
camel's and of the JJ1.acrauchenia. An anterior dorsal vertebra is more 
strongly opisthocrelian, resembling that of the llama. The diapo
physis has a reniform tubercular surface, which looks downward ; from 
its posterior-inferior angle, a strong, fold-like ridge originates, and is 
continued as the posterior margin of the neural arch. Below the capit
ular facet, a short ridge originates, which incloses a median fossa, with 
its fellow on the anterior half of the centrum. A lumbar exhibits a 
strongly-depressed centrum, and the absence of an epiphysis from it 
and from the dorsal described indicate the immaturity of the individual. 

The humerus is a little expanded distally, and is truncate from the 
trochlear margin on the inner side. The posterior portion of this face 
i.s produced into a strong tuberosity, of which a trace may be observed 
in the llama, which prevents the extension of the fore-arm beyond an 
angle of 180°. The inner trochlear face has the greater sweep and less 
width, and is uninterrupted; the outer is wider, and is divided into two 
nearly coincident planes. There is a supracondylar, but no arterial 
foramen, as in Oreodon. 

The fore-arm is long and slender, and the ulna co-ossified its entire 
length, except a foramen near its distal end. The medullary c~vities of 
the two bones are separated for the proximal half of their length. A 
shallow groove distingujshes the ulna proximally, and at the middle of 
the shaft the latter forms an acute edge. Distally, the combined bones 
present three planes, two lateral and a median. The lunar facet is 
most impressed ; the scaphoid and cuneiform are equally prominent. 

The carpus consists of eight bones, the entire mammalian number, all 
entirely distinct. The second series presents the most important pecu
liarities. The trapezium is small and posterior; the trapezo'ides has an 
almost entirely lateral presentation, and is also small, and fits an angle 
of the magnum; the metacarpal facets of these bones are con
tinuous and uninterrupted. The magnum is flat and transverse; the · 
unciform is nearly as broad, and less depressed; it presents two inferior 
articular faces, the lesser interior for the third me~arpal ; that for the 
fifth metacarpal is wanting. 

There are two principal and two rudimental metacarpals. The third 
articulates with half of the trapezo!des, the magnum, and a fourth of 
the unciform ; the fourth with the remainder of the unciform. The 
second and fifth are very short and wedge-shaped, and closely adherent 
in shallow fossre of the third and fifth respectively. The latter are dis
tinct, and present no traces of present or prospective attachment; their 
opposed faces are only flattened on the proximal three-fourths, and 
rounded on the remaining fourth. Their articular extremities present 
no basal ridge, and the median keel is posterior, terminating at the dis
tal cente:r. The basal phalanges are short, and, with a distal trochlear 
groove; those of the second series are half as long. 

Another specimen displays, in addition to cranium with teeth, vertebrre, 
&c., the hind limbs . . The astragalus is that of a true ruminant, but the 
astragalus and cuboid bones are entirely distinct. The ectocuneiform 
is a subcubical bone, and is distinct from the inner cuneifore1 bebi,lld it, 
and which is ;relatively larger than in the typical Ruminantia. ~he 
metatarsals are two in number, and are distinct throughout their length, 
the distal portions being not even flattened for mutual contact. They 
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are very much elongate and resemble those of the fore lim b. There is,. 
on the external, a proximal excavation for the rudiment of the :fifth 
metatarsus, like that which contains the :fifth metacarpus. Probably 
there is a similar second, but tbe indications are lost. The distal end 
of the fibula is not co-ossified with the tibia. 

The above analysis determined some interesting relations of this 
genus. The cervical vertebrm indicate affinity to the Oamelidce, and 
there is nothing in the remainder of .the structure to contradict such 
relation. The separation of the os trapezoiidcs is found in the camels, 
and very few others only among Ruminantia; but, in the presence of 
the trapezium Poebrotherium shows relationships to more ancient 
types, as Anoplotheriidm, &c. The reduction .of the digits to two and 
the separation of the metacarpals point in the same direction ; indeed, 
the number of carpals and metacarpals is prcisely as in Xiphodon. But 
the mutual relations of these bones are quite different from what exists 
in that genus, and is rather that of the Camelidte and other ruminants, 
or what Kowalevsky has called the " adaptive type." This author has 
seen, .in the genus Gelocus, Aym., from the Lowest Miocene, or Upper 
Eocene of France, the oldest ruminant and the probable ancestor 
of a number of the types of the order ; but among these . he does not 
include the Camelidce. The present genus is a more generalized type 
than Gelocus ; in its separate trapezoid · and distinct metacarpals, it rep- . 
resents an early stage in the developmental history of that genus. It also 
presents affinity to an earlier type than the Tragulidw, which sometimes 
have tge divided metacarpals, but the trapezoYdes and magnum co-ossi
fied. In fact, Poebrother·ium, .as direct ancestor of the camels, indicates 
that the existing R~tminantia were derived from three lines represented 
by the genera Gelocus for the typical forms; Poebrotheriun~ for the ~am
les; and Hymmoschus- for the Tragulidm. The first of thege genera can
not have been derived from the second, on account of the cameloid 
cervical vertebrm of the latter, and all three must be traced to the 
source whence were derived, also, the Anoploheriidm, and perhaps the 
little-known Dichodontidm. 

The two distinct metacarpals, separate trapezium and trapezoYdes, 
cameloid cervical vertebrm, and dentition characterize this type as a 
peculiaF family, which may be called Poebrotheriidm. The genus from 
which it takes its name was originally referred by Leidy to the Camelidm. 
I have been unable to detect any characters by which Protomeryx 
hallii, Leidy, can be placed in a distinct genus from the present one. It 
rests on a portion of a lower jaw of an individual somewhat larger than 
the usual size of P. vilsonii. 

Po:EBROTHERIU:M:VILSONII, Leidy, Zoe. cit.,p.141; Cope, Bull. U. S.Geol. 
Surv., No. 1, 24. . · . · 
Several individuals procured. The size was about that of a sheep, 

but the limbs and neck were much longer. The latter resemble, in their 
slender proportions, those of the Xiphodon gracile of the Paris Eocene,. 
and exceed those of any of their contemporaries in this respect. 

Measurements. 
M. 

Length of continuous six molars ••••.• --·-··------------ o•·--- o•··-0 --0·-· __ 0.058 
Depth of mandible at 1\f. 2---o -~-- ------ •o··-- __ -------- oo•- ------ ·----· •o-- .022 
Length of atlas, (on centrum). •o·--· ---------- ---· -- o• -------------------0 0- .035 
Length of third cervical vertebra __ •••• . ___ •• __ 0 ••••• ••••• _ ••••• o..... . . . . .. . .056 
'Vidth of centrum behind ...•••..•.•. o •• 0 ••• o •••••• 0 •• 0. o. _ 0 0 ••••••• 0 __ •• 0 • • .020 
Depth of centrum behind __ .. __ ... 0. _ •• 0 •• o •• _. ________ • _______ • ____ ~ _ _ _ _ _ _ _ .015 
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M. 

Depth of centrum behind, with by apophysis...... . . . • . . . . . •• . . • • •• . . . . • . . . . . .020 
Expanse of diapophysis of fourth cervical. ................. ~-.. • . .• . . . . . . . . . .034 
Expense of zygapophyses of fourth cervical .. . . . . . . . . ..•• .. . . . . . . .. . •• ••• .. . .038 
Length of centrum of first dorsaL . .. . . . . . . . . . .. • . . . . .. . . .. . . . . . . .. . . .. . . . • . . .025 
Width of centrum of first dorsal............................................ .020 
Depth of centrum of first dorsal . . .. . • . . .. • • . .. . • • . .. . . . .. • • • .. . .. . . • .. • . . . . .014 
Width of humerus cistally. r ............................... -..... ~. • • • • • • • • • • .024 
Length of radius........................................................... .183 
Width, proximally...... . . . . . . . . • • . • • . . . . • . . . . . • . . . . . . . . . . . . •.• . . . . . • . . . . • . . . .018 
'Width distally, (greatest with ulna)......................................... .023 
Length of lunar, (anterior face).......................... . . . . . . . . . . . . . . . • . . . .009 
Length of magnum, (anterior face) .........•.•.... ~. . • . • • • . . . • • . . • . . . . • • • . . . .004 
Width of carpus distally . . . • . . . . . . . . . . . • . . • • . • . . . . • . • . . . . . . . . . . . . • . . . . • • . . . · .020 
Width of III. and IV. metacarpal proximally...... . . . • . . • . . • . . . . . . . . . . • • . • . . .019 
Width of III. metacarpal p:roximally . . . . . . . . • • • . . . . • . . . . . • . . . • . • . . . . . . • • .. . . .011 
·width of III. metacarpal distally...... . . . . • . . .. . • • • . . . . . . . • . • • . . . . • • . • • • • • • .009 
Length of III. metacarpaL... • . • . . . . . . . . . . . . . . • . • • • . . . .. . . . . • • . . . . . . . . • . . . . .181 
Length of proximal phalange............ .... ••.• .... ..•••. ...• •..• ••.• •..• .017 
Length of . phalange of second row. . . . • • . . . . • • . • • . . . • . . . . • • • . . . . • . . . • . • • . . . • . . .010 
Total length of hind foo.t, (No. 2)... •• . . . . . . . . • . • . . . . . • . . . . . . . . • •. • . • • • . . • . . . .243 
Length of tarsus . • . . . . . . . . . . . •... • . . . . • . . . . • . . . • . . • . . • • • . . .. • • . . . . . . . . . . • . . . . .040 
Length of astragulus . . • • • • . . . . . . . • • • . • . . • . . • . . . . • • • . • • . . • . . . • • • • . • • • • • • • . . . .025 
Length of metatarsus ...... ...... ...... ...• ••.. ..•••. .... •••• .••••. .••.. .... .147 
Length of unguis . . . . . . . . . . . • . • . . . • • . . . • . • • • . • . . . • • • . . . . . . . . .. . • . . • • . . • • • . • . .015 

HYPISODUS, Cope. 

Synopsis New Vertebrata Colorado, 1873, pp. 5, 7.-Bulletin U. S. Geological Survey, " 
No.1, p. 26. 

With this genus we enter a group of true ruminants which are allied 
in many respects to genera now living in the . warm regions of Africa 
and Asia, namely, the Tragulidce. The premolar teeth are similarly sec
torial in their character, excepting the last in Hypisodus and Leptome
ryx, and the metapodial bones are co-ossified into a common bone late in 
growth; a deep intervening groove always remaining. The cuboid and 
navicular tarsal bones are more or less completely co-ossified. The re
lations of the lateral metapodial bones are not yet determinable. 
. Dental formula ~f Hypisodus: I., i-; C., f; P. m., t; M., f· In the 
maxillary bone, two posterior premolars are preserved ; the last has a 
single internal crescent, which extends from the posterior external cres
cent as an oblique branch inward and furward. In the mandibular 
series, the six incisors, two canines, and two first premolars form an 
uninterrupted series of ten subequal teeth, and are followed by a long 
diastema. There is no diastema behind the first premolar. The num
ber and relations of the teeth (the P.m. superior nos.1-2 unknown) are 
much as Poeb1·otherium, but the molars are more prismatic in form. 

HYPI~ODUS MINil\1US, Cope, Bull. U. S. Geol. Surv., 187 4, No. 1, p. 26. 
Leptauchenia mini'ma, Cope, Pal. Bull., No. 16, p. 8; Hypisodus cingens, 

· Cope, Synop. New Vert. Ool., p. 7. 
Represented by numerous remains of a species not larger .t'9-an a 

gray squirrel. • 
The antero-exterior vertical ridge of the molars is more prominent 

and overlaps the preceding tooth more extensively than in the other 
species. The posterior-superior molar is narrowed behind, and has a 
small heel-column. In the mandible, the third premolaP is three-lobed, 
and the first premolar is not separated from the second by a hiatus. 
The superior molars exhibit no basal shoulder, but have distinct roots. 
The inferior molars are still more prismatic, and the roots of the last 



502 GEOLOGICAL SURVEY OF THE TERRiTORIES. 

are short; enamel smooth. The valleys of the anterior lower molars 
disappear with u~e more readily than in some of the allies. The second 
inferior premolar is one-rooted. , 

.The symphysis is spatulate, and emarginate distally, very convex be
low, shallowly concave above. The diastemata are occupied by sharp 
borders, which are slightly approximated at the posterior part. The 
teeth are directed anteriorly, and are subequal. ' The mental foramen is 
just in front of the bounding angle ·of the symphysis. 

Measurements. 
\ 

Length of symphysis .•••••••••. ~ ••••. ~ ••••...••.••.•..•••••..••••.••••••• 
Width, (least) .•••..•..•.•••••••••••.•.•..••.•.....••••.•••••••••.•.••.•••. 
Width at I. 5 .••••...•••.•••.•.••••..•..••..•.....•••.•• · •••••••••••••••••••• 
Width at I. 3 .••••••••••.•••••...•..••••.....•....••.••.•.••••.•••••••••••• 
Length of three molars above, (No.1) •.•••.••••.•.••.•..••••••••••••.••••.. 
Length of last molar ••••• .- •.••..••....•••.•••.•.••••..•••••...••.•••••••.. 
Width of last molar ....................................................... . 
Length of three inferior posterior molars, (No. 2) ........................... . 
Length of inferior last molar .••••••.•••••••.•.••••.••.•....•....••...•••.• 
Width of inferior last molar ..••.•..••.••••.•..•••.••••••.•.........•..•... 

M . 
. 0.0090 

.0035 
• .0042 

.0046 

.0120 

.0050 

.0030 

.0130 

.0058 

.0025 

Probably the least-known species of .Artiodactyle. This exceedingly 
small ruminant was very abtindant during the period of the oreodons, 

• &c. 
HYPERTRAGULUS, Cope. 

Bulletin U.S. Geol. Survey, No.1, 1874, p. 26. 

This genus is allied to Dremotherium, Geoff., and Leptomeryx, Leidy. 
'The diagnosis may be thus compared; that of the first I derive from 
Pomel: 

Hypertragulus, Cope: Molars, 6-6 ; first superior premolar without 
internal lobe; inferior premolars differing in form, the first one lobed, 
situated at a distance from the second, which is not three-lobed. 

Dremotherium, Geoff.: Molars, 6-6; first superior premolar 'Without 
interior lobe; inferior premolars similar, three-lobed, and contiguous. 

Leptorneryx, Leidy: l\iolars, 6-6 ; first and second superior premolars 
three-lobed, and with an internal lobe; third with an inner and an outer 
crescent; inferior premolars similar, three-lobed, and contiguous. 

In Hypertragulus, the third upper premolar exhibits an internal as 
well as an external crescent. The canine of the inferior series stands 
in the ~iddle of a considerable diastema, which is preceded by three 
incisors. 

HYPER1'RAGULUS CALCA.RATus, Cope, Bull. U. S. Geol. Surv., p. 26; 
Leptauchenia calcarata, Cope, Pal. Bull., No. 16, p. 7. 
The second superior premolar is quite short, and its inner lobe small. 

The last premolar has a strong cingulum on the anterior, a.nd especially 
on the posterior faces of the last premolar. The superior molars have 
no rib or column opposite the interval between the crescents; the last 
molar . exhibits four ribs on the outer side. The second (third) inferior 
premolar is compressed and elevated and much shorter than the third, 
which is three-lobed; The posterior crescents of the last inferior molar 
~re opposite, ahd not separated posteriorly by a fissure. 

This very abundant species of musk is a little smaller than the Lepto-
meryx ~vansii. · 
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Measm·ements. 
Length of five molars ...•..••..•••••• ". ••.•••••••••••....•••••....•••.•.... 
Length of three true molars ••.•.•••••••••••••••..•...•.••.•••••••••••••.•. 
Length of last true molar ................................................ . 
Width of last true molar ...• _ ............................... .' •...•...•••.. 

50& 

M. 
0.0260" 

.0175· 

.0080 

.0070 

This species is smaller than the smallest of the genus yet described. 

HYPERTR.A.GULUS TRICOST.A.Tus, Cope, Bull. U. S. Geol. Surv., No .. 
1, 1874, p. 27. 
A second species, about the size of the last, is represented by the 

super,ior molars of one individual, and perhaps, by numerous mandibles. 
which I cannot certainly associate with them. The last premolar bast 
as in the preceding species, a strong posterior cingulum; but there are 
only three ribs on the outer side of the third molar, the characteristic 
heel being absent. The latter also l~cks the cingulum, which passes 
round the inner side of the bases of the crowns in 0. calcaratus, its rep
resentative being the basal tubercle between the inner lobes of that and 
the other molars. 

LEPTOl\fERYX, Leidy. 

LEPTOMERYX EV.A.Nsn, Leidy, Ext. Fauna Dak. and Neb., p.165; Tri
merodus cedrensis, Cope, Pal. Bu~l., No. 16, p. 8. 
The form of premolars characteristic of Primerodus, as cited, pertains 

also to this genus. The specific name represents the smaller forms, but 
I find a considerable range in size in the numerous specimens obtained, 
and do not at present regard them as belonging to more than one species. 

• STIBARUS, Cope . 

Paleontological Bulletin, No. 16, p. 3 . . 

This genus is known from a p~rtion of a man:dibuiar ramus which 
supports two premolar teeth, one in an imperfect condition. These 
teeth are of unusually large size as compared with the depth of the 
ramus, especially in their antero-posterior diameter. The mental fora
men issues opposite the anterior root of the first, which is also pre
ceded by a diastema of uncertain length. The second premolar is sec-: 
torial in its form, and entirely symmetrical bilaterally, i. e., its cutting 
edge is median, and there is no incurvature or ribbing of the inner or 
outer side, but the sides slope symmetrically to the apices of the three 
cusps of the crown. 

The character of this tooth is quite that of some carnivorous animals, 
e. g., of some Oanidw, but the elongate preceding premolar, diastema, 
and absence of canine alveolus lead me to the opinion that it is an 
artiodactyle, with the sectorial premolar teeth of the group just consid
ered. The elongate form of these teeth resembles most that of Poe'bro
therium, but it differs from this genus, as from the others, in the most 
decided manner. But one species is known. 

STIB.A.RUS OBTUSILOBUS, Cope, loc. cit., p. 3. 
This species is rare in Colorado, as but one specimen has come under 

my observation. It is represented by a portion of a mandibular ramus, 
which supported the two anterior premolars. The teeth are elongated , 
and compressed, with low crowns and flattened .roots; the crown of the 
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third is four-lobed. Third premolar with large anterior lobe and pos
te~or heel. Median lobe~ obtuse; three last lobes connected by a low 
edge. Enamel slightly rugose. 

Measurements. 
M . 

Length of bases of three premolars • . . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . 0.076 
Length of basis of third premolar . . . . • • . . . . • • . • . • • . . • . • . . • . . . . . . . . . • . . . • • • . . .008 
Elevation of crown of thi:r:d premolar.... . • . • . . • • • • . . . . . . . . . • • • • . . • . . . • . • • • . . . 004 
Depth of ramus at third premolar................................... ......... .007 

PELONAX, Cope. 

This genus embraces species which are nearly allied to Elotherium. 
It is more hippopotamoid than that genus, in the possession of four 
digits on all the feet and a rudimentary fifth on the pes. According to 
Kowalevsky, Elotherium possesses but two digits of the fore-foot. The 
E. mortonii and E. ingens of Leidy represented the genus during -the 
Miocene period in North America, species which Kowalevsky is disposed 
to unite with the E. magnum, Aym., of Europe. 

PELONAX CRAssus, Marsh. (~ ) Elotheriurn crassum, 1\farsh, Amer. 
J ourn. Sci. and Arts, 1873, _p. 487. 
According to Marsh, the digits in this species are 4-5. Three crania, 

one nearly complete, represent this species in our collections, so far as I 
can determine from Marsh's very brief description. The form of .the 
skull is very different from that of the Elotherium mortonii . . The _poste
rior portion from the orbits is abbreviated and the sagittal crest de
scends from the protuberant frontal region. The orbits present upward 
and forward, and the temporal fossa is higher than long; the face and 
muzzle are long and narrow. The malar portion of~he zygoma is con~ 
siderably deeper than the squamosal portion. The descending process 
of the zygoma is directed down ward and forward, as described by 
Marsh. There is a small, supernumerary, single-rooted premolar close 
behind the second in all three Cllania. The -length of one of -the skulls 
is eighteen inches. The measurements of the tee.th agree with ,those 
given byMarsh. 

PELON AX RAMosus, Cope; Elotheriurm ramos1tm, -Cope, Bull. U. · S. 
Geol. Surv. Terrs., 1874, No.1, p. 27. 
Established on the greater part of a mandible with teeth, from a cra

nium, which, when complete, must have measured nearly two .feet and .a 
half in length, indicating an animal no smaller than the largest living 
rhinoceroses. The species is remarkable for the great size of . the .tuber
osities. on the under side of the mandibular rami, especially of -~be ante
rior pair. The symphysis is narrow and deep in front, and the tuber
osities form two branches, whose bases occupy the entire lower part 
of its infero-anterior face. They are some inches long, and are directed . · 
outward and downward. The posterior edge is acute, and the extremity 
very rugose, as though for the attachment of a horny or cartilaginous 
cap or apex. The outer face is flat; the inner, convex. The second tu
berosity is below the first true molar, and is flat and with apex obtuse 
in profile, and turned outward. The molar teeth number seven; the 
first and second of the four premolars have but a single root, and are 
separated by a short diastema. The 'tubercles of the molars are 'low; 
the crowns of some of the premolars have a cingulum in front and be-
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hind. The canines are lost, but their alveoli indicate huge size; the 
root possesses an open groove on the front of the inner side. The outer 
incisors are· large and close to the canine; the last molar is two-lobed 
and rather small. 

]Jfeaswrements. 
M. 

Length of series of inferior molars .. _________ . __ .... _. _. . . . . . . . . . . . . . . . . . . . . • 0.370 
Long diameter of canine alveolus, (28.5 lines) ............................... ~ .060 
Length of true molar series . . . . . . . . . . • . . . . . . . .. . . . • . . .. .. .. . • . . .. . . • .. . . . .. . .140 
Length of crown of fourth premolar.... . .. .. . .. . . .. . . . . . . . .. . .. .. . . .. .. . • . . . .053 
Height of crown of fourth premolar, (worn) .. _ ...•.. l.. .... ... ... . . . .. . .... .022 
Width of symphysis between canines........................................ .090 
Length of chin-process, (3.5 inches) . _.... . . . . . . . .. . .. .. .. . . . . . . . . . . • • . . .. . . . .090 
Width of chin-process antero-posteriorly... .. .. . . .. .. . . . . . . . . .. .. . . . ... .. . • . . .080 
Length of interval to second tuberosity ................... ~.................. ;150 
LMgth of basis of second tuberosity........................................ .075 
Length of symphysis . . . . . . • . . . . • . • • . . . . • •.• . . . . . . . . . • • • • . . • • . . •.• • • . . • • • • . . . . .175 
Depth of ramus atP.•m. 2 ..•••..•.......... ~--· .•••••..............• '.. ...••.. .100 

The only species with which it is neceRsary to compare the Pelonax 
ramosus is the Elotherium imperator, Leidy, (=E. superbum, an older 
though less appropriate name,) known from a canine and incisor-teeth 
from C:;tlifornia and Oregon. The long diameter of the canine is to that 
of E. ramoswm as 5~ to 7 i-· 

CARNIVORA. 

HYJENODON, Laiz. et Par. 

HYJENODON HORRIDus, Leidy, Ext. Fauna Dak., &c., p. 39: Cope, Bull. 
U. S. Geol. Surv., No; 1, p. 9. 

HYJENODON CRUCIANS, Leidy, loc. cit., p. 48; Cope, Zoe. cit., p. 9. 
This and the preceding species were found rather rarely, and in al1out 

equal proportions. 
A1}1PHICYON, LarL 

A~:IPHICYON VET US, Leidy, Ext. Fauna Dak., &c., p. 32. 

CANIS, Linn. 

CANIS HARTSHORNIA.Nus, Cope, Synop. New Vert. Col., 1873, p. 9. 
Indicated by a portion of the mandibular ramus with the first tuber

·cular molar and alveolus of the second. The species was as large as the 
Canis latrans. The anterior molar preserved bas an ·interrupted cingu
lum on the outer side, which projects considerably in front, thus inter
rupting the parallelogramic outline of the crown. The outer anterior 
tubercle is much the larger, while the inner ones are hoth obsolete. In 
0. gregarius, Cop-e, the ·tubercles are equal, and there is no cingulum. 
Root of tubercular molar subround in section as .in 0. _gregarius. 

JJ[easurements. 
M. 

Length of bases of M. II and III .••.•....•...... _ ...................... ~... •. .0130 
Length of base of crown of M. IL ............. _.. . . .. . . . • . .. . . . .. .. . . .. .. . .. .0090 
Width of base of crowu of M. II .............................. "'.............. .0060 
Elevation of crown of M. II. ............................... ·................. .0050 

Named for my friend, Dr. Henry Hartshorne, profe~sor of natura~ 
sciences in Haverford College. 
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.As compared with the corresponding parts of the Ampkicyon vet-tfs; 
the specimen of this species displays the characters of the genus Canis. 
The first tubercular molar is considerably smaller-not much more than 
half as large, and the second very small, a~d supported by but one cy
lindric root. The alveolar portion of the ramus is at the same time as 
stout as that of the A. vetus. 

CANIS LIPPINCOTTIANUS, Cope, Synop. Vert. Col., 1873, p. 9. 
Among the numerous .-emains of dogs associated with those of ro

dents and insectivora, I have observed several portions of mandibular 
rami with teeth which indicate a species intermediate in size between 
the Canis kartskornianus and the 0. gregarius. It was therefore not 
very different from th~ coyote in size. Selecting one specimen as type, 
which con pains the teeth which correspond to those which represent the 
species last described, I find the following peculiarities : The root of 
the last molar is much compressed. There is only a trace of cingulum . 
on the penultimats, and the tubercles of the inner side of the crown are 
well developed. ·Dimensions half as large again as in 0. gregarius, as 
indicated by many specimens of the latter. In it the anterior lateral 
tubercles are subequal . 

.A second specimen from the same locality is a mandibular ramus, with 
the alveoli of the entire molar series and the last premolar and sectorial 
perfectly preserved. .As compared with a larger number of specimens 
of 0. gregarius, the jaw is larger, but is chiefly distinguished by ~the rel
atively stouter and broader teeth. The first premolar is one-rooted. 

JJI eas~trem.en ts. 
M. 

Length of bases of crowns of M. II and III, (No. 1) ...•.................••.... 0.0095 
Length of base of crown of M. II............................................ .0060 
Width of base of crown of M. II...... . . . . . . • • . • . . . • . . . . . • . • . • . • . . . . • • • . • • . . . .0035 
Elevation of crown of M. II .•••..•..•...••....••.. --~-...................... .0030 
Length of bases of five anterior molars, (No.2) ..•.••.•.......••.•...••. ·----· .0320 
Length of bases of four premolars . • • • . • . . . • . . . . . . . . . . . . . • . . . • . . • . • • • . . . • • • • . 0220 
Width of sectorial at middle .. :.............................................. .0045 
Elevation of sectorial at middle . . . . • . . • . • • . . . • • . . . . • • . . • • • . • . • • • . . • • . . • • • • • . .0070 
Depth oframus at sectoriaL................................................ .0130 
Thickness of ramus at sectorial.-~····....................................... .0055 

CANIS GREG.ARrus, Cope, Pal. Bull., No.16, p. 3 . 
. .About half the size of the red fox, ( Vulpes fulvus,) or equal to tlie V. 

littoralis, Baird, but with relatively deeper mandibular ramus than 
either. The premolars are in contact with each other, and the middle 
posterior lobe is well developed, except in the first, which is also one
rooted. Sectorial, with stout inner tubercle as high as the anterior lobe; 
heel rather small. First tubercular with two roots relatively smaller 
than in the species last described; with two anterior and one posterior 
tubercle. The second tubercular is very small, and has a single sub
compressed or round root. It remains in very few specimens; and in a 
few has evidently never existed. .A premaxillary with part of the max
illary bone displays parts and alveoli of two incisors, one canine, and 
the first premolar. There is scarcely any diastema, and the canine is 
compressed oval in section. The exterior incisor is quite large, exceed
ing by several times the inner one. The premaxillary bone has but little 
anterior production. 
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Measu·rements. 
M. 

L·ength of molar series....... . . . • • . . . • • . . • • • • • • • • • • • . . . . • . • • • • . . . . . . . . • . . . . . . 0.036 
Length of premolar series .••••...•••...•••....•.•...••..••.•...... ~ . . . . . . . . • . .019 
Length of fourth premolar...... . . . • . . . • • • • . . . . • • . . • . . . . • . . . . . . . . . . . • . . . . . . . . .006 
Length of sectorial •........•......•.•....•.• .' •• ·. . . . . . . . . . • • • . . • • • . . . . . • . . . . . .009 
Width of sectorial ...•.. ·· . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .004 
Height of sectorial .••.....•••..•.•..•....•••....••........... _.. . . . • . . . . . . . . .006 
Depth of rarims at sectorial...... • . . .. . .. .. .. . .. • .. .. . . .. .. .. .. .. .. .. .. . .. .. . . .010 

This species is more abundant than all the other carnivora of the Col
orado beds together, and is the only one that bears due proportion to 
the numbers of rodentia, on which it no doubt depended for food. 
Slight and unimportant variations may be observed among the numer
ous specimens. 

This species is about the size of the Amphicyor!J gracilis, Leidy, from 
the vVhite River beds of Dakota, and !suspected at one time that I had 
found that species in Colorado. Dr. Leidy describes that dog as having 
a two-rooted second tubercular molar, a character befitting its reference 
to Amphicyon, but very distinct from anything found in Canis gregar·ius. 
Leidy's figure (7-8, Pl. v) exhibits also an equality in the size of the in
cisor~alveoli and production of the premaxillary bone not found in the 
present species. 

CANIS OSORUl\r, Cope, Synop. Vert. Col., 1873, p. 10. 
Represented by two mandibular rami of a species of about the size of . 

a weasel. One of these exhibits four premolars, t.he other a fourth pre
molar with fangs of a sectorial, and one or two tubercnlars. The first 
premolar is one-rooted and close behind the large canine; the third 
exhibits no posterior lobe, and the crown is 10\v. The ramus is shallmv 
and stout. 

In the second specimen, which is only provisionally referred here, the 
proportion of the base of the crown of the fourth premolar is identical 
with that of the first-described specimen. It exhibits a posterior me
dian lobe. · The succeeding tootll was a little larger, and the first root 
following placed transversely in the jaw. 

M easttrements. 
M. 

Length of bases of four premolars, (No. 1) .................................... 0.0113 
Length of basis ofP. m. III ................................................... 0030. 
Elevation of crown of P.i11.lii...... .. . . .. .. .. . . .. .. . . . . .. . .. . .. . . . . .. . . . . .. . .0020 
Length of basis of crown of P.m. IV ...................................... : ... 0040 
Depth of ramus of mandible at P.m. IV .......................... _.,......... .0060 
Length of bases ofP. m, IV, M. I. ............................................. 0080 
Depth of ramus at first molar ............... __ ............. -~---- .............. 0060 

BUNlELURUS, Cope. 

Synopsis Vertebrata Colorado, 18i3, p. 8. 

Char. gen.-lVlolars two, the first sectorial and without inner tubercle; 
the second small, tubercular. Premolars simple, acute; mandible not 
widening forward. This is one of the forms which associates the Felidm 
and Mustelidm. With the tubercular tooth of theJatter, the sectorial re
sembles that of the cats, in the absence of all trace 1of the inner tuber
cle, but is again weasel-like in the well·developed h~el of the sectorial. 
The genus is probably without the peculiarities of the Drepclnodons, &c., 
i.e., the downward expansion of the mandible, &c. Tlie genus .2lJJlurogale, 
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of Delfortrie, is said to present a dental structure not unlike that of 
Bunrelurus, but I have not had the opportunity of reading his diag
nosis. 

BUN.JELURUS LAGOPHAGUS, Cope, loc. cit., 1873, p. 8. 
Represented by a portion of a mandibular ramus, which carries .,the 

sectorial and tubercular teeth, and another, more perfect, from the right 
side, which contains the two last premolars as well as the sectorial and 
tubercular teeth . . Thus th~ number of premolars is uncertain. Those 
preserved are narrowly acuminate; the basal lobes of No.3 quite small. 
The middle lobe of the sectorial is considerably higher than the anterior, 
and the heel, though short, is well developed. Tubercular small; crown 
longitudinally extended. 

This feline was about the size of a half-grown cat. 

Measurements. 

Length af crowns of four.molars, (No. 1, immature) ..•. --~ •• • - ..••••.•.•.... 
Length of two true molars .•••••••••••• _ ••.•••.••••••••••••••.••... ~ •.•••.• -
Length of sectorial tooth .•••••••••.•••••.•••••••••••••••••.•••••••••.•••••. 
Width of sectorial tooth ................................................... . 
Elevation of sectorial tooth .•••••••••••••••• ~ ............................. . 
Depth of ramus at sectorial tooth ......................................... . 
Depth of ramus at sectorial, (No.2, adult) ................................. . 

DAPTOPHILUS, Cope. 

Paleontological Bulletin, No. 16, p. 2. 

M. 
0.0140 
.0065 
.0050 
.0021 
.0045 
.0050 
.0070 

General character of dentition as in Machrerodus, but the mandibular 
teeth are: C., 1; P.m., 3; M., 1, a premolar tooth being added. Sec
ond premolar three-lobed; carnassial tooth with short cutting-heel; 
tubercular none. Superior canine much compressed, denticulate, not 
grooved. 

DAPTOPHILUS SQUALIDENS, Cope, loc. cit. 
Established on a specimen in which the permanent sectorial of the 

lower jaw is protruded, but the temporary sectorial not yet displaced 
. by the permanent last premolar. Second premolar with strong, sub

equal anterior and posterior basal lobes and two-rooted. Enamel 
smooth. 

Sectorial with two posterior lobes, the lower prominent. Ramus 
decurved at symphysis. Superior canine in shape, like a tooth of a 
shark of the genus Oxyrhina; flat within, slightly convex without; the 
front cutting-edge turned inward at the basis; both edges denticulate. 
The fang of the inferior canine penetrates beyond a point below the 
first premolar. 

Measu,rements. 
.M. 

Length of bases of three posterior molar teeth...... . • • . .. .. • • • . . .. • • • . • • • • • 0.040 
Length of basis of second molar tooth.. • • • • . . • • • • .. • • • • . • . • • • • • • • • • • • • • • • • • .010 
Elevation of basis of crown of second molar tooth . • • • • • • • • •• • • • • . • • • • • • • • • . .009 
Length of basis of crown of fourth molar tooth • • • •• • • • • •• • • • • •• • • • • •• • • • .... .017 
Elevation of basis of crown of fourth molar tooth ••••••••••• !'...... .. . . . . . . .013 
Depth of ramus at fourth molar tooth .••••••• · ._ •••••••••••••••••••• .'.... • • • • • .015 
Depth of ramus at second molar tooth... • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .018 
Length of fragment of upper canine...... • • • • • • • • • • • • .. • •• • • • • • • • • • • • • • • • • • • .025 
Width of fragment of upper .canine at base .•••.••••••••••••• ·-~· ··· ••••••• ~· .011 

Size of the panther. 
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Should it be ascertained that this cat developes a tubercular molar, 
(of which I can now find no trace,) it will be necessary to estimate it as 
a second-species of Dinictis. Besides the large basal lobes of the second 
premolar, the inferior canine has an apparently larger sh:e and more 
posterior extent of the fang; certainly much greater than in the Hoplo
phoneus oreodontis, which resembles the Dinictis felina in this region ex
teriorly. In accordance with the continuation of the canine alveolus, 
the inferior border of the jaw is rounded, and though flared on the outer 
margin for the large superior canine, it is not trun,cate as in the saber
toothed tigers generally. Coincidentally the superior canine is reduced 
in size, being relatively shorter than in D. felina. 

HOPLOP:HONEUS, Cope. 

Bulletin U.S. Geological Survey Terrs., No.1, p. 23,1874. 

Ghar. gen.-Dental formula of mandible, I., 3; C., 1; P.m., 2; M~ 2. 
Superior canine greatly developed; end of mandible expanded and thick
ened to protect it. 

This is simply Machwrocltts with a tubercular molar, as in Dinictis. The 
dental formula is the same as that of Bunmlurus, but the latter proba
bly has the character of Felis in its anterior dentition. 

HOPLOPHONEUS OREODONTIS, Cope; JJ1achmrodus oreodontis, Cope, Sy-
nop. New Vert. Col., 1873, p. 9. .., 
Ghar. speclf.-The species was ·established on a young individual with 

part of the temporary dentition remaining. .A. jaw of an adult furnishes 
additional characters. The first premolar (the third) has two roots and 
is as la-rge as the second, instead of being smaller, as in Drepanodon 
primcevus. The second (fourth) has a prominent anterior basal tubercle, 
as in the last-named species, but which is, according to Leidy, wanting 
or very smaU in Dinictis-jelina. The anterior angle of the mandible is 
not produced downward so much as in the Drepandon, but is more as 
in Dinictis felina, with which the present species agrees nearly in size. 
The diastema is very short and rises to the base of the large inferior 
canine. There is a mental foramen below the anterior root of the first 
premolar, and, two vascular foramina on the front face of the ramus, one 
above the other. In the form of the second premolar, this species re
sembles Drepanodon occidentalis, Leidy; but that species is supposed not 
to possess the tubercular molars, and is nearly twice the size of the pres
ent animal. 

~[easurements. 
M. 

Length of ramus to end of molar series ..•.... ----· .. _ .................... ,.. 0.065 
Length of molar series ............. __ .• _ .... : .............. _ ..... ___ ..• _....... .048 
Length of base of first premolar .. _. _ .... _ ......... ____ ... _ .............. _. _. .014 
Length of base of sectorial. .... _ .. __ . _ ... _ .... _ ............ _ ...... __ ... __ .. .017 
Depth of ramus at sectoriaL .... ~--·-· ............ ·----· ............... :.... .017 
Depth of ramus at diastema ..................................... ------...... .024 
Depth of ramus at symphysis............................................... .024 

The second specimen is immature, and presents the following charac
ters. It is represented by an incomplete manibular ramus of the right 
side, containing two incjsors, and the deciduous sectorial, with portions 
of other teeth. The incisors are very stout, and exhibit slightly-curved 
conic crowns, with a serrulate cutting-eG.ge on the inner face. The sec
torial tooth has the elevated acute anterior lobe, which forms with the me
dian lobe the usual sectorial shear. Post~rior.1y .to the median, there are 

/ 

/ 
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two acute lobes, the third as ·high as the anterior, while the fourth nearly 
reaches the line of the base of the anterior notch. There is no anterior 
basal lobe. The sectorial was of large size, ju4_ging by the alveolus. 
The first premolar was also large and two-rooted~ The alveolus for the 
inferior canine is flat qn the inner side. The increasing anterior depth 
of the ramus indicates an expansion for the protection of the l~e 
superior canine. 

·From the same locality as the last. About the size of the Canada 
lynx. 

Measurements. 
M. 

Length of bases of crowns of premolars I and II . • . • • . . . . • • • . . . • • . . . . • . . • . . • 0.0210 
Length of bases of crowns of premolar II .• _,. •• . .• • ••• . . . • •• . . . • • . . ••• . . • • ... • .0110 
Elevation of crown of premolar II...... . • • • • • • . • • . • • • • . • • • . .. .. . . • • .. .. • • • • .0110 
Elevation of crown of incisor II ................. ; •• • ••• . .. . • . . .. . • . . • . • ••• • .0055 
Diameter of crown of incisor II. ........................... .-................ .0035 
Length of diastema behind canine .•• •.• .. • ... ... • .• • . . .... • . . • • . • • ••• . • • •• • .0110 

. QUAD RUMAN A. 

MENOTHERIUM, Cope. 

Bulletin U.S. Geological Survey of Terrs., No.1, 1874, p. 22. 

This new genus is probably quadrumanous, and allied to the lemurs; 
but as I only possess portions of two mandibulaa- rami with dentition, a 
more exact determination will be looked for with interest. It is the 
first indication of the exist~nce of monkevs in the 1tiiocene formation of 

· the United States. " 
There are at least two premolars and three molars in the inferior se

ries ; those anterior being lost in the specimens. The last premolar is 
some~hat sectorial in form, having a compressed but stout median cusp, 
a broad heel behind, and a small tubercle in front. The last molar is 
rather smaller than the others, and with a slight posterior or fifth 
tubercle. The molars support four tubercles nearly· opposite, in pairs, 
and conn~cted by a diagonal crest, so that when the crown is worn an 
S-shaped 'figure results. The two alveoli in front of the last_ premolar 
may have contained each a separate tooth, or a single tooth, longer than 
any of the others. The genus is apparently allied to the Leptocltmrus 
of Leidy. 

MENOTHERIUM LEMURINUM, Cope, loc. cit., January, 1874. 
Char. specif.-The last premolar is longer than any of the molars. 

There are no cingula on the molars, but the transverse crest from one 
of the tubercles descends to the side of that opposite to it, along the 
end of the crown. Enamel smooth. Ramus of the 3aw rather elongate. 

Measurements. 
M. 

Length of base~ of six molars . • • • • • . . • • .. . .. • • • . • . • . • .. .. .. .. . . .. .. . .. • . .. • 0.0250 
Length of bases of true molars.............................................. .0120 
Length of basis of first true molar ........................................ ~. .0040 
Width of basis of first true molar. • .. • .. . . • .. • .. .. • . .. • • .. . .. • .. . • .. .. .. .. .. .0032 
Length of basis of last premolar.... • .. . • .. • .. • • . . • • .. • • • • • • .. .. • • .. • • .. .. .. .0052 
Width of basis of last premolar .. ........................................... .0030 
Depth of ramus at last premolar.... .. .. .. .. .. . • .. .. .. . • .. .. .. .. .. .. .. .. .. •. .0090 

This animal was about as large as the domestic cat. 
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TESTUDINATA. 

TESTUDO, Linn. 

Remains of species of this genus are very abun.dant in the Miocene of 
Colorado, and present much greater variety of structure than do the tor- ' 
toises of the White River beds 'of Dakota. This is most sfrikingly seen 
in the forms of the lobes of the plastron, which may be flat and trun
cate, deeply bifurcate or produced into a wedge-shaped proce.ss. I have 
distinguished four species, as follows: 

TESTUDO CULTRA.TUS, Cope, Pal. Bull., No. 15, p. 6. 
This species introduces several from the same formation aR the Pelto· 

saurus, which agree with the existing genus Testudo in their short, stout 
metapodial and phalangeal bones, and single anal scutum of the cara
pace. 

In the P.resent species, the prominent peculiarity is seen in the form of 
the lip of the anterior lobe of the plastron, each half of which is an 
elongate pyramid, its depth and width being equal. The marginal bones 
were short, stout, and recurved. Length of carapace .nearly 18 inches. 

TESTUDO LATICUNEUS, Cope, Pal. Bull., No. 15, p. 6. 
In this species, the. anterior lip of the lobe of the plastron is very 

prominent and wedge-·shaped, and with dentate margin, and is flat and 
thin. The posterior lobe is subtruncate. The mesosterna! bone is hex;. 
agonal and broader than long, and is pointed behind. The pygal bone 
is triangular, and the anal marginal is convex in both sections and 
abbreviated below. Each marginal bone behind the bridge presents a 
mucro, where a dermal suture reaches the margin. Anal scutum very 
wide. All the sutures double lines. Length from 18 inches to 2 feet; 
width two-thirds the length. Carapace rather flattened. 

This is the most abundant species of the formations; several good 
specimens obtained. • 

TESTUDO AMPHITHOR.AX, Cope, Pal. Bull., No. 15, p. 6. 
Anterior lobe of plastron broadly truncate, scarcely lipped; pos

terior lobe openly emarginate. l\fesosternum longer than broad, acute 
in front, very obtuse behind. All the sutures simple. Anal marginal 
shortened uut convex. Form depressed. Length and width as in the 
last. 

TESTUDO LIGONius, Cope, Pal. Bull., No. 15, p. 6. 
Posterior: lobe of plastron produced into two flattened, sharp-edged, 

wedge-shaped processes, separated by a deep notch, as in Hadrianus 
corsonii. Marginal bones behind very wide, or, considered separately, 
long and narrow, with a step-like angle and notch where the scutal 
suture reaches the margin. 

The form of the anterior lobe of the plastron is yet uncertain, though 
fragments found with the type resemble that of T. latimtneus. At least 
three incomplete specimens obtained. 

STYLEl\iYS, Leidy. 

STYLEl\IYS NEBRASCENSIS, Leidy; Test~tdo nebra.soensis, Leidy, Report 
Geol. Surv. Terrs., (4to,) vol. i, p. 339. 
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LACERTILIA. 

PELTOSAURUS, Cope. 

Palentol. Bulletin, No. 15, p: 5. 

Premaxillary undivided, with spine; a zygomatic postorbital; and 
parieto-quadrate arches. Teeth pleurodont, with obtuse, compressed 
crowns, of similar form on all the jaw-bones. Body covered with 
osseous scuta, which are in places united by suture. Vertebr:::e de
pressed, with simple articulations. Median, hexagonal, dermal scu~a 
on the parietal bone. Parietals united. 

There are sufficient remains of the typical species of this genus to 
furnish a basis for an estimation of its affinities, a point of some inter
est, as this has been seldom if ever done in the case of a terrestrial 
lizard of the 1\:fiocene. The primary group to which it is to be referred 
is not difficult to determine.* 

The frontal and parietal bones are each undivided, and there is no 
fontanelle in either or their common suture.t There is a large post
frontal, and the usual cranial arches are present, and the quadrato-jugal 
absent. The frontal possesses strong lateral inferior crests, but whether 
they underarch the olfactory tube completely the specimen does not 
show. All the usual elements of the mandibular ramus are present, 
but the angular is very narrow. The dentary does not extend behind 
the coronoid on the external face of the jaw. The coronoid is little pro
duced either forward or backward above, but sends a process forward 
on- the inner face of the dentary. The splenial is well developed but 
becomes very slender anteriorly; it covers the meckelian groove except 
for a short space distally, where it furrows the inferior aspect. of the 
jaw. The surangu1ar is quite peculiar; it is massive, and lacks the 
usual deep fossa for the pterygoid muscle, and has a broadly truncate 
superior margin. It is in the same vertical plane as the dentary, and 
not oblique or subhorizontal as in most Geccon·idm. The dental foramen 
is small and pierces its inner face. The posterior angle of the ramus 
is broken off. 

The characters of the premaxillary bone, fontanelle, dentition, coro
noid, dentary, splenial bones, and Meckelian groove place this genus 
out of the pale of the acrodont families. The parietals and vertebr:::e 
are distinct from anything known among the geccos. There is no re
semblance in essentials to the .Amphisbmnia, so that we must look for 
its place among the numerous pleurodont families. Here the absence 
of the knowledge of the periotic bones and sternum somewhat em
barrasses us ; but other indications are clear. The cf>incidence of the 
want of parietal fontanelle with the lateral frontal plates refers us at · 
once to the Leptoglossa or Diploglossa ; a reference confirmed by the 
simple frontal and strong cranial arches. The massive form of the sur
angular bone, and reduction of the angular, at once distinguishes Pelto
saurus from any known family of the tribe Leptoglossa, and constitutes 
a point of near resemblance to the Gerrhonotidm. · This appears to be a 
real affinity, which is further confirmed by the prese11ce of a symmetri-
. cal dermal scutellation on the top o_f the head. . 

Referring Peltosaurus, therefore, provisionally to the Gerrhonotidm, it 
* See the author's Osteological Characters of the Scaled Reptiles, in Proceedings Aca-

demy Philadelphia, 1864, p. 224. . . 
t What I originally thought was such is a foramen-like sinus in the posterior margin 

of the parietal. ' · 
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remains to consider the generic characters. The temporal fossa was 
not roofed over by true bone, though the border of the postfrontal 
encroaches on it; and it is rather small. The orbits, on the other band, 
are large, and the malar bone forms a segment of a circle. The parietal 
thins out behind, and its posterior border has a subround excavation. 
The two median dermal scuta, which left their impressions on the parie
tal bone, represent the interparietal and postinterparietal plates re
spectively; the latter especially characteristic of the Gerrhonotidm, and 
not found in leptogloss or diplog'loss families generally; those possess
ing it being the Lacertidm in the former, and Anguidce in the 1att.er. 
The most prominent character which distinguishes this genus from 
Gerrhonotus is the existence of the osseous scuta which covered the 
body. Even the form of these is similar to the corresponding dermal 
scuta of the existing genus. 

PELTOSAURUS GRANULOSUS, Cope, Pal. Bull., No.l5, p. 5. 
Indicated by considerable portions of a skeleton, which I excavated 

from the .matrix. Parietal bone broad and flat, frontal little narrowed, . 
gently convex, both with finely granular upper surface. Scuta not 
keeled, finely granular. Number of teeth on premaxillary bone, 7; 
teeth on dentary, 10 in om.010. Surfaces of.dentary smooth. 

Measurements. 

Median widthof parietals .••••.....•••.....•.........••••.....••.•••••.... 
Median width of frontals .............................••••..•...•........... 
Length of mandibular ramus to cot.ylus ..................•••••............. 
Diameter of vertebral centrum, (transverse) ..... : ...•..•......•.........•.. 
Length of vertebral centrum .....••.•...••........•••••••••••••••.••••.... 

Size about that of the .American Heloderma. 

EXOSTINUS, Cope. 

Synopsis New Vert. Colorado, p. 16. 

M. 
0.0140 

.0080 

.0400 

.00:~0 

.0055 

Char. gen.__;,This form of lizard is represented principally by a nearly 
entire frontal bone. Close to it were found a zygomatic bone and a 
nearly complete dentary bone with the teeth. The former is in all 
respects appropriate to the frontal bone, and the size of the dentary bears 
the usual relation of . size to the · same. Its dentition is appropriate to 
the affinities of this genus to Peltosaurus, Cope. 

The frontal bone is T~uch narrowed between the orbits, as in recent 
leptogloss Pleurodont~, while the olfactory lobes were almost as com
pletely underarched a~ in the thecagloss-type. The stout, w~ll-developed 
zygomatic, with malar1process, resembles the former group, and the teeth 
have a sim!lar. strnctiure. These ar~ closely pla"ced, truly p~eurodont 
and subcylmdrw. Tne crowns are simple, compressed, and with a con
vex edge. They are similar in form throughout the dentary bone. 
Cranial bones covered with symmetrical osseous prominences. 

These details; so far as they go, resemble those of Peltosaurus, and 
Exostinus is doubtless to be referred to the same natural tribe of lizards, 
the Diploglossa. The rugosities of the cranium indicate its greater 
resemblanc~ t.o Heloderma than to Gerrhonotus, but the teeth 'are much 
more_ like those of the former genus than the latter. This genus and 
Peltosaur:us constitute our first definite knowledge of the extinct forms 
of Diploglossa. 

33 G S 
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EXOSTINUS SERRATUS, Cope, loc. cit • 
. Char. specif.-A series of tubercles along each supra-orbital border, 

longitudinal at the front, quadrate at the back part of the eyebrow. ·· A 
single series of tubercles separates them. Five tubercles in a trans
verse row at the posterior margin of the frontal. Two series of flat 
tubercles on the zygomatic bone. Dentary quite convex on outer face; 
inner face slightly convex; 8 teeth in om.0050. 

Measurements. 
M. 

Length of frontal, (nearly complete) ........•••••••••..••••.••• ~............ 0.0070 
Width of frontal posteriorly . . . . . . . . .. • ..• • .. . .. .. .. ...... .•• • •• ...... .... . .00:34 
Width of frontal at post-orbital point...................................... .0045 
Width of frontal between orbits ...................................... ~----· .0018 
Length of zygomatic . . . . . . . . . . • • • • • • . . . . . . • . . . • • . • • . . . • . . . • • • • • . • • • • • • • . . • .0070 
Depth of dentary at last tooth ...................... ~... .. .. .. .. .. • .. . .. . . . .0030 
Length of a mandibular tooth ...... ...... .... ...... .... ... ... .... .... ..... .0018 

About the size of the common eastern seine, (Eumeces fasciatus.) 

A.CIPRION, Cope. 

Synopsis Vert. Colorado, p. 17. 

Char. gen.-Represented by a dentary bone, with nearly all of the 
teeth remaining. A groove, apparently the Meckelian, extends along 
the inferior border of the distal half of the bone. The teeth are truly 
:pleurodont, closely placed, and cylindric, with compressed crowns. The 
latter supports a large median and two Small lateral cusps, three in all. 

ACIPRlON FORMOSUM, Cope, loc. cit. 
Char. specit:-The crowns project well above the alveolar border. 

External face of dentary smooth, with rather distant foramina. Ten 
and a half teeth in om.0050. 

Measurements. 
M. 

Depth of dentary at middle................................................ 0.0022 
Length of a median tooth.................................................. .0018 
Elevation of same above alveolus ........................ ~. • .. .. • . • • • • • • • . .. .0010 

This species is about the size of our Cnemidophori. From all the 
genera oi this group, Aciprion differs in the uniform character of th~ 
teeth, there being no simple teeth in the front of the series so far as 
:preserved. A jaw-fragment probably represents a second species of this 
genus. · 

DIACIUM, Cope. 

Synopsis Vert. Colorado, p. 17. 

Established on the sacral vertebra of a large lizard, which presents 
~uch peculiarities as to indicate that its affinities are remote from those 
.above described. 

The diapophysis is subcylindric and elongate. Centrum concave be
low; neural arch flat above. Articulation without zygosphene or rudi
ment. of it; zygapophyses oblique, the arch deeply excavated between 
the anterior ones. Obliquity of ball inferiorly. 

DI.A.CIUM QUINQUEPED.A.LE, Oope. 
Char. spe<Yif.-Two hypapophysial tubercles below the ball. Centra 

:slightly depressed, the cup excavated above and below. An angula-
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tion extends backward from each anterior zygapophysis; the ·neural 
arch between them flat on the anterior half. 

Measurements. 

Length of ·cent,rum below ••••••.•••••.•.••.•.••.••••.•.••••..•••.• .•••.•.••••.. 
Diameter of articular cup, 5 tran~verse · · · · · · · • • · · · · · • · · · • • •• • • • •• · •· · • · · · • · t v-ert1cal ..••.........•.••.•..••.......••....... 
Diameter of base of diapophysis .••••. -~---· .....•.......••.••.•.•.••....•.. 
Width between anterior zygapophyses ................ ···- ..••.•••...•..••...• 
:Vidth of upper plane of neural arch ••.. · .•••.•..•.......•..•..•••..••.•..•• -. 

M. 
0.0100 

.0086 

.006·1 

.0044 
.0093 
.0078 

This species is as large _as any of the existing species of V aranidre. 

OREMASTOSAURUS, Cope. 

Synopsis Vert. Colorado, 1873, p. 18. 

Established on vertebrffi which differ from those of Peltosaurus in the 
absence of t.he sharp ridges which connect the anterior zygapophyses 
with the posterior in the dorsal vertebrffi. They are better developed 
in the cervical region. The species of this genus which are known are 
ntermediate in size between those of Peltosaurus on the one hand and 
Exostinus and Aciprion on the other. 

Dorsal verteb:tffi without zygosphene. · 
The neural a-rch is capacious in the cervical region, and each neurapo

physis is excavated below the posterior zygapophysis, and sending a 
ridge downward and backward round the centrum, continuing as a low 
shoulder on the inferior face. Diapophysis with a single narrow capit
ular articulation, extending obliquely downward and forward; that of 
the third vertebra smaller. Axis with an elevated neural arch, with 
obtuse, inferior carina. Odontoid a crescentic element, with a transverse 
groove on its anterior face. All the centra with an obtuse but promi
nent hypapophysial keel. 

CREMASTOSA URUS CARINI COLLIS, Cope, loc. cit., p. 18. 
BaH of sixth cervical vertebra round. Neural arches broad, each with 

a low, acute keel for spine, which is elevated on the third, and produced 
roof-shaped backward and forward on the axis. The costal articula
tions are not produced below the centrum. 

Measurements. 

Length of cervical vertebrre II to VI .•••••••••••••••••••••• , •• ,. •••••••••••• 
Length of axis ..••••..••••...•...•..••.••••.••••...••••.••••.••.• - •••• ---. 
Elevation of axis behind ...•...•••••...•..••••••.••..•.•.•..•••..•••••••... 
Diameter of odontoid, (in front) ..... ~ .••..•.••.••••.• ~ ••..••••••••••••••••. 
Length of c. VI ..••••.•••..••••••.•••.•..••••••.•....•.••••• • •••.••••..•... 
Diameter of ball of same .•.•.•.•••••.•......•••....•...•••.••••••.•••.••••. 
Total elevation of same .•••••••••.••••....•...•. · •••••••••.•••••.•••.••••••• 

M. 
0.0140 

.0038 

.0047 

.0034 

.0029 
.OOll 
.0030 

The dorsal vertebrffi, wpich are appropriately associated with the cer
vicals, have transversely-oval articular faces, and centra without infe
rior keel or ridge. The vertebrffi are all dorsal, hence the diapophyses 
have the usual form in the order for costal articulation, and do not pro
ject as far inferiorly as the plane of the lower face of the centrum. It 
does not project beyond the anterior zygapophysis, and the lower half is 
especially developed as the costal cond,yle. Neura1. spine a ktel extending 
from the front of the arch and rising into a short apex above the articu-
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lar ball. There is a collar round the ball, which is faintlyvisible on the 
inferior side. • 

0 

Measurements. 

Length of centrum .•••••.••••..•••.•••••.•••••.•••••.••••••••••• ··---· •••• 
Width of cup ........••••.•.......••...•••..•.••....••..••..•••••.....•••. 
Depth of cup ............................................................. . 
Elevation of neural arch anteriorly ...••..•••...••••..•••••......• - ••.•• - ••. 
Elevation of neural spine and arch posteriorly .•.•....•.•....••.••••.•..•.•• 
Total expanse in front .••••••..•.••••.••••••...•.•..••••••.•.•••••••••••.•. 

The dorsals represent several individuals. 

Mo 
0.0040 

.0018 

.0010 

.OJH5 

.0043 

.0047 

CREM.A.STOSA.URUS UNIPEDALIS, Cope; · Diacium unipedale, Cope, Syn-
op. Vert. Col., p. 18. · 
Represented by a sacral vertebra of an individual smaller than any of / 

those of the lastodescri bed species, and characterized by the 0 unusual 
0 

protuberance of the articular ball and absence of flattening of the cen
trum below. Centrum depressed; plane longitudinally convex in trans
verse .section. An annular groove round the ball. Diapophysis elon
gate, slightly depressed. 

lJf.easu,rements. 

Length of centrum .••..•••..•..••••.•••••.•.•••••••••..•••••.•••••••..•••• 
Diameter of cup, 5 tran~verse · • · • • · · · · · · · · · · · · • • · · · • • · · • • · · · • • .,.. · • • · • · • ·- • • 

~vertical .••..•.•....••••••.•.•.••...••••.••••••••••. .••... 

PLATYRHACHIS, Cope. 

Synopsis Vert. Colorado, p. 19. 

M. 
000034 

.0020 

.0018 

Oha1·. gen.-Dorsal vertebroo united by the zygosphene, as well as the 
usual articulation. Centrum much depressed, fiat below:. Neural arch 
depressed, an angle connecting the zygapophyses. Neural spine a keel, 
projecting beyond the posterior margin in a mucro. 

PL.A.TYRH.A.CHIS COLORADOENSIS, Cope, loc. cit., p. 19. 
Ghar. spevlf.-Ba.U truncate below its convex face, looking slightly 

upward. · Costal capitular surface ~emiglobular directly below the an
terior zygapophysis. Neural arch concave between zygapophyses. 

Mea-surements. 
Mo 

Length of three dorsal vertebrre...... . . . • • . . • • • . • • • • • . • • • • • • • • • • • • • • . • • • • • • 0.0070 
Length of one dorsal vertebra ....•..•...•••..•.•.•...•..••••.•• _.. • • • • . . • . • .0028 
Diameter of ball, 5 tran~verse . • • • • • . . • • • • . • • • • . . • • • . . . . • • • . . . • • • . • • • • • • . • . • ' .0014 

~ vertical ..••••.•• _ •••...•• 0 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .0006 
Elevation of vertebra.... . . . . . . . . . • . . . . . . . . . • . . . . • • • . . . . • • . . • • • • • • • • • . . • • • • .0019 
Width between zygap<?physis .... ..•••. .••• ...•.. .... .•.••• .••••. .••••• .... .0025 

The size of this species is similar to .that of the two specie~ already 
· described from teeth; but the vertebral articulation is not appropriate 
to Exostinus with existing lights. 

OPHIDIA. 

NEURODROMICUS, Cope. 

Synopsis Vert. Colorado, p. 15. 

Ghar. gen.LCentru~ small, with a prominent truncate hypapophysis. 
Neural arch capacious, the zygantrum wider than the articular cup. 
Neurapophyses bounding the canal laterally below the zygosphene; its 
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border not angulate behind. Pnrapophysis projecting acutely below 
centrum. An elevated neural spine. · 

.NEURODROMICUS DORSALIS, Cope, loc. cit. 
Char. specif.-Articular surfaces of centrum round; the ball with a 

slightly upward-looking obliquity. Hypapophysis continued to cup as a 
prominent carina. A ridge connecting zygapophyses. Neural spine 
extending its base forward, so as to stand on the entire length of the 
neural arch. · 

Measurements. 
M. 

Length of centrum _______ ............ _.. . . . . • . . . • • • • • . • • • • • . . . . . . . . . • . . • . . . 0.0045 
Diameter of cup, 5 vertical: ............................................. __ .. .0020 

. { transverse . _ ... _ .... _ ................ _ ...... _ ...... _..... .0021 
Elevation of neural spine above centrum __ ....................... . . .. . . .. . . . . .0055 
Elevation of neural spine a,bove neural arch ........... _ .............. ___ ... .00'29 
Length of hypapophysis below centrum..................................... .001~ 
Width of hypapophysis...... .... .... .......... .... ....... ...• .... ........ .... .OOLl 

The zygantrum is capacious, and the whole neural arch open and 
light. The species was about the size of the black snake, (Bascanium 
constrictor.) 

CALAMAGRAS, Oope, loc. cit. 
Char. gen.-An obtuse hypapophysial keel most prominent posteriorly. 

No ridge from the zygosphene; that from the parapophysis wanting or 
rudimental. Neural spine posterior, short, and obtuse. Neural arch 
not produced posteriorly; zygosphene wider than articular cup. Artic
ular surfaces moderately oblique. A concavity separating the articular 
surfaces of the diapophysis and parapophysis. 

This genus differs from Boa·vus, as described by Marsh, in the absenc~ 
of ridges and concavity of parapophysis. 

0ALAMAGRAS MURIVORUS, Cope, loc. cit., p. 15. 
Ghar. specij:-Articular surfaces a broad t.ransverse ellipse. Bypapo

physis terminating in an appressed point. No inferior lateral ridge on 
centrum ; a trace of one on the posterior part of neural arch. 

Measurements. 
M. 

Length of centrum .•.••• -~-- .•.••.•••••.........••...•.•....•....... · ....... 0.0030 
Width of ball ...............•••..•.•..........•.......... ·----·............ .0017 
Depth of ball ..................................................... --- · ...... .00 <3 
Width between parapophyses ....................... . ........ -....... - . .. . . . .OO:J:3 
Depth of entire vertebra ................................................. -. .0040 

Represented by six consecutive vertebrre. Size that of the water
snake, ( Tropidonotus sipedon.) 

0ALAMAGRAS TRUXALIS, Cope, loc. cit., p. 15. 
Smaller. Articular surfaces more oblique. Neither centrum nor arch 

with ridges; bypopophysis low, without apical point. Parapophysial 
surface very short vertically. 

Measurements. 
I . 

Length of centrum .........••..........••..........••..•......•............ 
'Vidth of ball ...............................•.•........ -· · · ........••.....• 
Depth of ball . -....... - ............ ---- ......••.•............ -- . - . - . - -. - .. . 
Widt.h between para.pophyses . . . • . . . • . .. . .. . . • • • ............. -...... - .... .. 
Depth of entire vertebra .................................................. .. 

Size of the garter-snake; four vertebrre preserved. 

M. 
0.0027 

.OOlG 
·.0011 
.0020 
.0034 
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0ALAMAGR.A.S ANGULATUS, Cope, loc. cit., p. 16. 
l'he largest species, distinguished by the presence of a low ridge on 

the. centrum from the parapophysis to the middle of the centrum. Neu
ral spine on the posterior half of the neural arch short, truncate. Hy
papophysis short, ending iu au obtuse point. Parapophysis larger than 
in other species, nearly equal to the diapophysis. 

Measurements. 

Length of centrum .....•.......•.••••••••..•••.••.••••.••••••••••••• · •••• ---· 
D. iameter of ball, 5 tran~verse · · · · · · · • • • • · · • • • • · • • · • • • · · • • • · • • • • • • • · • ~ · · · · • • · 

{ vertical .......•.••••..•••••...•....•••....••..••...••••• 
ViTidth between parapophyses .............................. ---- ...... ---- • •• 
Depth of en tire vertebra~ . . . • • . . . • • • .. . . . . • ....................... ~ .. - . --- • 

APHELOPHIS, Cope, loc. cit., p. 16. 

M. 
0.0030 

.0017 

.0016 

.0024 

.0045 

Char. gen.-Similar to the preceding in the ahsenceofacuminate diapo
physial process, the z_vgosphene exceeding the articular extremity in 
width, and the simplicity of the posterior border of the neural arch. 
There are no longitudinal ridges, the hypapophysis being entirely want
ing. The articular faces of the parapophysis and diapophysis continu
ous witbout intervening concavity. 

APHELOPHIS TALPIVORUS; Uope, loc. cit., p. 16. 
Char. specif.-Vertebrre short and wide; the neural spine stouter and 

more obtuse than in any other species here described, occupyillg less 
than half the neural arch with its basis. Zygosphene wide, depressed, 
with 11earlJT straight posterior margin, not sending any ridge backward 
from th~ posterior face. Articular faces of centrum a deprel'lsed oyal; 
ball looking upward, its axis makiug 450 with that of the centrum. 
Parapophj·sis not projecting below centrum. 

Measurements. 
M. 

Length of centrum.... . . . . • . . • • • . . . • • • • . . • . • . . . . . • • . . . . • • . • • • • • • • • • . . • • • • • • 0.0026 
D .. iameter of cups, 5 t.ran~verse ·•···· ···--· ·•••·· ............ ---- ··---- ---- · -;0018 

{ vertical ..••..•..••• , .•. .••••............•.•••.•.•. -... .0012 
W idth between parapophyses... ... . . . •. . .. . . . . . . . .. . .. . .•. . .... ...... ... ••. .0017 
Depth of entire vertebra . . .. . .. ... . . . . . . .. . . . . . . • . • . • ... . . . .••••. ••. • • . . .•. .0034 · 
"\Viclth of zygosphene ........................... : •................. ·• .. • . . • . • .00;!0 

Represented by three vertebrre of an individual about the size of 0. 
truxalis. 

CBAPT ER V. 

THE LOUP FORK EPOCH· 
In the Pliocene strata already described, mammalian remains are 

exceedingly abundant over limited areas; those of horses in an especial 
manner. Those obtained are as follows: 

Species, 

Oarni vora ............................•.. . ..•..... . ••..•... y •• 

Perissodactyla .. ~ .•.................................•........ - • 
Artiodact.y I a ...................... ...•. · ....................... . 
Pro l>oscidia . . . . . . . . . • . . . . . . . . • . . . . •••........•....•.......... . 
Testudinata .............. . .................................. ~ ... . 

4 
8 
7 
1 
1 

Total. . . . . . .. • . . • . . . . . . • • . . . • . • • • •. • . • • • . • . .. • • .. . • • . • • • • . • .. 21 
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The most important paleontological results are, (1) the discovery that 
the camels of this period possessed a full series of upper incisor-teeth; 
(2) that the horses of the genus Protohippus are, like those of Hippothe
rium, three- toed ; (3) that a Mastodon of the M. ohioticus type existed 
during the same period. 

List of species. 

CARNIVORA. 

CANIS, sp. incerta. 
CANIS, Linn. 

Represented by a portion of the left ramus of the mandible, which con
tains alveoli for, and portions of, I., 3 ; C., 1 ; and P. m., 4. The incisors 
are closely crowded by the huge canines, which have larger proportions 
than dogs generally, resembling more those of the bears, or large feline 
carnivora. The first premolar is one-rooted, and separated by a long 
diastema from the canine. The second premolar is two-rooted, and 
separated from the first by a short diastema. The third is also separat
ed by a diastema from the second, which exceeds that in front of the 
latter. The fourth follows the third immediately. The mental foramina 
are two, one large, below the first premolar, the other smaller, but lit
tle below the alveolar margin, opposite the posterior margin of the sec
ond premolar. 

J..lleasurements. 
M. 

Len~h of fra,gment ......•.•.•.•...................•....••••••....•... ~... 0.175 
Len~h from incisors toP. m. 4...... ...... ...... .... .... ...... ......... ...• .095 
Length of basis of P.m. 3...... ...... ...... ...... ...... ...... ...... ....... .017 
Length of basis of P.m. 2 ..................... __ ... .. .... ..... ........ .... .OU 
VO'tical diameter of canine at basis........................................ .029 
Letgth of symphysis............................................ ...... .... .073 
De}th of ramus at P.m. 2...... .... .... .... .... ...••• .•.. ...... .. .... ...... ·.047 

'llis large species is about as large as the Canis haydenii of Leidy, and 
rna~ be identical with it. It is characterized, among dogs, by the weak
nest of its premolars as much as by the strength of its canines. 

CANs s~vus, Leidy, An c. Fauna Neb., p. 28. 

TOM RCTUS, Cope. 

Paleontolog cal Bulletin, No. 14, p. 1. 

EStblished on a mandibula ramus, supporting a perfect carnassial 
toothtnd fangs of the followi g dentition: C., 1 ; M., 4; the last incom
plete hence the number of po terior teeth unknown. The ramus is much 
IiarrO'ed in front. The carna sial has an inner tubercle within and be
hind ~e median lobe, and a h rge posterior heel supporting both inner 
and oter tubercles. The sue eeding tooth was wide. 

Thi:genus i8 apparently one of the Canidce. The carnassial tooth is 
identitl with that of the genus Canis, but the existence of only two 
premo,rs in advance of it is a feline rather than canine character. 
The ja diminishes rapidly in size anteriorly, and the fragment contains 
part ofthe fang of a large canine tooth, whose crown, like that of the 
two smeeding teeth, is broken off. The form was eYidently a short
faced ·pe of dog, concerning which additional information will be 
looked >r with interest. 
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ToMARC'l'US BREVIROS'l'RIS, Cope, Pal. Bull., No. 16, p. 2. 
Second premolar two-rooted. Anterior half of the carnassial with the 

usual sectorial structure; the anterior lobe the smaller. The inner 
tubercle bout the same height. The heel constitutes one-third the 
length of the tooth, and its lateral tubercles are angular; the posterior 
low. Enamel slightly rugose. 

Measurements. 
M. 

Length of first three molars_.. . . . . • . . . . . . . . .. . . . . .. .. .. . .. .. . • • • • • • . . . . . . . . . . 0.041 
Length of third molar, (carnassial) _..... . .. . . . • • • . . . . . . . . . . • . . . . .. • • .. . . • . . . . .0~3 
Elevation of third molar, (carnassial).... . . . . . • . . . • .. . . . . . . . . . . . . . . . . . . • . . . . . . .014 
Width of third molar at middle .................................. -~--- .... .. . .009 
Length of heel of third molar . . . • . . . . . • . . . • . . . . .. . . . . • . . . . . . .. . . . . . . . . . . . • . . . .007 
Depth of ramus at third molar................................................. .021 

In the abbreviation of the dental series in front, this species resem 

MARTES, Ouv. 

MARTES MUSTELINUS, Cope, Pal. Bull.,* No. 14. (AlJlurodon.) 
A small, single-rooted, second molar of the lower jaw. First molar 

sectorial, with a rather parrow posterior heel, one-third its length, and 
a small inner tubercle at the base of the second outer cusp. Last pre
molar with a short posterior heel, and distinct outer tubercle on the 
posterior side of the cusp. Margin of jaw strongly everted below mas
seteric fossa. 

Measurements. 
. ' M. 

Length of three last molars .. .. . . . . . . • . . • . . . . . . . . . . .. .. . • . • • • .. .. .. .. . . . . . . .. ).018 
Length of sectorial molars _..... . .. • • . . . . . • . . . . .. . . . . . . . • . . . . . . • . . . . . . . . . . . . • .010 
Width of sectorial molars, (greatest) . . . . . . . . . . . . . . . . . . • . . . . .. • . . . . . . . . . . . . . . . .W5 
Height of posterior cusp, (greatest) . . • . . . . . • . .. . ............................ ~ .105 

This species was about as large as . the domestic cat, and less tlan 
one-third that of .JElurodonferox, Leidy. 

PERISSODACTYLA. 

AOERATHERIU.M~, Kaup. 

ACERATHERIUM MEGALODUS, Cope, Pal. Bull., No. 14, p. 1. 
This large species and the A. crassus, Leidy, were very abundantdur

ing the Pliocene period in Western North America. Their remain are 
everywhere mingled with those of horses and camels. The former and 
probably the latter, are to be referred to a distinct section of ..5Je-ra
theriurn on account of the existence of but three premolar teeth i the 
mandibular series, and probably in the maxillary also. One of our peci
mens exhibits the missing superior premolar on one side. TheJuter 
incisor . below is a. large tusk, while the inner is small and cadcous, 
poiuts in which this genus resembles the genera above named, ad dif
fers from ·the African and tichorhine species, or genus Atelaus of 
Po mel. 

A posterior· upper molar represents the A. crassus in the origial col
lections described by Leidy . . A well-developed tubercle, whit rises 

*These publications may be procured at the Naturalist's agency, Salem, Ms., or of 
the writer. ' . 
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from the bottom of the valley between the inner extremities ·Of the 
cross-crests in the last and penultimate molars of A. rnegalod~ts, is 
wanting in the A. crassus; partly on this account I refer my second large 
Pliocene rhinoceros to the latter, represented by a perfect cranium, 
with dentition of both jaws nearly complete, with large portions of skull 
and dentition, with other bones, of other specimens. 

The nasal bones are not co-ossified, and but little convex. They are 
smooth and long and slender, indicating that this rhinoceros was with
out a horn.. The inion is anterior to the line of the occipital condyles, 
and is considerably elevated and bilobed. The temporal fossre ap~ 
proach each other, being separated by ·a narrow rib only. The ramu~ 
mandibuli is rather slender, and projects well in front of the line of the 
nasals. The dentition is I., t; C., %; P.m., :u~>; M., f. The usual anterior 
premolars are wanting in the lower jaw, and in the upper jaw in one 
specimen and on the right side of the other; hence I suspect -J to be 
the normal dentition of the species. As they are t in Rhinocet·us and 
Aceratheriurn, the present animal may be placed in another genus under 
the name of A.phelops. The middle incisors were caducous. The outer 
are very large and cylindric at base; the attrition of their inner faces 
would indicate an opposing pair, but these I did not find, and the pre
maxillary sutures of the maxillary are exceedingly slender. The first 
lower premolars are not very narrow. The transverse crests of the 
superior molars widen inwardly, but do not come into contact with each 
other. On the posterior margin·of the posterior is a deep notch, which . 
almost divides it across. There are no other lobes. The last molar is 
narrowed. These teeth are riotable for. their very large size as compared 
with that of the skull generally. In one specimen, P. m. 2 (the anterior) 
is 0.8 the second molar in transverse diameter; but in an older specimen 
it is less than half the same. 

Measurernents. 
M. 

Length of molar series . • . • . . • • • • • . . • • . . . . • • . . . . . • • . • • • • . . • . • . • • • • • . . . . . . . . . . 0.255 
Length of second molar, crown .............. _..... . . . . . .. .. . .. .. . • .. . .. • .. .. .050 
Width of second molar, crown........... . ................................... .050 
Width of second premolar, crown............................................ .033 
Length of second premolar .......................................... ~....... .032 
Length of first (second) lower premolar ....... ;.............................. .028 
Width of first (second) lower premolar....................................... .016 
Total length of cranium ................................ ~--· .... .... .. .... .. .560 
From inion to end-nasalR... .. .. .. .. .... .... .. .... .. .. .. . .... .... .... ........ .456 
From foramen magnum to inion...... . . . . .. .. .. .. .. .. . . • • .. . .. • • . .. .. . .. . .. • .138 
Width at orbits.. . . . . . . . . . . . . . . . .. . . . . . . . . . . . • . . . • • . . . . . . • . . • • . • • • • . • . . . . . • • . .173 
Depth of mandible at first molar .......................................... , . .070 

About the size of the Indian rhinoceros, but with much l_arger teeth. 

ACERATHERIUM CRASSUM, Leidy; Aphelops crassus, Cope, Bull. U.S. 
Geol. Surv., No. 1, 1874, p.12; Rhinoceros crassus, Leidy, Anc. :Fauna. 
Dak. and Neb., &c., p. 228. 
Leidy states that the formula of dentition of this species is identical 

with that of the Indian rhinoceros, and elsewhere that it is probably 
a true rhinoceros, as distinguished from Aceratheriurn. He does not ap
pear to have possessed material to verify these statements. 

An imperfect mandibular ramus, containing the last molar and alveoli 
of the four teeth whieh precede it, differs from the corresponding one of 
A. megalodus in the . greater thickness in proportion to the depth. It is 
absolutely both shallower and thicker than a corresponding ramus of 
the allied species, while the teeth are larger, the last three occupJing 
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exactly a space equal to that supporting the last four of A. megalodwr. 
The last molar is larger than the penultimate in .A.. erassum, (larger in 
A. megalodus,) and encroaches on the ba~e of the coronoid proces&; in 
all the jaws of A. megalodus, this tooth is considerably in advance of this 
process, which rises more abruptly than in it. This tooth is shown to 
be the last molar by the absence of any trace of alveolus or crown of a 
successional tooth behind it in the various jaws in question. In A. eras
sum, the coronoid process rises gradually from the front of the last molar. 

Measurements. 
.A.m~awdu. 

Length of last four molars ................................... -· .,. •....... :. . 0.160 
Length of last molar . . . . . . . .. • • . . • . .. • . . . .... • . . . . • • . • .... . • . • .. ... .. • .. • • .044 
Length of first true molar . . . . • . . . . . . . . . . . . . . . . . . . . • .. • . • • • • • . • • . . .036 · 
Width of first true molar............................................ 028 
Depth of ramus at M. 2 ...... . ........................... -·... • . . . . . .087 
Width of ramus atM. 2. ........ ..... .... ..... ...• ...•.. ....... .... .... .047 

A. cras8U8.. 
0.215 

.062 

.055 

.033 

.078 

.055 

The last molar is not quite protruded in the type specimen of A. eras
sum. 

Near to the ~pecimen just described, I found the left maxillary bone, 
with nasal, frontal, and other elements, of a rhinoceros, which differ in 
some respects from corresponding parts of A. megalodus. The rather 
larger teeth would coincide with the type of .A. crassum; but that the 
specimens belong to the same individual is not certain. It is charac
terized by the same increase in size posteriorly of the molars ; the M. 2 
exceeding that of the A. megalodus, while the P.m. 2 (the first) is consid
erably smaller. The latter measures less than half M. 2, while it is 0.8 
the diameter of the same in the A. megalodus. There is no rudiment of 
P. m. 1. Hence, this specimen displass fully the characters of the 
genus Aphelop8. The nasal bones are long, acuminate, straight., and not 
co-ossified. They are tectiform, and distally compressed, instead of 
flattened, as in two specimens. of the A. megalodus; they are also quite 
rugose at the ·extremity. These characters may be only sexual. 

HIPPOTHERIUM, Kaup. 

HIPP01'HERIUM SPECIOSUM, Leidy, Anc. Fauna Dak. and Neb., 282. 

HIPPOTHERIUM P .A.NIENSE, sp. nov. 
Indicated by molar teeth in the collection. Two of these have elongate

curved crowns; the longer is a left posterior, the more abraded a right 
median. The latter is characterized by the generally greater simplicity 
of the enamel-boundaries of the lakes, as compared with the same por
tions of H. speciosum, with which it agrees in size. The only plications 
to be observed are the usual opposite ones entering the lakes from the 
middle of their adjacent boundaries, and a slight one at the inner angle 
of the same border of the anterior lake. The inner crescents are united, 
the posterior retaining its width posteriorly, and giving off the posterior 
inner column from its anterior half. Both the internal columns are lon
gitudinally oval and rather small; the anterior well separated. The ad
jacent enamel-border gives off the usual projecting fold. Outline of crown 
nearly quadrate. 

A second molar, less worn, presents therefore a little greater com~ 
plexity of enamel-folds. Thus the anterior inner part of each lake is 
folded iuto a loop, and there is a second pair of opposite folds outside 
of the usual pair on the adjacent borders of the lakes. 

A third molar is much more worn than either of the preceding, so as 
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to throw the inner and median posterior areas together. The anterior 
median is well isolated and subround. There are no folds of the ename14 

plates wha~ever. 
~Measurements. 

M. 
Length of No.1 from roots .•.•.•••••..••••.•.••.•.•• ~ ......... ·.••••• • . . • . . . • • • 0.027 
Width of antero-posterior ...........••....••..... ·---------................. .019 
Width of extero-interior ...... ...... ...... .... •..• ..... ..... ...... .... ...... .020 
Length of No. 2 ..........•....•.•...... .., . . . . • . . • • • . . . . . . . . . • . • . . . . . . . . . . . . . . .032 
Width of antero-posterior ........ _ .................. ---- ........... --.-......... .021 
Width of extero-internal...... ...••• •••••. •.•• ...•.. .••••• ...... .•.••. •••••• .018 
Length of No. 3 . . . • • . ..•...•...•...• ____ ..•. _ ..••••..•••••. ~.. • • • • • • . • . . . . .018 
Width of u.ntero-posterior ... . .... ... • .... . .. . .... •••• ... . .. .. .. .. .. .. ... .. . . .021 
Width of extero-interior ... __ ......... _. _... .. .. • • .. .. • • .. .. .. . • • .. • . . .. . • . . .022 

From the neighborhood of the Pawnee Buttes, Colorado. 

PROTOHIPPUS, Leidy. 

PROTOHIPPUS LA.BROSUS, Cope. 
Having obtained a number of fragmentary and entire crania refer4 

able to species of the present genus, it becomes possible to correlate 
the ma.ndibular with the maxillary forms, dentition, &c., as it has not 
been possible to do heretofore. Of mandibles there are four types, 
which I refer to species as follows : 
Symphysis flat, shallow; no diastema between their inci~or and canine 

teeth.-P. labrosus. 
Symphysis narrower, deep; inferior molars smaller.-P. sejunctus. 
Symphysis narrow, deep, contracted, and smaller; lower molars 

larger.-P. perdit~ts. 
These comparisons are instituted on one mandible of the first ; two 

entire and three incomplete ones of the second; and two of the third 
types, all but two accompanied by superior molars or crania. The 
specimen of P. labrosus embraces the right maxillary bone, containing 
five molars ; a second specimen includes three superior molars of the 
left side; it is also represented by several isolated molars. 

Protohippus labrosus resembles the two species described by Leidy as 
Merychippus in the short crowns and long roots of the molar teeth, with 
thickened external ridges, separated by thin bauds of cementum. It 
therefore differs from Protohippus perditus and P. placidus, resembling 
the first named in size. It is exactly intermediate between the P. insignis 
and P. mirabilis in size, and to it is no doubt to be referred Dr. Leidy's 
No.4 of the latter.* Either there are three species of the present char
acter, or Dr. Leidy's and the present ·forms must be arranged under one 
appellation. I prefer retaining them as distinct for the present, since I 
have nearly identical measurements in six different individuals, and 
four of the P. perditus equally uniform in dimensions. The latter always 
slightly exceed those of the P. labrosus, and differ in the lon~er dental 
crowns, with subacute exterior ridges; typically, the internal columns 
are oval in section, but may occasionally be ~mbcylindric; they are 
cylindric in P. labrosus. The first specimen above mentioned I regard 
as typical, and describe it as follows : 

The first premolar is well developed ; in the first molar, the anterior 
lake is isolated from the inner fold. The anteri()r inner column is cylin
dric in all the teeth; the posterior similar, but joined with its crescent by 
attrition in most of them. The boundaries of the crescents are all sim· 
ple, except a tendency to the middle infolding of the adjacent borders 

*Ancient :Fauna of Dakota and Nebraska, p. 300, figured plate xvii, Figs. 8-9. -
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of the crescents. The teeth are but little curved, and the base of the 
crown, with termination of the broad longitudinal gutters, is visible, 
although the attrition of the teeth, especially of the inferior incisors, 
does not indicate advanced age. 

The mandible is distinguished by the length of the diastema and the · 
flatness and shallowness of the symphysis. The permanent molars are 
all present in the specimen, and are robust in form. Except in the first 
and last, they are characterized by the small development of the ante
rior crescent horn and posterior tubercle of the inner side of the crown. 
The born of antertor cre~cent of the first molar is well produced inward, 
broad, and simple ; the entire tooth is narrower than ·the other molars 
except the fifth and sixth. The latter is a little longer than the others, 
and possesses a posterior crescent smaller than the others. ~be canines 
issue from their alveoli very close to the third incisors ; the two pairs 
of first and second incisors are in a nearly transverse line, in consequence 
of the flatness of the symphysis. The median lake is half worn-out in 
the second incisors. 

Measurernents. 
M. 

I~engtb of four premolars and one molar __ ...••••••••• • • •• • ••• ••• • • • . . . • • • . . . 0.087 
Length of crown of first premolar. . . . . • . . . . . . . . . . . • . . • • • • . . . . • • . . • . . . . . • • • . . .008 
L ength of crown of second premolar ..••••..• _. . • . • • . . • • • • • . • • • • • . . . • . . . . . • . . .022 
Width of cro wn of second premolar.......................................... .019 

·L ength of crown of first molar······-···--------··-----------·······------·- .018 
Width of cro wn of first molar............................... . ............... .022 
H eight of crown of first molar .•...... _ .....••••..•.•.•. :. • • • . • . • . . . • . . . . . . . . .011 
Length of six inferior molars ................. ____ ...•.•..•. -----· ..••••..•.•• . . 113 
Length of first inferior molar................................................ .020 
Width of first inferior molar, (medially) .... -------- ...••. ·----·.............. .009 
L ength of second inferior molar .. _. ____ . . . . . . . . . . • • • • . • • . • • . . • • . . . . . . . . . . • • • . .019 
Width of second inferior molar ..... . .. ------·--------------- .... ·-----...... .012 
Width of symphyseal trough, (least) ...... ---- ........................ -·-----· .015 
Depth in front of fomrnen mentale .. _. _. .•••.... •. .• •• .. .• • . • . . • . • . . ••. • .• ••• . .016 
Expanse of two middle pairs of incisors • • . • . • • • • • . • . • . . . . . • . . . . . • • • • . • . . • • • . • .041 

About the size of the ass. 
This species is readily distinguished from the. more common P. per

ditus by the peculiar form of t.he symphysis, more simple molar teeth, 
with shorter crowns, and the constantly smaller size ; four mandibular 
teeth of the latter occupying the same space as five mandibnlars in the . 
P. labrosus. The first premolars are also larger and two-rooted, thqse 
of P. perditus in three specimens before me and of P. sej'unctus in one 
example being but one-rooted. 
PROTO HIPPUS SE.JUNc·rus, Cope, Bull. U. S. Geol. Surv., No. 1, 187 4, 15. 

Represented in m.v collections .by a nearly complete skeleton, with 
cranium and entire dentition; both mandibular rami and symphysis of 
a second ; mandibles and dentition of two others, with appropriate 
molar teeth. · 

The Ekeleton, which I excavated with my own hands from the side of 
a blufi~ adds com;;iderably to our knowledge of this genus of horses. 
The side of the cranium displays a considerable depression in front of 
the orbit, which, though not so deeply impressed as described by Dr. 
Leidy in the known species, will refer this animal to the group regarded 
by him as a genus under the name of Merychippus. That the latter is 
distinct as a genus may be questioned, and I shall · follow Dr. Leidy's 
later conclusion in uniting them.* 

The strncture of the feet in this ·gpnus, as indicated by the specimens 
of the present species, and of the Protohippus placidus, proves to be 
identical with that of Hippotheriu,rn, i.e., tridactyle; the lateral toes of 

*See Report on Geological Survey of the Terrs., vol. i, p. 322. 
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reduced proportions. This is important as distinguishing the . genus 
trenchantly from Equus; and while the union of the inner columns of 
the superior molars distinguishes it from Hippotherium, a form of P. 
perditus is described below, in which the columns are more distinct than 
in individuals heretofore known. 

The P. sejunctus is identical in measurements with the P. labrosus, 
and agrees with it in the simplicity of the enamel boundaries. · It is also 
a short-crowned type, but the character is not so marked as in the latter. 
It differs strikingly in the deep and convex symphysis, and, in the only · 
specimen in which its alveolar border is preserved, in the hiatus sepa
rating the inferior canine from the incisors. It exhibits also the small 
and one-rooted first premolar of the P. perditus. 

The adjacent horns of the lakes of the molars are more produced out
wardly thari the remote ones; and the enamel borders have no plications. 
The sections of the inner columns are oval posteriorly and subround 
anteriorly. The wearing of the last molars indicates the full maturity 
of the animal; the canines are separated by a considerable interval 
from the third incisors. The inferior molars are similar in general to 
those of P. la.brosus; in three individuals, the last lobe of the last molar 
is a cylindroid instead of a trough-shaped column. 

The cranium in general form partakes of the shorter and more ele
vated outline seen in all the three-toed horses. The free part of the 
nasal bon.es and the diastema behind the canines are short. 'fhe outline 
of the -vertex, from the nose to the sagittal crest, is quite plain, while 
the posterior part of the nasal bones, &c., is much narrowed by the 
large facial depression at the sides. This occupies the space between 
the nasal bones and the malar ridge above and below, and is bounded 
behind by· the anterior border of the orbit; in front it is open, but its 
depression follows beJow the nasal bones .,o the diastema. "rhile its 
area is strongl~7 impressed, especially superiorly and inferiorly, it is not 
nearly so much so as indicated by Leidy in P. insignis and P. mirabilis, 
but more marked than in his figure of P. perdUus. My specimens of 
the latter are not well preserved in the region in question. 

The infraorbital foramen issues abo-ve the anterior border of the first 
true ·molar and the malar ridge abo-ve its posterior portion. The orbit 
is closed behind, and the ~agittal crest is but an angle, and originates 
abo-ve the glenoid cavity. The inion is narrowed above, and projects 
backward over the upper edge of the foramen magnum; posteriorly, 
the occipital presents a pair of vertical foss::e, separated by a low ridge. 
Its external crest is not continued to that of the squamosal part of the 
zygoma. The meatus auditorius is quite small, as is also the mastoid 
tuberosity. The paramastoid is large and stout. 

Measurements of cranium. 

From occipital condyle to incisor-teeth.---"·----·-----·---- •••••. -----· .•.••• 
From occi pi t.al condyle to last upper molar_ ..•.. ___ • ___ .. _. __ •••.. ___ .. _ . __ . _ 
From occipital condyle t<? fundus of palatal notch .•.••..••••..••• ---------- __ 
Length of entire molar series.·----··----·----··----··-----··-·--· ...•.. ---·-
Length of crown of first premolar.~ ..... _. _. _ ....... _ ••. __ . ___ . ____ . ____ ...• 
Length of crown of second premolar·----------· •.•. ------ .•.. ·-----·-·--· •. 
Width of crown of second premolar·---------------·----·----··----·--·----_ 
Length of crown of first trne molar _ .• _. _ .. ___ . __ .. _. _ .•••.. _ •• _ .. _. _ •. __ . _ . 
Width of crown of .first true molar ...... ----·----· •••••• ··---·----·----·----
Height of crown of first true molar ...••• -----·----···----· .•.••. --·-·----·--

~~~:~~ ~i!' ~;:!t~1~f-~~~i~;::::~:::~::::: ::::::~::::::::::::::: :::::: :~:::: :: 
vVidth of arc of incisors --·· ·----· ---· -----· ---- --~--- ---- ---· ---- ·----· ·--· 
Length from first incisor to first premolar. _____ -----· •••• -----·----·--------· 
Length from first incisor to nasal notch, (oblique) .•••••••. _ ••••.•••••. -- _-- •• 

M. 
0.330 

.140 

.165 

.124 

.011 

.025 

.018 
.017 
.020 
.013 
.027 
.015 
.050 
.069 
.080 
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M. 
· Length from first incisor to orbit.................... . ....................... 0.198 

Diameter of orbit ..........•••..••••.........•••.•••...•.•.•.••..••••• ----~- .045 
Width of nasals at notch................................................... .031 
Width of front at middle orbit ......•••.........••••...•••.• ·•••••.•••....••. .076 
Width of zygomata posteriorly ......••••......••.....••.•..•••..••••. --·-·· .132 
Width between meatus...... . . . . • . . . • • . • • • . . . . . . • • • • • . . . . • • . . • . •• • • • . • . . • . . . .088 
Width between middle molars............................................... .038 
Width of occipital foramen and condyles................................... .054 
Length of mandibular ramus ..•.......... _. __ .....•..•••••.• ·...•...•••....... .270 
Length from end-incisors to last molar ......•••.........•• --. . • . . . • • • • • . . . . • . .190 
Length from end-incisors to first molar ........•••.....•.......••.•••••• ~ . . . • .077 
Length from end-incisors to canine, (axial)................................... .025 
Depth of symphysis in front of foramen mentale • .•••• . •••••• ~ •••••••••••• ~ • • • • · .028 
Depth of ramus at first premolar............ . . . . .• . . • . • . . • • ••• . . • •• • . . . •. . . . .043 
Depth of ramus at sixth premolar.................. .• • • •• . . • •• . . . ••••..•••... .063 

The skeleton is noteworthy for the disproportionately large size of the 
cervical, as compared with the dorsal vertebrre. The large size of the 
head, compared with the rest of the animal, was supplemented by the 
length and slenderness of the limbs, which considerably exceeded the 
proportions they bear in the existing horse. The lumbar vertebrre are 
slightly opisthocrelia.n, the dorsals strongly so. The cervicals are. large 
and moderately elongate; the size results from the great development 
of the processes, since the centra do not materially exceed those of the 
lumbars. The atlas is not much expanded, and has a well-marked tu
berculum atlantis and very low neural keel. 

The limbs are slender and the hoofs small. The humerus is more 
curved than in the horse, and has a strong tubercular deltoid crest. 
The proximal tuberosities are very different from those of the horse. 
The external is largely developed, but is not produced into 'a hook nor 
extended into a longitudinal crest. The inner bicipital tuberosity is a 
little more prominent, and curves hook-like outward, inclosing with the 
outer a deep notch. It is continued at right angles along the inner 
aspect of the head into a straight crest; their angle of union is pro
longed downward as the deltoid crest. The outer tuberosity in the 
horse is double, and, while not hooked as in Rhinocerus, is .a little 
more prominent than in the present species; the inner is not hooked as 
in the P. sejunctus. There is an ala on .the inner side of the distal end 
of the humerus, and a supracondylar foramen, both of which are want
ing in the horse. 

The radius differs from that of the horse in being considerably longer 
than the humerus instead of a little shorter. It is gently curved and 
flattened, with the transverse ends about equally wide. The ulna is 
co-ossified with it throughout the length, excepting a ·small portion 
beyond the humeral cotylus, as in the horse. 

The femur is stout, with the lesser trochanteric ridge well developed. 
The trochlea is wide, with subequally elevated bounding ridges. The 
tibia is considerably longer than the femur, and presents a long and 
prominent cnemial crest. The shaft is transverse, with external edge 
and inner plane narrower than the anterior. The trochlea is very 
oblique, the astragaline grooves well defined by the internal and ex-
ternal tuberosities. :b..,ibula not preserved. · 

The right posterior foot, among others, is perfectly preserved. It is, 
like the radius and forefoot and the tibia, distinguished for its elonga
tion and slender proportions, as compared with the horse. The astraga
lus differs from that of the horse in having the cuboid facet on a more 
pronounced neck, and in the narrowness of the trochlea. The navicu
lar facet is subpent,agonal and without emargination. The cuboid is 
·largely extended posteriorly, where it bears a large tuberosity. The 
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naviculare is shallow and concave proximally. The ectocuneijorme is of 
similar length; behind it a well-developed rnzesocuneiforme, which sup
ports the internal metatarsal. The external metatarsals are situated 
behind the median, except for an inch at their distal extremities. Their 
articularsurfacesa.re compressed, and present an obtuse trochlear angle, 
but no keel; they reach to the base of the condyle of the median meta
tarsal behind. The latter is very convex above, slightly flattened be
low. The lateral digits only reach to the distal end of the first phalanx. 
The penultimate phalanx of each is much produced behind; the last 
or ungueal is much compressed, and is literally a half-hoof. The coro
net is half as long as the pastern, and the unguis or coffin-bone is 
acuminate in outline and elevated on the middle line. It is deeply fis
sured at the extremity, and the margin abounds in foramina. The nu
tritious foramina ofthe base are each in the apex of a triangular fossa, 
which is open posteriorly. This bone bas proportions not unlike those 
ascribed by Leidy to a specimen from the Niobrara, but is rather sma.Uer; 
but t,be foot to which it pertains measures but 10.5 inches, while that of 
P. sejunctus (without tarsals) is 11 inches in length. 

JHeasurements. 

Length of atlas, (extreme) ..•••••.••••...•.•..••...•.•••••.••.••••..•••••..•• 
Width of atlas medially below ........••...•....••••.••••...••••..•••...... 
Width of atlas in front of diapophyses .•••••..••••...•••..••••.•••••........ 
Length of odontoid process ............................................... . 
Length of three posterior dorsal vertebrre .................................. . 
Di:}-meter of articular face of centrum of vertebrre 5 tran~verse · · · · • · · · · · · · · · 

~ vertical. ............... . 
Length of humerus, (axial) ............................................... . 
Diameter of proximal end 5 antero-posterior ..•.••••••••.•..•••••••••••.••. 

l transverse ................................... . 
Diameter of condyles .•••...•.•.••..•••....•.•.......••....•••...••••...... 
Length of radius .•.•••.....••••........•..•.•...•.••........•••..•.•••.... 

~ 
proxirnally ...•••••.•.•••••••••••••••...•••• 

Transverse diameter of radius at middle ................................... . 
distally .......•...•.•...••...••.••........• 

~ 
proximally .•.••...••••••••.......... :. .. 

Antero-posterior diameter of radius medially .............................. . 
distally .....•.• -....................... . 

Diameter of femur5 shaft ...... ···••· .................................... · l condyles .••.••...• • __ •.•• _ ••.• __ •.•• __ ...... .. _. _. ____ _ 
Length oftibia ........................................................... . 
Length of foot, including tarsus ........................................... . 
Length of foot without tarsus .......... . .................................. . 
Outside length of calcaneum .............................................. . 
Depth of calcaneum behind ..••••..•••..•.••..•••...•.•.•..•.••..••...••••• 
Width in front ....•..•••••..•••..•.••..•••..••••••..••••.••••..••.••••...• 
Total length of astragalus .... . .................... . ....................... . 
Total width .......••......•.••..• _ ••.•...••.........••..•..•..••••• ~ ..... . 
Width oftlochlea of astragalus ............................................ . 
Width of navicular facet .................................................. . 
Depth of navicular facet ................................................. .. 
Width of cuboid facet ..•.•...•...••••..••........••...•••..••.•••••.••.... 
Width of cuboid bone fore and aft ........................ ; ................ . 
Length of cuboid bone .......•...•.•••..••••.......•••••.•••••.•• _ ••.•.••.. 
Length of internal metatarsus ............................................ . 
Transverse width of trochlea of median metatarsus ......................... . 
Length of pastern ........................................................ . 
·width of pastern proximally ...• ~ ......................................... . 
Length of coronet ...•...•.........•..••.....•...•••••.•.••.•••••.••.••.... 
Width proximally ..••..••••..••••...••..•.••.•.•••••.•••••••••••.•••.•..... 
Length of coffin ......................... -~---· ....••.•••••••••••...•...••.. 
Width of articular face . _ .... . ...... . ..•...•........••....•... . ........•... 
Width between angles ...••.•..•.•.•......•....•.............••.•••....••.. 
Elevation behind ...••••....••........•....••..•••••...••.•••••...••••.••••• 

M. 
0.061 
.035 
.060 
.023 
.076 
.021 
.015 
.192 
.065 
.055 
.044 
.229 
.045 
.026 
.03S 
.026 
.018 
.023 
.040 
.058 
.250 
.325 
.277 
.075 
.027 
.03~ 
.045 
.041 
.018 
.022 
.022 
.008 
.023 
.015 
.170 
.021 
.042 
.025 
.027 
.025 
.036 
.02J 
.o:~o 
.023 
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Remarks.-Professor Leidy bas already observed that the structure of 
the molars in this genus is in type the same as that of the deciduous 
molars of Equus, and that hence Protohippus represents the more primi
·tive condition of horse. In further confirmation of this view, I may add 
that the proportionate size of the head and length of limbs to size of 
body is greater than in the recent species of Equus; resembling in these 
points the colts of that genus. Acceleration of the growth of the body 
and prolongation of the face, the same in the widening (fore and aft) of 
the internal columns of the molar teeth, with retardation of the growth 
of the lateral phalanges, would express the process of evolution of the 
modern types of horse. 

PROTOHIPPUS PERDITUS, Leidy. 
Represented in the collections by the entire molar dentition of one 

cranium ; the greater part of that of another, with incisors and canines; 
the four median molars of another; two superior molars, with mandible 
and teeth of a fourth; mandibular dentition of two others, with parts of 
mandibles and symphyses; and isolated molars of a large number of 
additional specime-ns. 

V·l ithout this material, I should have hesitated to separate the two 
species above described as new; as it is, I have no question that they 
are well defined, and are not the species described by Dr. Leidy under 
the name of 1J1erychippus. The two lower jaws at my disposal agree in 
dimensions with each other and with the superior molars and with Dr. 
Leidy's types, with which I have compared them, four of them having 
the same extent as five of those of the two species above described. In 
two successional superior molars little worn, one of the inner columns 
(the anterior) is not ~·et united with its corresponding crescent, and the 
borders of the lakes. are more plicate than in more worn examples. 

PROTOHIPPUS PL.A.CIDUS, Leidy. 
A portion of the skeleton of this species was excavated by myself 

from the rock of the Pliocene formation, which was accompanied by two 
teeth, characteristically those of this species, and the only ones I ob
tained which a1.:e referable to it. They are readily known from their 
small size absolutely, and it would seem relatively also. The vertebrro 
are similar in size and proportions ; but the metatarsus is materially 
shorter than that of P. sejunctus, and the phalanges of all the toes, and 
especially the coffin-bones, considerably stouter. Compare measure-
ments with those given above. · 

Measurements. 
M. 

Length of median metapodial bone....... . ................................ 0.173 
Expanse of condyles of lateral metapodials...... ...... ...... ............... .042 
Length of first lateral phalanx . . . . . . .. . . .. . .. .. .. . • . • • .. . . . . . . .. . . . .. • .. . .024 
Antero-posterior width of first lateral phalanx •..••••.••.•..............• ~.... .016 
Length of coffin-bone media.lly.... .. . .. . .... . .. ... .. .•• ... .... ..... .... .••• .041 
Width between angles.. . .................................................. .037 
Width of articular face . .. .......................................... , ...... .026 
Height of coffin-bone behind ...... ·......................................... .02"2 

Thus both coffin-bones are larger, wider, and flatter . than those of P~ 
sejunct~ts, a character provided for by the greater lateral distal expansion 
of the metapodial bones. The shortness of the metapodial bone may 
be due to the fact of its being a metacarpal; the femoral condyles are 
adherent to it in the matrix, and there is a proximal facet· like that for 
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the cuboid bone in P. sejunctus. Were the bone a. metacarpal, this facet 
would relate to the trapezoides, a contact which does not exist in either 
of the genera of three-toed horses, Hippotherium and A.nchitherium, ac
cording to Kowalevsky.* 

ARTIODACTYLA. 

MERYCHYUS, Leidy. 

MERYCHYUS MAJOR, Leidy, Anc. Fauna Dak. and Neb., 121. 
A single superior first molar; presenting some peculiarities perhaps 

individual. 

NfERYCHYUS ELEGANS, Leidy, loc. cit., 118. 
A mandibular ramus, with the molars and last premolar; a little 

larger than Leidy's specimens from Nebraska. 

PROCAl\iELUS, Leidy. 
PRO CAMEL us, sp. 

Numerous parts of skeletons of a large species without teeth; possi
bly the P. niobrarensis, Lei4Y· 
PR.OCAMELUS .ANGUSTIDENS, Cope, Bull. U. S. Geol. Surv. Terrs., No. 

1, 20. 
Represented by the nearly entire mandibles, with most of t.he teeth 

of two individuals, and two superior molars referred with probability to 
the same. 

This camel is the size of the P. robust·us, Leidy, but differs from it in 
the much narrower teeth, especially the last molar and last premolar, 
the much smaller first molar, and totally different form of the second 
premolar. Thus, while the last molar ha& the same length, it supports 
an anterior expansion whose angles are the summits of ridges on the 
inner and outer sides of the crown, which are wa.nting in P. robustus. 
Behind the outer rib in P. angustidens, there is a considerable gromTe. 
While the third molar is as large as that of P. robustus, the first molar 
is strikingly smaller, while the third premolar is about as long, is only 
half as wide when worn to the same degree. The second premolar, 
instead of presenting a contracted subconic crown, is longitudinally 
extended and compressed, resembling closely the third premolar. The 
molars are remarkably flat on the outer side; each lobe being devoid of 
a median ridge, and the first and second even wanting that between the 
lobes. The diastemata are long, and the first premolar is compressed 
and equidistant between the canine and the second premolar. The dia
stema in front of the canine is not wider than one tooth. The lower 
incisors are broad and oblique. The lower posterior boundary of the 
symphysis is almost immediately below the first premolar. 

Measurmnents. 
M. 

Total length of dental seriesto first incisor_ .••..••••. _ .................... .- 0.240 . 
Length from first to third incisor on crowns ...... ____ .. . . . . . . . • • . • • .. . . . • • • .035 
Length from first incisor to canine_----------·-----------·----·............ .040 
LP-ng th from first incisor to first premolar ........ -----·.................... .073 
Lengtlt from first incisor to second premolar. __ .•.. _ ...................... •1 .103 
Length of molar series . _ ... _. _ .. ___ ........ _ ..•..•. _ ••.. _... . • . • . . . • . • . . . . .134 
Length of premolars 2-3-4 ...... ·----- ·----· .•.. ____ ·----· -·-·-- -----·. ---- .039 
Length of second premolar ...... ____ ...... ---------· ........ ··----........ .016 
Length of fourth primolar . ___ . ___ .. _ .......... ___ .. _. _ ... _ ...•. _ .....• _ .. _ .016 

* Paheontographica, U373, pl. vii. 
34 G S 
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Width of fourth premolar, (half worn) ...•••.•.••••••.......•••••••.•••••.• 
Length of first molar, (half worn) ......•..•.••......••..........••..•.••••• 
Width of first molar, (half worn) ..•.••......••.•..••.....•..•.••.•.••••••• 
Ler;gth of th<rd tnolar .........•.•..••.••..••••. · •••.•.. " .••..•••..••••....• 
Width of third anterior column .................................. ----··---· 

In the second specimen the molars are a little narrower. 

/ 

M. 
0.005 

.019 

.014 

.047 

.013 

PROCAMELUS HETERODONTUS, Cope, Bull. U. S. Geol. Surv. Terrs., 
·1874, No.1, 20. 
Represented by the right distal portion of a mandibular ramus, with 

incisor, canine, and premolar teet.h, and by the greater part of the den
tition of the premaxillary and maxillary bones. These indicate an ani
mal of the size of the species last described. 

An interesting fact in the structure of the genu£ is indicated by these 
specimens, namely, that the premaxillary bones support a full series of 
incisor-teeth, a fact not heretofore known, as the pieces in question had 
not been previously identified by authors. The median incisors were 
inserted into rather small sockets, and were separated by diastemata 
from the third or caniniform incisor, from each other, and from the an
terior extremity of the bone. 

A second result of the investigation is that the genus Homocamelus, 
Leidy, is probably the same as Procamelus j and that H. caninus should 
be regarded as the P. robustus, unless new evidence exists to the con
trary. The former was established on dentition of the upper series 
:alone; the latter on that of the lower jaw. In the present species, we 
have the two kinds of teeth combined. The relations are, however, 

,·quite different from those found in the P. robustus and the P. angusti
dens. As to the reference of H. caninus to the former rather than the 
latter of these two, it depends on their coincidence in the transverse 
width of the premolar teeth, and is rendered probable by the fact that 
they are from the same horiz&n and approximate locality. 

In t.he superior and inferior dentition of P. heterodontus, it is to be 
noticed that the first premolar is situated well anteriorly, the space sep
arating it from the second premolar being twice as long as that between 
It and the canine; in P. robustus, these interspaces are equal (in the 
lower jaw) as in P. angustidens. In the present camel, the third incisor 
is separated from the canine in the lower jaw by a space nearly equal 
to that between the canine and first premolar; in P. angustidens, and, 
probably P. robustus, (=H. caninus,) this space is very much less, and 
just sufficient to admit the superior caniniform incisor. In the present 
species the lower border of tb~ symphysis is below the canine, and hence 
the symphysis is much shorter than in P. angustidens, as it is steeper 
.and concave on the antero-inferior face. It is not co-ossified in the 
•Specimen, while it is so in theP. ang~tstidens. On each side of t.he suture 
below is a small, compressed, descending tuberosity. The mental fora
men is below the first premolar. The second and third lower premolars 
.are two-rooted and compressed; the third presents an angle inward at 
its anterior end. 

The premaxillary bones attenuated and simple in front, with little 
indication of contact or connection across the middle line. The side of · 
·the muzzle is concave above the first premolar. Last incisor vertical in 
~direction. 

The maxi11ary teeth associated with the above-described premaxillary 
1lones represent the entire series, except the second and third premolars· 
·tPhese present strong exterior ribs between the columns, and weak ones 
between on the third molar. These teeth present no extra lobes, tuber-
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cles, nor columns; and the cement-deposit in the lakes is very small. 
The third premolar and first molar are about as broad as long. 

Measurements of the upper jaw. 

Length of true molars .•••••.•••••..•••.••••••.•. .:. •.•••••.••••.••••..••••.... 
Length of last molar, (outside) ..•••....•••.••••••••••...••••••••••..••..•••• 
Width of last molar, (anterior column) ..••••..•••..•••••.•••••..•••........• -
Length of first molar .•.•••.••••• : ..................................... ··-~-· .. 
Width. of first molar ...•.••••••••..•••••.•••••.•••••..••••••••••••••..•... -•.. 
Length of last premolar .•....••••..••...•••.••••..•••.......•.••....•• , ..... 
Width of last premolar ...••....•.....••........••...•••..•••••..•••..•.•... _ 
Length from first premolar to canine ............•••.•.•••.•....•.•..•••...... 
Length from first premolar to third incisor ....••.•••••.•••••••••.•••••.•...•.. 
Length from third incisor to end of premn.xillary .•••••.•....•••...••••. :. - .. -

Measurements of the lower jaw. 

M. 
0.08'1 

.036 

.016 

.020 

.019 

.014 

.013 

.016 

.036 

.038 

M. 
Length from apex of third incisor to end of third premolar .•••••.•••••.••••••• 0.120 
Length from apex of third incisor to second premolar. . . • • • • • • • . . • . . . . • . • . • . . • .698 
Length from apex of third incisor to first premolar. . • • • • • • • • • . . . . . . • • • • • . . . • . . .052 
Length from apex of third incisor to canine ................ _ ...•.•••• _. • . . . . . . • .025 
Depth at third premolar...... • • . . . . . • • • . • • . • • • • . • • • • . . • . • • . . . • • . . . • • • . • • . • • . .040 
Depth at canine .•••.•• _........................................................ .041 

From the heads of ~awnee Creek, Cqlorado. 

PROCAMELUS OCCIDENT.A.LIS, Leidy, Anc. Faul).a Dak. and Neb., 151. 
Specimens in fine preservation, but referred, with some doubt, as 

above. The dimensions of the teeth are intermediate between those of 
the species above named and the P. gracil-is, Leidy. 

MERYCODUS, Leidy. 

MERYCODUS GEMMIFER1 Cope, loc. cit., 22. 
A small ruminant, represented by jaws and teeth of three individuals 

found in association with the species above described by the writer. 
These embrace only the true molar-teeth. in good preservation. They 
resemble those of M. necatus, Leidy, in form and size, but differ in hav
ing a rudimental column between the principal columns at their bases, 
a character which I have satisfied myself does not exist in the Niobrara 
specimens described by Dr. Leidy by autopsy. These only appear on 
the grinding faces after prolonged attrition. First molar equal to the 
last premolar in antero-posterior diameter. 

Measurements. 
M. 

Length of four posterior molars .•••..••••..••••.••••..•••••.••••.••••••.•.... 0.0:~7 
Length of true molars ..•••..•••.••......•...••.•..•••...•.•••...••••••...... · .030 
Length of second molar. . • . • . . . . • • • . . . . . . . . • • . • . • . . . . . . • • • • . . . • • . . • . . • . • • . • . • .ODO 
\Vidth of second molar...................................................... .040 
Length of third molar....................................................... .013 
Width of third molar..... . . . • • . . . . . . • . . . • . . . . • • . . . . . . . . . • • • . . • • • • . • • • • •• . . . • .006 
Depth of jaw at second molar .••••..••••• ·····,·.............................. .015 

P R 0 B 0 SCI D I A. 

MASTODON, Cuv. 
MASTODON PROAVUS, Cope, Synop. Vert. Col., 1873, 10. 

Represented by an entire anterior molar, portions of posterior molars, 
and an astragalus, all found associated by the writer. They probably 
pertain to the same individual. 
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The general character of the transverse cre~ts of both kinds of teeth 
is similar. Each crest is composed of two obtuse lobes, whose diameter 
is greatest exteriorly, but contracts toward their point of contact on the 
median line. Their section is therefore pyriform, with the apex inward. 
In an anterior tooth, the cutting-edges are obt~se and descend from the 
outer margin to the line of division between them. This line is a nar
row fissure in the anterior toqth dividing the cones for more than half 
their height. This fissure is similar in the posterier molars, but the 
cones a~e more elevated and compressed, and· are irregularly lobed with 
low tuberosities, especi2lly on the posterior face. The outer face of the 
cone of tbe last pair is separated from the posterior by a low, vertical, 
ridge. There is a posterior heel, wbose summit is continuous with one 
of the cones. 

The vaileys are open and spreading, as in M. okiotimts, and there ap
pear to have been no intermediate nor accessory lobes or cones. There 
is a cingulum round the anterior molar, which is strongest behind. One 
of the cones sends a rib inward and downward to a position on the cin
gulum, which partially incloses a fossa on the outer side. 

Enamel generally smooth. . 
The tibial face of the astragalus is convex antero-posteriorly, little 

concave, and oblique transversely. The inner side is elevated, and also 
shortened from the back forward, so as to leave a considerable neck for 
the navicular facet. This is convex and oblique, extending nearly to 
t.he edge of the tibial face on the outer side. The peroneal face is shal
low, and exhibits a small facet and a fossa. The calcaneal facet of the 
inner side is much produced inward. The external one is a broad oval. 

Measu.rements. 
M. 

Length of crown of anterior molar. ___ .. ___ •. . • • • • • . . . . . . . . . . . . • • • • • • • . . . • . . . 0.055 
\Vidth of crown of anterior molar. ... -----·-----·---- .................. ·----· .050 
'Elevation of cones of the same ... __ ... _ .. __ .. _ ... _ .................. _.. .. . . . . .025 
Width of valley between apices of the cones .... ---------·----------------.... .027 
Elevation of cone of posterior mola:J,; ______ ------------ ................ -------- .042 
Transverse diameter of the same at base of :fissure .......... _ ...... .-.. .. . . .. . • .0:~5 
Long diameter of the astragalus .... ______ . __ . ______ .. _ ..... _. ___ . _ .. _ •. _. _.. .093 
Transverse diameter of the astragalus ..••.. ·-·--- .............. --------·----· .100 
Exterior depth of the astragalus ............ -----· ...................... ·----- .025 
Interior depth of the astragalus .......... ·-----·- .............. ---- .... ·----- .058 
Transverse width of navicular facet .... ------ ______ ·-----·----· .... ·---...... .055 

The anterior molar described .has but two transverse crests, but is · 
considerably la!'ger than the two crested teeth in Trilopkodon okioticus. 
As the other portions indicate a smaller species, the position of this 
tooth becomes a matter of question. This . point, together with the 
isolated or conic and furrowed character of the divisions of the crests, 
with the smaller size, separate it from the common species. It also be
longs to an earlier geological period. From 1J1. mirijicus, the wide, open 
valleys, simplicity of the cones, and larger size distinguish it. 

TESTUDINATA. 

STYLEMYS, Leidy. 

STYLE1t1:YS (') NIOBRARENSIS, Leidy. 
Abundant. 
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APPEND] X. 

The essays and papers in which the descriptions and determinations 
of most of the species of extinct Vertebrata included in the preceding 
report originally appeared are the following : 

Cope, Paleontological Bulletin, No.14; published July 25, 1873. 
Cope, Paleontological Bulletin, No. 15; published August 20, 1873, 
Cope, Paleontological Bulletm, No. 16; published August 20, 1873. 
Cope, Paleontological Bulletin, No. 17; published October 25, 1873. 
Cope, Synopsis of New Vertebrata from the Tertiary of Colorado ; pub-

lished October 16, 1873. 
Hayden, Bulletin of the United · States Geological Survey of the Terri

tories, No. 1 ; published January 21, 187 4. 
Hayden, Bulletin of the United States Geological Survey of the Terri· 

tories, No. 2 ; published April 19, 187 4. 
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. REPORT OF LIEUT. W. L. CARPENTER ON THE. COLLECTIONS 
MADE BY HIM IN 1873, WHILE CONNECTED WITH THE UNITED 
STATES GEOLOGICAL SURVEY. 

WASHINGTON, D. C., January 1, 1874. 

SIR: Having been permitted by the courtesy ot my superior officers 
to accompany the United States geological survey of Colorado, and by 
yourself kindly appointed naturalist of the party, I take pleasure in pre
senting for your consideration a brief summary of the collections made 
in this department during the season. 

In ornithology and oology~ a thorough collection, embracing many 
rare and valuable specimens, was made by Mr. J. H. Batty. The 
branches to which I paid particular attention, and the collections made 
by myself, are as follows : 

Hymenoptera. 
Ijepidoptera. 
Diptera. 
Coleoptera. 
H emiptera. 
Orthoptera. • 
N europtera. 

Myriopoda. 
Eggs of insects. 
Larvre. 
Chrysalides. 
Galls. 
Arachnida. 

Parasites. 
Land-shells. 
Fish. 
Reptiles. 
lVIammals. 
Skeletons. 

The entomological collection was made as thorough as circumstances 
would permit ; and a large amount of material obtained for future study, 
including sediment of streams and ponds at extreme elevations, which 
will require a considerable time for examination, and cannot, therefore, 
appear in this report. The several orders of insects were placed in the 
hands of eminent scientific gentlemen, specially interested in their 
study, who cheerfully undertook their examination; the classification 
of species as arranged by them is herewith annexed. A separate mis
cellaneous entomological collection was also made in the mountain
region, entirely above timber-line, which I hav• classified, thinking it 
would prove interesting in determining the geographical distribution and 
range of species. As many skeletons of mammals were made as possi
ble, including one of the grizzly bear, which I belimre is the first com
plete skeleton of that animal ever secured. 

Regarding the general results obtained, and the inferences to be 
drawn therefrom, I can only say that the thorough observations of Dr. 
A. S. P ackarrl, jr., Dr. Cyrus Thomas, and Dr. Horn, published in the 
reports of your previous surveys, have been so exhaustive as to leave 
little of interest. to be said which will not be a repetition of former pub
lications. In fact, I find that nearly all my notes upon the habits and 
ra.nge of species singularly verify the facts noted by those who have 
preceded me in this field. I shall, therefore, merely ca.U attention in the 
catalogue by a brief note to any which may merit particular attention. 
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Allow me, sir, to tender my sincere thanks to yourself,.Professor 
Gardner, Mr. Stevenson, and, in fact, to all the members of the party, for 
the cordial assistance rendered me in the pursuit of my duties as natu
ralist of your survey. 

I am, sir, very respectfully, your obedient servant, 
W. L. CARPENTER, 

Lieutenant, United States Army. 
Dr. F. V. HAYDEN. 

United States Geologist. 

DESTRUCTION OF PINE-TIMBER IN THE ROCKY 
MOUNTAINS. 

BY LIEUT. W. L. CARPENTER, U. S. A. 

While attached to the United States geological ·survey for 1873, my 
attention was attracted to a singular destruction of pine-timber in the 
Rocky Mountains, in the Territory of Colorado, by some agency unknown 
to myself. While personal observation satisfies me of the existence of 
such a baneful influence, I can only hope that a description of its effects 
will enable others to determine its cause, as my limited observation 
does not permit me to arrive at any satisfactory conclusion concerning it. 

In the region of country lying between the eastern slope of the na
tional range and the southern waters of the Colorado River, many pine
trees may be noticed stripped of their bark in such a way as to cause 
their decay. Sometimes the tree will be seen completely girdled, at 
others only denuded of a small patch of bark, which does not seem to 
affect its growth. The injury appears at any part of the trunk of the tree, 
and may often be seen at a distance of forty feet from the ground, which 
precludes the possibility of human agency. This fact was carefully veri
fied, as it is well known that the Ute Indians strip the pine~ trees of 
bark iri the spring of the year to obtain the pulpy substance next the 
wood for food ; but the bark is by them always stripped off smoothly 
in large pieces near the ground, and from trees in the vicinity of good 
camping-places; while the girdled trees referred to may be found in 
the most inaccessible places, and -often near timber-line. As ' far as 
known, there is but one species, the yellow pine (Pinus ponderosa), so 
attacked; and although the white spruce and quaking-aspen are to · 
be found in the same vicinity, they never appeared to suffer. 

The injury first begins with a row of holes about one-fourth of an inch 
in diameter at the surfj.tce of the bark, and terminates in a point at the 
wood. These holes atre generally drilled in nearly parallel lines, per
pendicularly and horizontally, then gradually enlarged, until finally they 
connect with each other, and the tree appears entirely stripped of bark 
for a vertical distance of two or three feet. 

A careful examination of these trees in their various stages of decay 
was made for traces of insects, but nothing could be discovered which 
would lead one to suppose tliat it was their work. If attributable to 
the ravages of coleopterous insects, such as the Ouroulioniam and Oe
rambyoidm, those most destructive to vegetation, then the damage must 
have occurred in some previous year extraordinarily productive of these 
insects; for although found there this season, they were quite rare. Nor 
could any unusual signs. of coleopterous la.rvoo be found in the bark or 
wood of these trees. It also seems improbable that such extensive dam
age could have been inflicted by birds of the Pioidm family, noted for 
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their hammering and pecking proclivities in search of larvre, as these 
birds are by no means abundant in that region. 

The section of couutrv most affeeted seems to be the mountains near 
the source of Twin Lake Creek and the branches of the Gunni,son; it · 
was not noticed in Middle Park and Northern Colorado. The damage 
is so considerable that in a walk of one mile through a dense pine-for
est on Twin Lake Creek, sixty large trees were counted, dead, or fast 
losing their vitality from this cause. · 

' 
REPORT ON THE ALPINE INSEOT-FAU.NA OF COLOR~t\..DO. 

BY LIEUT. W. L. CARPENTER, U. 8. A. 

A separate entomological collection was made by myself over an 
extensive area, at extreme elevations, in all cases exeeeding an altitude 
of 12,000 feet above the level of the sea. Here amid the region of 
eternal snow, where both the animal and vegetable kingdoms, exposed to 
a climate of arctic severity, seem struggling for existence, are found 
many lowly forms of life, extremely interesting from their peculiar 
choice of a home. Only a short distance below the timber-line, at an 
altitude of about 11,000 feet, insect-life may be found in abundance; 
but an ascent of ·a few hundred feet causes a wonderful diminution in 
species; and when the summits of the loftiest peaks are reached, at an 
altitude greater than 14,000 feet, unless the weather be unusually mild, 
it requires very close scrutiny to disclose the presence of any life. It 
is probable that some insects, such as the Orthoptera,, a few Hemiptera, 

· Diptera, and Coccinellidce, are carried to the tops of mountains by 
storms and atmospheric currents; while the Arachnida, Lepidoptera, Neu
roptera, and most· Coleoptera, many of which have been found in Alaska 
and Labrador, are undoubtedly peculiar to high latitudes and great 
elevations. In the early spring, long before any bare ground was visi
ble, Coccinella transversogutta and Lygceus reclivatus were found at an 
elevation of 14,000 feet, in abundance upon · the surface of the snow. 
Lygreus reclivatus seemed to be widely distributed; it being always 
found above the timber-belt, from May to October, throughout an area 
of 20,000 square miles. By removing the snow and searching under 
stones and in moss, Arachnida, Coleoptera, and Iarvre were found. A 
microscopic examination of snow-water collected in pools, made during 
the months of l\fay and June, failed to reveal the existence of any ani
mal life ; and it was then thought that aquatic insects would not be 
found; but a shallow pool discovered on Elbert Peak above timber-line, 
July 22, proved to contain considerable life, and was especially produc
tive of a species of Entomostraca. 

Myriads of grasshoppers of the species Oaloptenus spretus swarm from 
the Pacific slope in the months of July and August, and in their journey 
eastward are arrested by the high peaks and ridges of the .Rocky 
Mountains, and, becoming benumbed by cold, drop down to perish. 
The barrier thus presented by these mountains is of great benefit to the 
agricultural interest of Colorado; for, although upon a favorable sea
son some swarms ma.y pass by to the eastern plains, it will be safe to 
estimate that not more than one-tenth of the number which rise from 
the plains and valleys of Utah ever succeed in crossing the divide. 

·Five species of butterflies were found ; the ParnasS'ius Smintheus and 
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Ohimwbas Semidea being the most abundant. Of the moths, the b.eauti
ful' Arctia Quenselii, which occurs also on Mount Washington, New 
Harnp~hire, and in the Alps, seemed to have the most extensive geo-

. graphical distribution. If the sun were shining, the Lepidoptera might 
be seen flying about with all the activit.v of species in a warmer climate; 
bnt if a passing cloud obscured the sun for a few moments, they 
quickly took refuge in the rocks, so sensitive did they seem to a change 
of temperature. 

The spiders appeared to thrive best; being always present at all eleva
tions, and apparently irtdifferent to climate. The geometrical web-spin
ners were rarely found at high altitudes, owing to the absence of · trees 
and plants upon which to build their webs. The habits of the species 
found above the timber-line were, however, well adapted to their 
1)eculiar surroundings. ·Those found in the crevices of rocks and holes 
in the ground generally lined their habitations with silk, and were thus 
enabled to entrap their prey; but the greater number were true wan
derers, and roamed from place to place without ever spinning webs. 
Twenty-three species were found above timber-line, and, as far as now 
known, they are nearly al~ new to science. 

The plant-bugs (Hemiptera.), as might be supposed from the almost 
total absence of vegetation, were not numerous. This order of insects 
was found to be very limited in species throughout the mountains, 
owing probably to the scarcity of the cultivated plants found in more 
civilized regions, upon which they feed. The vegetables, fruit, and 
grain raised in the. foot-hills are consequently quite free from the attacks 
of these pests, which so much ai:moy eastern farmers. 

The collection of flies (Diptera) was so much damaged in tr~nsporta
tion that it was difficult to determine even the genus in many cases. · It 
is to be hoped that future collectors will not overlook this interesting 
order of insects, and that they may be more fortunate in preserving 
their collections from the many mishaps inseparable from mountain
travel. The horse-flies (Tabanidm) were found in great numbers at tbe 
timber-belt, but seldom ventured far above it, and were never seen on 
the summit of the higher peaks. The blow-fly (.Musca erythrocepha,la) was 
found everywhere at ~ll elevations, and seriously interfered with the 
preservation of natural-history specimens, besides proving very 
destructive to articles of food at altitudes below 10,000 feet. 

The bee-order is well represented in the collection ; four new species 
of Hymenoptera being found. The humble-bee was always to be seen 
in midsumu1er at the verge of the alpine. flora, busily engaged in col
lecting its store of pollen from the few flowers to be found. 

The principal and most interesting result obtained from the study of 
this collection, is the demonstration of the fact that the alpine insect
fauna of the Hocky Mountains is nearly identical witll that of Mount 
vVashington (New Hampshire), Labrador, and Alaska; and that insects 
which are found upon mountains at great elevations will likely occur in 
a much higher latitude at a less elevation. 

Insect-lite, with the exception of' the grasshoppers, is more abundant 
in the foot-hills than the plains near the foot of the roountains. An 
altitude of about seven thousand feet appeared to produce the greatest 
variety of species. 

I desire to express my thanks to Dr. A. S. Packard, jr., for valuable 
assistance rendered in the determination of species; also to Prof. T. 
Glover, of the Agricultural Department, who kindly placed his admira
ble entomological plates and the -public collections at my service. 
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HYMENOPTERA. 

Atlantus basilaris, Say. I Cryptus robustus, Ores. 
Ly<la Oarp!3nterii, Cress., new spe- Ammophila robusta, Ores. 

cies. \ Odynerus tigris, Sauss. 
Ichneumon --- (~). Bom bus termarius, Say. 
Ichneumon --- (~). Formica ---. · 
Lampronota -- (?). I 

LEPIDOPTERA. 

Pieris occidentalis, Reakirt. · 11\'Iilitma Nubegina, Edw. 
Parnassius Smintheus,Doub., 3va- Anarta ---. 

rieties. H Arctia Quenselii, Paykull. 
t Ohionobas Semidea, Say. I t Agrotis Islandica, Staudinger. 
Argynnis Freya, Esper. Tortricidm ---. 

Tabanidm, 2 species. 
Therevidm, 1 species. 
. Tipnlidm, 2 species. 
Syrphus obliquns, Say. 
:Musca erythrocephala, Meigs. 
1\fusca ---. 

DIPTERA. 

l
l\iusca ---. 
Musca---. 
Bibionidm, 1 species. 

I
. Do1ichopus (?). 
Chironomidm, 1 species. 

COLEOPTERA. 

* Carabus tmdatus, Fabr. 
t* Nebria Sahlbergii, Fisch. 
*Amara terrestris, Lee'. 
t Amara o btu sa, Lee. 
Silpha ramosa, Say. 
t Podabrus lmvicollis, Kirby. 
Collops cribrosus, Lee. 

I 
Calopus augustus, Lee. 
Stereopalpus guttatus, .Lee. 
* Adoxus vitis, Linn. 

I 
Chrysornela dissimilis, Say. · 
Trirhabda con vergens, Lee. 
Hippoda,mia parenthesis, Say. 

* Dendroctonus obesus, Mann. I 
Coccinella transversogntta, Fald. 
* Alophus alternatus, Say. 

Lygmus reclivatus, Stal. 
Lygmus circumcinctus, Stal. 

Caloptenus spretus, Uhl. 
Platyphyma montana, Thos. 

Phryganeidm. · 
Arctia---. 
Agrotis Islandica (?). 
Tortricidm ---. 

* Pound also in Alaska. 
t Pound also in Labrador. 

HEMIPTERA. 

I Aradus americanus, Fab. (affinis). 

ORTHOPTERA. 

I 
Stenobothrl!s Carpenterii, Thos., 

new spemes. 
Decticus ---. 

LARVJE. 

I Bibionidm (?). 
1 Harpalus --. 
[ Tipnli<lm --. 
I 

tFouncl <J.lso on Mount Washington, New Hampshire. 
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PUP..E. 

1\fycetophilidre. 1 Vesparire. 

MYRIOPODA. 

Lithobinus Americanus, Newport. 

A ttoidre, 1 species. 
Drassoidre, 5 species. 
Theridoidre, 1 species. 

AR.ANEINA. 

I 
Thomisoidre, 2 specie. s. 
Lycosoidre, 14 species. 

ENTOMOSTRACA. 

Daphnia pulex. 

MOLLUSCA. 

Zonites nitidus, Muller. 

LIST OF SPECIES OF BUTTERFLIES COLLECTED BY LIEUT. 
W. L. CARPENTER, U. S. A., FOR .THE UNITED STATES 
GEOLOGICAL SURVEY OF COLORADO, 1,873. 

BY W. H. EDWARDS. 

Papilio Rutulus, Boisduval. I Militrea rninuta, Edwards. 
Euryrnedon, Boisduval. Phyciodes Carlota, Reakirt. 

Parnassius Smintheus, Doubleday. Camillus, Edwards. 
Pierio oleracea, Boisduval. Grapta zephyrus, Edwards. 

Protodice, Boisduval. Vanessa Antiopa, Linnreus. 
occidentalis, Reakirt. Pyrarneis Atalant3J, Linnreus. 

Anthocaris Julia, Ed wards. Limenitis W eidemeyerii, Ed wards. 
· Ausonides, Boisduval. Camonympha ochracea, Ed wards. 

Coli as Eurytheme, Boisdu val. Satyrus sil vestris, Ed wards. 
Keewaydin, Edwards. I Charon, Edwards. 
Scudderii, Reakirt. Ridingsii, Edwards. 
Alexandra, Edwards. Erebia Epipsodea, Butler. 
l\feadii, Edwards. I Chionobas Chryxus, Doubleday. 

Danais Archippus, Cramer. . Sernidea, Say. 
Euptneta Claudia, Cramer. 1 ChrysophanusHelloides,Boisduval 
Argynnis Halcyone, Ed wards. Lycrena Acmon, Hewitson. , 

Eurynomes, Edwards. rustica, Edwards. 
Hesperis, Edwards. Eudamus Tityrus, Fabricius. 
Freya, Esper. Hesperia tesselata, Scudder. 
Helena, Ed wards. I Ocytes Draco, Ed wards. 

Militrea nubigeria, Behr. 



ON THE GEOGRAPHICAL DISTRIBUTION OF THE MOTHS OF 
COLORADO. 

[Figs. 1-15.] 
\ 

BY A. s. PACKARD, JR., M. D. 

The following remarks are based largely on specimens of moths col
lected in Colorado by Lieut. W. L. Carpenter, attached to the 
United States geological and geographical Survey of the 'rerritories, 
in the summer of 1873. The material is particularly interesting as 
throwing more light on the alpine insect-fauna of the Rocky Mountains 
than any collection previously made, so far as I am aware. I have also 
been allowed, through the kindness of Mr. T. L. Mead, of New York 
City, to incorporate much valuable material collected by him at different 
points in Colorado Territory, with the special localities and elevations 
given. The aid thus afforded by Mr. Mead's collections is invaluable. 
I have also received a few specimens from Oolorado, collected and pre
sented to me by Mr. Ridings, of Philadelphia. 'Vith the aid of these 
collections, and quite a fu!l series of Californian Lepidopterct, collected by 
Mr. H. Edwards, and a large number of Phalcenidce, obtained· by 1\ir. G. 
R. Crotch in Vancouver Island and neighboring localities (contained in 
the Museum of Comparative Zoology), we are furnished with some most 
important facts in the geographical distribution of the Lepidoptera, and 
particularly of the family of geometrid moths (Phalcenidce). 

First, as to the nature of the alpinre fauna of the mountains of 
Colorado. The results obtained by Lieutenant Carpenter are extremely 
interesting, as showing that on the peaks above a line of 12,000 feet the 
fauna is as truly alpine as on the summits of the Alps or the top of 
Mount Washington, in New Hampshire. Several species occur there 
which are also found on the Swiss Alps, as well as Mount Washington, 
and in Labrador and Greenland, at t.be level of the sea. 

Among the butterflies, I learn that Ohionobas semidea Say, heretofore 
only found on the summit of Mount Washington, New Hampshire, bas 

. been discovered by Lieutenant Carpenter at the same elevation (12,000 
feet and upward) as the moths mentioned in the following table. This 
establishes the complete identity of the faunas of the alpine summits of 

~ the United States at or above the snowiline. The following table shows 
the distribution of the five alpine and arctic Lepidoptera up to this 
time known to inhabit the alpine summits of Colorado : 

Colorado. Wa~h~~~~on. Labrador. Greenland. Iceland. Alps. Lapland. 

---------------l------l--------1------l-------l·--------------
Chionobas semidea •...... X X 
Arctia Quenselii .......... X X X X 
Anart.a melanopa . ........ X X X X X 
Agrotiil Islandica ......•. X X X X 
Plusia Hochenwarthi. .•.. X X X X 

Two specie of Anarta were collected by Lieutenant Carpenter in com
pan~' with Arctia Quenselii, &c., but they were too ~uch rubbed for 
identification. It is possible that they were .A.narta quadrilunata, Grote, 
and .A. subjuscula, Grote, (recorded from Colorado in Proc. Bost. Soc. 
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N. H., Jan., 187 4, 244), and closely allied to Anarta melanopa and A. 
Richct.rdsoni (A. algida.), respectively. I should state that .A. melanopa, 
Thuub., is recorded as occurring there on the authority of lYir. Grote. 
All three species were collected 'by Mr. T. L. Mead in Colorado. It 
should4be borne in mind that the alpine fauna of Colorado also comprises 
a few species not found in other alpine regions; such are the two species 
of .Anarta and two of Ohionobas ( 0. Ohryxus and G. Uhleri, the former 
occurring at Hudson's Ba,v). , 

The following table shows the distributi0n of eight species of Phalm
nidm, which are found at an elevation of about 8,000 to 9,000 feet, 
around the base of the mountains. They are subalpine and circum~ 
polar species. and also occur in the lowland~ of north temperate America 
and Europe. ' · 

Colorado. Mount Wash- Labrador. Icel:tnd. Alps. Lapland. J Mountains 
ington. of Asia. 

Laren tia cresiata ....... X X X X X X X 
Cidaria populata ....... X X X X X 
Cidaria lugubrata ... ... X X 
Cidaria test,ata ........ X X X 
Coremia ferrugatn. ...... X X X X X X X 
Melanippe hastata ..... X X X 
Melanippe tristata . .... X X X 
Melanippe lugubmta .. . X X X X X 

Gidaria testata and G. lugubrata will undoubtedly occur in the White 
Mountains, as well as JYlelanippe lug·ubrata, since all except G. lugubrata 
have been found jn different parts of Northern New England. vVe are 
also to look for Lwrentia dilutata (S. V.) in Colorado, as it occurs in New 
England, and in Europe and Asia. From the facts here presented, It 
will be seen how important it is to compare species occurring in nearly 
identical isothermal lines around the globe, and to study tlle variations 
in those species as occurring on opposite sides of the same continent, in 
comparison with those on different continents. The facts offered in this 
paper are exceedingly scanty, but yet indicate, so far as they go, some 
interesting laws of climatic variation, which tend to confirm·the generali
zations established by Professor Baird and lYir. J. A. Allen, as regards 
the avifauna of North America. I should, however, state that the fact 
of variation in species eommon to both sides of our continent were forced 
upon me by a study of the specimens themselves, without at the time 
having the views of our ornithologists in mind. The species below be
long to bnt four lepidopterous families, the Pterophoridie, Phalmnidm, 
Noctuidm, and Bombycidm. In all those enumerated, as noticed more 
fully in the remarks under each species, the Colorado (when the species 
occurs there) and Pacific coast individuals are larger, and, in some cases, 
with longer, more pointed wings, than in those from Labrador or New 
England, and in a few species show a tendency to become lighter in 
color. I believe that it will be found that these differences are due 
almost solely to climatic causes. The climate of the Colorado Mount
ains· and of Vancouver Isla.nd is much warmer than that of Northern New 
England and Labrador. The mean annual temperature of Victoria, Van
couver Island, ig 50°, that of New York being the same; while that_..of 
Labrador is 32°-30°. According to Professor Guyot (Physical Geog
raphy), the annual rain-fall of .Astoria (about one hundred and twenty 
miles south of Vancouver Island) is 86 inches, while that of Saint John's; 
Newfoundland, i~ 63 inches (this is probably the same as the southern and 
eastern coast of Labrador). The rain-fall of the Rocky Mountain region 
is colored on Guyot's map the same as that of the Ural and AI tai Mount-
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ains. The annual rain-fall of Fort Dalles, Oreg., is 22 inches, while 
that of N ertchinsk, in the Altai Mountains, is 17 inches, that of Peking 
being 24 inches; so that the rain-fall of ~he elevated plateau of Eastmn 
Asia and of Colorado is nearly the same. Again, the annual rain-fall 
of the Alps on their southern slopes is from 60 to 90 inches; here we 
have quite similar conditions to those of the Cascade range in Oregon. 
These facts seem to explain the corresponding facts in the variation 
of the moths in the table given below. The warmer and more humid 
Pacific slopes of America cause a more luxurious growth, a greater 
development of the peripheral parts of the body, and slight changes in 
coloration. 'l'he climatic conditions of the Rocky Mountains and Alps 
being more alike than the White Mountains and .Alps, we have certain 
identical features in the variation of the alpine species of moths of those 
two ranges of mountains which are not found in comparing \tVhite 

. Mountain and Labrador specimens with those from the .Alps of Europe.* 

New England. Labrador. Colorado. 

Pterophorus dnereidacty Ius .. . 
Larent.ia caosiata .. . ... . ...... .. 
Larentia cumatilis * .. ........ . 
Cidaria truncata t . .......... .. 

Wings shorter . . . . . . . . . . .. .. . . .................. . 
Smaller .. .. . . Smaller .. . . .. Larger . ......... .. 

~:~u:~ :::::: ·s~~il~~- ::::: :- -~~-~~~-_.-::::~.: ::: 
Cidaria lup;ubrata .... .. ...... .. 
Cidaria abrasaria t .. ........ .. 
Scotosia dubitata ............ .. 

~tuuted .. .. .. Stunted . .. .. . Larger ....... . .. .. 
Smaller .... .. Smaller ........................ .. 
Smaller and Smaller ........................ .. 

Pacific coast. 

Wings longer . 
Larger. 
Larger. 
Larger. 
Larger. 
Larger. 
Larger and darker. 

·paler. 
Camptogramma fluviata, ~ .. .. Smaller .. .. .. . .. .. . .. . .. . . .. . .. .. .. • .. . . . . . .. . .. Larger. 
Macaria dis puncta . .. .. . . .. . . .. Smaller .. .. . . Stunted .and .. .. .. . .. • .. . . .. .. .. Larger and paler. 

darker. 
Eumacaria brunnearia . . . . . . . . . Smaller Larger 

i~ii:acll~b~~~~r·i~- § -_-_::::~ ~ ~-- ~:~U:~ :::::: ::: :::~:~~::: :: -~~~-~~~:: :::::::~ :: Larger. 
Tephrosia canaclaria II t: ....... Smaller .. . . .. .. . .. .. . .. .. . .. . . . ..... . 
Drasteiia erechtea b ........... Smaller ..................... i~~g~r: _: . . . : ... : ~ Larger. 
Plusia Hochenwarthi .. .. .. .. .. . .. .. .. .. . .. .. . Smaller, with Larger, with highly Larger and highly 

faded whitish colored yellow co1ored. 
hind-wings. hind-wings . 

.Agrotis Islamlica.... . . .. . .. .. . .. .. .. . .. .. . .. . Smaller .. .. . . Larger ; bleached . 
Lithosia argillacea ... . .. . ...... Smaller ......................................... I~arger. 

*Seven out of t en Colorado and Californian examples (length of fore-wing, 0 , 0.62 inch) are consider
, ably larger than three eastern examples from N ew York antl Maine (0.55 inch). 

t Three specimens from Iceland are darker than four from Labrador, and show great variation. 
Lal>rador and White Mountain specimens the same. .All are smaller than those from th·e Pacific coast. 
In specimens from San Diego, Cal., the wings are much broader than in Vancouver I sland ones. Length 
of fore-wing in t.hree Iceland speeimens, 0.()1 inch; four L~brador, 0.64 inch ; eight White Mountain, 
0.64 inch; three Vancouver Island, 0.70 inch; two San Diego, 0.76 inch. This species varies much as 
Macaria dispuncta. • 

t This species also varies in the same way as Macaria dispuncta and Oidaria tnmcata. Two Lapland 
individuals are much smaller and darker than two Labrador and one White Mountain; and the latter 
are smaller and slightly darker than seven from Vancouver Island. Length of fore-wing in largest 
Lapland moth, 0.50 inch; Labrador, 0.54; Vancouver Island, 0.64 inch. 

§Five o Californian examples (0.90 inch) arP much larger than six from New England and Illinois, in 
which the fore-wingin the largest specimen is 0.77 inch long. The Californian moths have the notches 
and points much better marked on both pairs of wings than in eastern examples. 

II Two Californian moths (O.EO inch) are a little larger than eight from the .Atlantic States; (length of 
fore-wiug, O.Stl inch). 

**On comparing 100 specimens, the California and Oregon examples measure thus : Length of longest 
fore-wing, 0.97 hoch; of New England examples, 0.82 inch. 

It will be seen from the facts here presented that the moths probably 
follow, as regards size, a law the reverse of that established by Profes
sor Baird t for the birds and mammals, who shows that they decrease in 

* In this connectiOn we may state that it would be very desirable to notice what 
changes, if any, have been induced in European species int roduced by man into the 
Moravian settlements of Labrador. 

t ''The distribution and migrations of North American birds," Amer. Journ. Sc., 
xii, Jan. and March, 1866. See also J. A. Allen, Bull. Mus. Comp. Zool., ii, 1871, ''On in
dividual and geogra.phicn,l variation among birds~ &c.; and R. Ridgway, ''On the rela
tion between color and geographical distribution in birds as exhibited in melanism and 
hyperchromism," Amer. Jouru. Sci., iv, Dec., 1872, p, 454; v. Jan., 1873, p. 39. 

35 G S 
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size southward, though his law of increase in the length of certain p~
ripheral parts westward also obtains in the .Lepidoptera,. The increase 
of size westward, as seen in th.e table on p. 541, is of course equivalent to· 
the well-known southward increase of size in insects; though in a few 
species the Coloradian and Californian examples are larger than Flori
dan or Texan insP-cts of the same species. 

The Esquimaux of the Pacific coast ~how the effect of the difference of 
climate: being mucll taller and larger than the stunted Greenland and 
Labrador 'Esquimaux. Mr. W. H. Dall, in his "Alaska," remarks that 
h the average height of the Orarians [Inn nit, Aleutians, and TuskiJ., 
except among the stunted tribes of the extreme north, win · average as 
great as that of their Indian ueighbors." Even the white inhabitants who 
have moved to California from the Eastern States are said to find . the 
climate more favorable to health than in the Atlantic States. Cultivated 
fruits are well known to grow larger and more luxuriantly in the Pacific 
States than in the Atlantic, whence they have been brought. 

As regards the causes of these climatic changes, I finLI. I have, with
out having previously read Mr. Allen's valuable chapter on this subject 
( loc. cit., 239). written the foregoing remarks on the relation of the climatic 
variation of the~e insects to the temperature and humidity of the region 
tbeyinhabit, which agree with his views. Of the insects above mentioned, 
Pl1tsia Hochenwarthi and Agrot-is Islandic(~ are ilhe clearest examples (1} 
of the increase of size westward and southward; (2) increase in length of 
peripheral parts westward; (3) brighter, deeper colors westward; (4 Agro
t-is lslandica) of brighter, more reddish colors in Pacific-coast specimens 
than in those from the more elevated portions of the Rocky Mountains, near 
the snow-line, where the winters are arctic, i.e., cold and dry, those from 
the Alpine summits of the interior being bleached. Tbis law should not 
be confounded with that established by the ornithologists, which refers 
to the bleached appearance of individuals from the dry, hot plateau of 
tbe interior, or middle zoological pro\7ince of North America. These 
facts ih the geographical distribution of insects, thongh they carr hardly 
be called laws until confirmed by a greater number of data drawn from 
all orders of insects, yet illustrate, to my mind, how far climatic 
variation goes as a factor in producing primary differences in fau:nas 
within the same zone of temperature. ·Varietal, and, in some cases, spe
cific, differences may have arisen in Asia and Europe and in Arnerica, 
from the climatic causes above stated; but these must have been largely 
inoperative in causing, for example, tile present wide distribution of the 
circumpolar species. Here continuity of land, geological and not climatic 
causes, alone came in as a factor. Aud so, on the other hand, in account
ing for the species and types of genera, distinguishing faunas in zones 
of simi lar temperature, geological causes have been the main factor 
in their production. For example, we cannot explain the similarity 
between the insect-fauna of the Paeific States and Colorado, and that 
of Eastern Europe and Oentral Asia without supposing the original · 
migration of those identical generic forms from a l\iesozoic and Tertiary 
continent in the arctic region, and their preservation through similar 
climatic and physical causes in their present areas. 

Ia an essay on the geographical distribution of the Phalmnidm of 
California,* I divided the phalrenid fauna into four groups. To the 
second of these groups, embracing species of genera found in Southern 
and Eastern Europe and Western Asia and Asia Minor, can be added 
the following species (which live in part both in Colorado and California): 

*American Naturalist, vii, 453,1873. Proceedings Bost. Soc. N.H., Jan., 1874, xvi, 13. 
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Lithostege tr·ise'riata (Colorado and California); L. rotundata (California); 
• Lobophora montanata (Colorado); Euaspilates spinataria (Colorado); Pha

siane Meadiana (Colorado); Acidalia quinque-linearia (California and 
Colorado); and Caulostoma occiduaria (Colorado and Oregon). Each of 
these species have representatives which do not occur in Eastern North 
America nor in \Vestern Europe, i. e., on the Atlantic coast, but in 
Central and Southern and Eastern Europe and Asia Minor, Turkey, and 
Westerh Asia, but not in India ·or Eastern Asia, i.e., Cbin.a or Japan, 
so far as yet known. Now, to account for t)his cot~munity of generic 
types in regions so remote~ we must suppose that the nearl,y identical 
general climatic feat.nres of those two areas favored the preservation of 
these generic forms, which are almost exclusively north temperate, 
and characteristic of broad, elevated plateaus in the interior of the 
two continents. These forms are not of tropical origin, and I cannot 
account for their origin otherwise .than from an ancient arctic continent. 
The fauna of the Eastern Atlantic States is, as regards the continent, a 
littoral assemblage, and thus equivalent to the fauna of Eastern Asia 
(i. e., Japan and China and India), which occupies the reg·iou bordering 
the Pacific Ocean. Whatever may be our theories regarding the origin 
of these great zoological regions,* we have similar regions with analogous 
(i. e., having the same generic) types in Asia and Europe comhined, 
dividing the north-temperate zone into six zoological (and probably 
botanical) divisions, with analogous geological and meteorological fea
tures; and to account for closely similar· features in moths inhabiting the 
elevated plateaus of Colorado and California and Central Europe and 
Asia, we can only say that the similar climatic features of those regions 
haxe indu9ed their preservation there and · extinction elsewhere, while 
originally descended from a common stock, which had its origin to the 
northward. I imagine that much the same continuity of life existed in 
Mesozoic and Tertiary times in the ancestors of these north-temperate 
forms, as now exists in the circumpolar fauna, and that in fact this north
temperate fauna of the globe was in Mesozoic and Tertiary times the 
then circumpolar fauna. 

It will be seen by the present list bow largely we have been able to 
add to the range of circumpolar forms, by a glance at the tables pre
ceding. Those tables, which show how limited is the distribution of the 
moths there mentioned in alpine regions south of the polar regions of 
America and Europe and Asia, which form small "islands" rising out 
of the north-temperate zone, evince the degree of change undergone 
by the circumpolar fauna since the wane of the glacial period. It shows 
the inadequacy of climatic causes within the present geological period 
to account for the origin of any except varietal, and, in some cases, spe-
cific forms. Many of the forms, the study of which bas led me to these • 
reflections, I have at first regarded as distinct species, and in some cases 
described them as such, but I fully agree with Mr. Allen's practice of 

. uniting many so-called species, whenever we can find connecting links. 
It is of the greatest importap.ce to follow circumpolar and north-tem
perate faunas around ·the globe, from continent to continent, vdth ample 
means for comparison before us. It will then be seen bow inadequate 
must be ou:r views of the geographical distribution of the animals and 
plants of our own continent, without specimens from analogous regions 
in the same zone in the Old World. It will be found . that for the study 
of our insect-fauna of the Rocky Mountain and Pacific States we must 
have ample collections from the Ural an"d Altai Mountains and sur-

, *The Eastern, Middle, and Western North . American, as limited by Professor Baird 
(Amer. Journ. S,·., Jan., ltl65,p. 5,6). 
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rounding plateaus, while a study of the Japanese and Hindoo-Chinese 
faunas must accompany examinations of the eastern or Atlantic faunas; 
just as we are daily obliged, while examining the Middle American 
temperate fauna, to study West Indian and Central American and even 
tropical South American forms, some of which spread as far north as. the 
headwaters of the Mississippi and even 1\'Iaiue and Canada. 

TORTRICID1E. 

A larva of this family, with a :flattened, pale, :flesh-colored body, aritl 
.pale, testaceous head and prothorax, length, 0.40 inch. occurred at an 
elevation of above 12,000 teet (Lie~tenai1t Carpenter). 

PYRALID1E. 

Orambus Oarpenterellus n. sp. (Fig. 1, wing enlarged), 5, t; 3, ~; 'a 
huge species, allied in its style of markings to 0. agUa.tellus, Clem., of 
the Eastern States. Head, thorax, and pal pi ta\\ ny ochreoli's; ab
domen and bind· wings white; tore wings with a broad, prominent, 
longitudinal, white streak, occupying the discal area, i. e., between the 
subcostal and median veins, extending from the base of t.he wing ratlrer 
nearer the outer edge than in 0. agitatellus. Just befom the entl of the 
streak, a. linear, minute branch is sent off from the costal side, and from 
the middle of the lower side a short snag is sent off, with a dark streak 
in continuation; while along the opposite side is a dark streak. There 
is no parallel white costal streak~ as in G. agitatellus. Below the white 
streak, the wing is clearer yellow than elsewhere. The outer transverse, 
angulated, silvery-white line is somewhat as in 0. agUatell'lts, but nearer 
the edge of the wing. and bent angularly, and not incurved below. the 
beud. The line is bordered on each side by two oblique costal lines, 
widening on the costa; apex brown, with a white triangle below; still 
below a marginal row of about six distinct black dots; within the 
transverse white line the usual parallel golden lines; fore wings 
beneath dusky ; bind wings much paler. 

Length of body, 0.44 inch; of fore wing, 0.55 inch. 
Mountains of Colorado, July 19, August 12, September 8 (Lieuten

ant Carpenter). 
This fine species, named in honor of Lieut. W. L. Carpenter, U. S. A., 

who has done much to add to our knowledge of the lepidopterous falin:a 
of Colorado Territors, particularly the more elevated portions, appears 
to be a common species. It is allied · in the general style of markings to 
0. agitatellus, Clem., of the Eastern States, but differs from it in wantiifg 
the costal white streak ; in the submarginal white line being bent angu
larly, not sinuous below the bend; and in being nearer the outer edge of 
the wing. I have no Californian species with which to compare it. It is 
still nearer allied to 0. hamell·us, of Europe. . 

Orambus, a species allied to G. mutabilis, Clem., but not in a proper 
condition for description, occurred at Fair Play, July 16 (Lieutenant 
Carpenter). The same species apparently occurs in Oregon (Museuin 
Peabody Academy of Science, Salem, Mass.) 

Another, smaller species, dark slate-colored, with dark hind win·gs 
occurred at Twin Lakes and on the mountains of Colorado, July 22 
to August 12, (Lieutenant Carpenter). 

Nomophila noctuella, Schiff,_:_One specimen was taken at Fair Play, 
July 16 (Lieutenant Carpenter), which does not differ from specimens 
from Oregon and California and the Eastern States. The occurrence of 
this species -among the mountains of Colorado is additional evidence 
that it is autocthonous in North America. 
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Family PHAL..ENIDJE. 

Baptria albofasciata, Grote.-" Pike's P.ea~" (Grote). It may here be 
said that fqur Baptria albovUtata, Guen., from Victoria, Vancouver 
Island, do not differ in size Of coloration from eastern examples. 

Lithostege triseriata., Pack. (Rep. Pea b. Ac~d. Sc., 187 4).-Denver City, 
Col., June 3, 27 (T. L. Mead).-Tbis is the first occurrence of this genus 
in America. Another species inhabits California. 

Larentia. cresiata, S. V. ( Cida.ria aura.ta., Pack., Proc. Boston S. N. H~, 
XI, 51, 1867).-Vicinity of Georgetown, 8,000 or 9,000 feet elevation, 
Colorado (T. L. Mead). Tbe Colorado examples expand from 1.45 to 1.55 
inches; the markings just as in J.Jabrador and vVhite Mountains (New 
Hampshire) specimens, though with perhaps more golden scales- The 
Labrador specimens are a little stunted, expanding from 1.40 to 1.45 
inches; they agree with specimens from Iceland as to general appear
~nce aod size, but are not quite so dark and have more golden-yellow 
specks. I have seen no specimens from this country or Labrador witb. 
such clear markings as in those received from the Austrian Alps, t.hough 
the American specimens are rubbed. In size, the Colorado individuals 
resemble the European ones. Near Turkey Ureek Junction. 

Lobophora m.ontanata, Pack. (Rep. Peab. Sc., 1874).-Co]orado, June 28 
(T. L. Mead). This very interesting species is closely related to L. ha-l
terata, w hicll occurs in Central arid Southern Europe and Middle Lap
land. It is also closely allied to L. carpinata, found in Central and 
Southern Europe as well as in Eastern Siberiat the U ralMountains and 
Amur. · 

Cidaria populata (Linn.)-One specimen occurred in tbe vicinity of 
Berthoud's Pass, Colorado, 12,000 to 13,000 feet elevation, Augm;t 16 
(T. L. Mead). On comparing this single example with specimens from 
Massacbtlsetts, tbe vVLite 1\'Iountains of New Hampshire, and several 
from Vi~toria, Vancouver Island (G. R. Crotch, Mus. Comp. Zool.), it 
differs .in there being three well-marked te€th in the outer edge of the 
:median band; the inner edge above the median vein is jagged instead 
of straight as usual, while the coloration is the same. I have bad no 
European specimen for comparison, but it agrees with figures. It occurs, 
however, in Labrador (Moeschler). In Europe, it occurs in the central 
and southern pOI tions and in the Ural and Altai Mountains and Amnr. 
. C. lugubrata., l\1oeschler ( 0. nttbilata, Pack., Proc. Bost. S. N.H., 18G7). 
]\fountains of Colorado, July 19, September 8 (l.Jieutenant Carpenter); 
DtJnver City, Col., June 1, ('r. L . .Mead); California (H. Ed wards); Vic
toria, V G~ncouver Island (Crotch., M. C., 2). Though my Labrador speci
lJlen differs somewhat from lYioescbler's description and figure, yet I am 
.inclined to unite it with C. lugubra.ta. I ba ve before me a. specimen from 
Mount Marcy, New York (August), and 1.\fount vVashingtou, Ne'v Hamp
shire (Sanborn), and numerous specimens from California and Vancouver 
Island. 'Ibeextrt>mesarepresented bs the Labrador and Vancouver ·Island 
examples. ThePaeific-coastformsarelarger, blacl{C!.', the fore. wings more 
~Ion gated tmvard the apex than the eastern ~;~peeimens, much as observed 
in Jfaca-ria d-ispuncta (Walk.), in which the Labrador individuals are 
stunted, while the west-coast (Vaneouver Island) specimens are larger. 
They are paler, however, than the Labrador and New England individu
als. The Colorado O.lugubrata scarcely differs from the Californian and 
Vancouver Island ones. My Labrador individual (well preserved) has 
~lready been described. The Adirondack (Mount .Marcy) one is very 
similar, but differs in being of a peculiar reddish-brown tint, especially 
along the costa and veins. The outer line between the costa and median 
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vein is angulated outward, instead of curved regularly outward as in 
the Labrador example. The Adirondack is very near the Labrador one, 
though a little browner along the veins. In the Colorado and Pacific 
specimens, the outer line near the costa is scalloped four or :five times. 
The middle band of the fore-wings is much darker than the rest of the 
wing; the inner and outer portions being much paler than in the eastern 
examples. Expanse of wings of Colorado and Vancouver Island speci
mens, 1.43 inches; of Labrador and alpine Eastern United States, 1.25 
inches. 

In the general style of markings, this species closely resemble3 O.popu
lata, as remarked by Moeschler. I do not much doubt but that both 
have come from a common stock; lugubrata being perhaps origina1ly 
derived from a melanotic variety of populata. 

0. testata, Linn.-Bailey's ranch, on South Park road, twenty-five 
miles from the park ; elevation, 8,000 or 8,500 feet; Colorado, August 
29 (T. L. Mead); also occurs in Massachusetts (Shurtleff). This does 
not seem to differ from :figures in English works, but still needs to be 
compared. It occurs in Oentral and Southern Europe, Ural Mountains, 
Altai Mountains, and Amur. 

Melanippe hastata (Linn., ltl. gothicata, Guen.)-The single individual, 
taken at the Kenosha House~ Colorado, June 30, by Mr. Mead, has larger 

. white bands and spots than any Alaskan specimen I have seen, and 
exactly agre~s with certain Labrador specimens, and is unlike any I have 
seen from any other reg-ion. 

JJf. tristata, (Linn.)-Three specimens, Beaver Creek, near Fair Play, 
South Park~ at tbe border of the surrounding mountains, elevation, 9,000 
feet, or a little over; and Turkey Creek Junction, Colorado, June 16-25, 
do not differ from European examples received from Prof. P. c~ Zeller. 
This is its first occurrence in America. It occurs in Central and South
ern Europe and Turkey, and is reported by Staudinger, with a query, from 
tbe Ural Mountains and Amur. . 

M, lugubrata (Staudinger)~ (M. luctuata [S. V.], Oidwria obductata, 
Moeschler, Wiener Ent. Monatsscb; M. concordata, Walk.(!); M. Kodia
kata.; Pack.)-Turkey Oreek Junction, Colorado, June 27 (Mead). Com
pared with an Alaskan example, the Colorado moth is larger, with the 
white band on the hind-wings three times as wide, thus leaving a uarrow, 
dark margin, and a faint dusky shade at the base of the wing. l bad 
regarded the Alaskan and Maine specimens as quite distinct, and the 
latter as distinct from the Labrador var. obductata; but a Pacific-coast 
specimen, just received from Mr. James Behrings, labeled "Kenay'' 
(near Kodiak, Alaska), is intermediate between vars. Koij.,iakata and ob
ductattt. The Pacific-coast individual has the white band on the fore
wings much bent, as in Maine specimens, and the hind-wings almost 
black, as in Ooncordata; the white line being almost obsolete. The Lab
rador individuals are more stunted than the Maine oues, but both have 
black bind-wings; while the Pacific-coast and Colorado. examples are 
much whitt>r, with broader white bands. The Alaskan moth closely 
resembles Duponchel's figure. Thus the Pacific and Colorado forms re
semble the European much more than the New England and Labrador 
examples. It inhabits Central Europe, Lapland, the Ural and Altai 
Mountains, and Amur. It is reported by Grote as having been collected 
by Kennicott on the Mackenzie River to Lake Athabasca. 

Ooremia lignicolorata, Piwk.-Turkey Oreek Junction, Colorado, Au
gust 24 (Mead). These specimens do not differ from Californian exam·
ples. It is pale-gray as a ground-color, while most of the Californian 
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moths are of the color of pine-wood which bas been long unpainted; 
this may, however, be due to their state of preservation. 

0., sp.-Perhaps defensaria, but too much rubbed for identification, 
occurred at Twin Lak..es July 16.:_27, and in the mountains July 19, Sep
tember 28 (Lieutenant Carpenter). 

C. ferrugata, Clerk.-One J, Bear Creek, J nne 24 (Lieutenant Car
penter). 

Phibalapteryx intestinata, Guen.-Colorado divide, June, 1 9 (Lieuten
ant Carpenter). 

Hypsipetes Oaliforniata, Pack.-Kenosha House and Turkey Creek 
junction, Colorado, June 18, 21 (Mead). Some fresher specimens than 
those received from Mr. H. Edwards from California, are much paler; 
the median band whitish; the reddish band on each side very distinct; 
the hind-wings are almost whitish, with a faint diskal dot, and a faint 
band about half-way between the dot and the outer edge of the wing. 

Scotosia ]}feadii, Pack. (Rep. Pea b. A~ad. Sc., 187 4).-N ear Turkey 
Creek junction, Colorado, August 23 (Mead). This is structurally allied 
to S. OalifoTniata, Pack., but differs in the longer fore- wings, while the 
sca.Uops on the hind-wings are larger and shallower. 

ZeTene catenaTia, (Cramer), (Fig. 2).-0ommon at Plum Creek, Sep
t.em her 22, 25. In coloration, the ten specimens collected by Lieutenant 

· ' Carpenter do not differ from eastern specimens; but on comparing 
them (5 J '; 5 <;?)with fifteen (59 ; 10 ~)specimens from Massachusetts, 
I found that the wings of the Colorado moths were uniformly more' 
pointed toward the apex, t.he outer edge more oblique, and the wing 
narrower than in the eastern examples. The fore-wing of the largest 
Colorado moth measured 0.95 inch, and that of the Massachusetts speci-
men 0.90 inch. · 

Aspilates quadrifa.csciaria, Pack. (Fig. 3).-This interesting form is not 
known to inhabit Colorado, but lives in Kansas, whence I have received 
it from Professor Glover, entomologist of the Agricultural Department, 
at Washington, and Professor :F. H. Snow, Lawrence, Kans. · It is a 
pure white moth, flecked with ochreous scales, with four slightly oblique 
parallel bands on the fore-wings. 

Platcea Califon~iaTia, H. Sch. ( Gorytodes uncanaria, Guen).-'' Pike'8 
Peak" (A. R. Grote). 

Euaspilatessp'inataria, Pack. (Fig. 4), (Rep. Peab . .Acad. Sc., 1874).
This very interesting form may be recognized b,y its pure white body 
and wings, with peculiar pale-brown bands on the anterior wings; also 
by the full bulging bead, t,he short palpi, and especially by the stout 
spine at the base of the anterior tibioo. I have received it from Mr. 
Grote, from Colorado. It is very nearl.}~ allie<I to, and repeats the style 
of markings and colors of Aspilates munclataria,, Cr., which differs 
generically from the other species of Aspilates. This latter species is 
recorded in Staudinger's catalogue as occurring in Russia, Amur, and 
the Altai Mountains. The occurrence of a, representative species in the 
mountains of Colorado is another interesting fact in the geographical 
distribution of this family of moths. 

Fidonia. acidaliata, Pack. (Rep. Peab. Acad. Sc., 1874).-Tbis singular 
form at first sight would be mistaken for an Acidalia, and differs from 
the ordinury forms of Fidonia in the long, slender palpi and the very 
slightly pectinated antennoo. Mountains of Colorado, August 12-29 
(Lieut. W. L. Carpenter). More numerous specimens were collected by 
::1\fr. T. L. Mead, August 7, at a locaJity twelve miles below Montezuma, 
Colo., on Snake River, Middle Park, Pacific slope; elevation niost likely 
9,000 to 10,000 feet. 
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Selidosema juturnaria, Guen., var. Oaliforniaria, Pack.-My single 
specimen from Colorado (collected by Mr. Ridings) is in some respects 
intermediate between S. juturnaria and my types of S. Californiaria, so 
that I wonld consider the latter as simply a variety. In the Colorado ~ 
example, the outer line on the fore-wing is bent very distinctly; the hind
wings beneath not mottled, but tinted obscurely with reddish pink, like 
the under side of the fore-wings. There is also a faint band common to 
both wings. 

Phasiane sinuata, Pack.-Mountains of Colorado, July 22, August 12 
(Lieut. W. L. Carpenter). 
· P. Meadiar·ia, Pack. (Rep. Pea b . .A cad. Sc., 187 4).-This species is named 
after its discoverer, Mr. T. L. Mead, who captured it June 1, at Denver, 
Colo. It differs from all the other species by the two blackish, shortened, 
sinuous lines, the outer one shaded externally, and in the body and wings 
being flesh-colored, almost reddish. The fore-wings are rather short, and 
the antennre densely ciliated. It is closely related toP.Rippertaria,Dup., 
of Europe. 

P. excurvaria, Pack.-In this species, all.the lines are dusky, with no 
yellowish shade ; the species derives its uame from the outer line being 
curved outward. "Rocky Mountains" (A. R. Grote). 

P. jl£wojasciata, Pack. (Fig. 5).-0ne ~ specimen of this species, here
tofore only described as inhabiting California, is contained in the 
museum of the Peabody Academy of Science, having been collected in 
Colorado by Mr. Ridings. It is well preserved, and differs but slightly 
from one of my Californian individuals. The markings are much the 
same; it is slightly darker, the outer line on fore-wing slightly narrower; 
the discal dots are the same. -The under side of the wings is distinctly 
mottled and strigated, with a clear, mouse-colored, broad, marginal 
shade, free from the strigm. 

Length of body, 0.42 inch; of fore-wing, 0.58 inch. 
Marmopteryx tessellata, n. sp. (Fig. 6).-1 ~ . Compared with M. mar

morata from California, its nearest ally, the fore-wings are rather 
narrower, and the outer edge more oblique, while the apex is more 
pointed. The head is exactly as in that species; the front being full and 
bulging. Head and thorax pale-gray, with a reddish tiuge. Palpi 
blackish at tip. Front of head with a slight yellowish tint, reddish be
tween the an tennm. A dark streak on each side of prothorax, and a 
long, narrow, dark-brown slash on the patagia. Both wings of a rich 
golden·yellow, with dusky slate-brown margins. Fore-wings, with the 
costa, pale slate-color, checkered broadly with five large, square, white 
spots, and two minute, whitish, linear spots near the apex. Outer edge 
dusky, the dark margin narrowing toward the inner edge. Fringe very 
long and slate-colored, checkered COIJSpicuously with white. Hind-wings 
like fore-wings; the costa is narrowly edged with slate. Beneath, the 
wings are brightly colored; the anterior pair dull golden-yeUow, with 
a reddish tinge on the costal side. Borders of the ring checkered very 
conspicuously, as above; the apex, however, whitish. Hind-wings pale 
fawn-cotor.ed, marbled with white, with a costo-apical, oblong (trans
versely) white spot, and a large square white spot in the middle of the 
wing below; costa marbled with whitish; abdomen pale fawn-color, 
like the thol'ax. · 

Length of body, ~, 0.45 inch; of fore wing,~, 0.64 inch . .Arizona
(Dr. Palmer, Department of .Agriculture). · 
. Though this species is described from Arizona, it may be confidently 

looked for in Southern Colorado. The species is so remarkable, that 
I Yenture to describe it from a single inuividual. It may be readily 
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11ecognized by its :rich, golden-yellow wings, the checkered costa of 
the anterior pair, and the broad, dqsky margin of both wings, while the 
hind-wings beneath are beautifully marbled. 

Macaria Californiata, Pack. (Fig. 7).-This common Californian species 
has also been collected by Mr. Ridings in Colorado, and by Prof. F. N. 
Snow in Kansas; it is also· frequently taken in Texas. 

M. dispuncta, Pack. ( Tephrosia dispuncta, Walk.; Macaria sex-maculata, 
Pack., Proc. B. S. N.H., 44, 1867). One individual was collected in Col
orado by Mr. Mead. It is rather larger than specimens from Victoria, 
Vancouver Island, collected by Mr. G. R. Crotch, and is much darker, 
being much as in eastern specimens. The lines on the fore-wings are 
rather broad, and the dark, broken spot in the middle of the wing, near 
the outer edge, is obscure and united to form a faint patch. The hind
wings are without an:r submarginal shade, as in some eastern examples. 

I am disposed to regard my M. sex-maculata from Caribou Island, 
Labrador, Straits of Belle Isle, as a variety of this sp~cies. It is very 
closely allied to it. It is rather smaller than usual ; the fore- wings 
tinted with an obscure olive-gray, while the hind-wings are uniformly 
ochreous-brown, not mottled with whitish as usual; the costal spots on 
the fore-wings are rather large. It chiefly differs, however, in · having a 
large brown spot in the course of the median line next to . the usual 
large brown spot, the two forming twin-spots. Beneath, it does not 
differ from other examples from Maine. The specimens from Norway, 
Me., closely resemble the Labrador form, in having the inner spot I;~Juch 
enlarged, though otherwise of the typical mode of coloration. 

Two males and two females from Vancouver Island, collected for the 
Museum of Comparative Zoology by Mr. G. R. Crotch, are rather larger 
than the average of our eastern specimens, with longer wings; but they 
do not materially differ. One specimen scarcely differs from an indi
vidual from New York. They are, however, rather whiter than usual, 
with the submarginal band nearly obsolete. All have the inner division 
of the median dark patch on the fore-wing broad, thus exactly resem
bling the New York example, though not so well marked as in the 
Labrador specimens. Beneath, the common, broad, submarginal band 
is ochreous and nearly obsolete. It is interesting to notice how the 

· species varies away from its apparent geographical center, the North
eastern States. In Labrador it grows much smaller, is stunted and 
darker; while at Vancouver Island, about one hundred an<l fifty miles 
farther south in latitude, it grows rather larger than in the Eastern 
States, with the wings decidedly more elongated and paler. This spe
cies is very common in the New England States, Norway, Me. (S. I. 
Smith, Mus. Comp. Zool.), Cambridge, Mass. (Mus. Comp. Zool., A . 
.Agassiz), and occurs at London, Uanada (W. ::::aunders, Mus. Comp. Zool.) 

Macaria enotata, Gueu.-Thisspecies, though only recorded heretofore 
from Brazil, Surinam, and Cayenne, occurs in the Northeastern States 
and in Kansas, whence I have received it from the mu~eum of the De
partment of Agriculture at Washington, through Prof. T. Glover. It 
will undoubtedly occur in Colorado. 

Eumaca.ria brunnearia, Pack.-Head of Plum Creek, June 29 (Lieuten
ant Carpenter). The larger of ten eastern an<l Texan specimens measures 
0.48 inch on the fore-wing, while the single Colorado one is 0.53 inch. 

Corycia vestalia,ta, Guen.-Colorado (Hiding~); near the South Platte, 
June 28 (Lieut. W. L. Carpenter) . 

.Acid alia Oaliforn,~ata, Pack.-Moun.tains of Colorado, July 22 to August 
1~-29 (Lieutenant Carpenter) ; banks of Blue River, Middle Park, ele-. 
vation about 9,000 to 10,000 feet (Mead); Colorado (Mr. Hidings). llav-
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ing received additional specimens of this species from California through 
Messrs. Ed wards and Behrens, I am led to regard A. Pacificaria, 
Pack., as a synonym. 

Acidalia quinque-linearia, Pack.-Colorado near Denver, and near 
Ken osha House on the South Park road, four miles from the park ; 
elevation 9,000 feet; Colorado (Ridings). This species, also common in 
·California, is closely related to A. strigilaria from Central and Southern 
Europe, Russia, and Amur. 

Caulostoma occiduaria, Pack. (Rep. Pea b. A cad., 187 4), (Fig. 8).
This interesting species, the first of the genus ~7et observed in America, 
is closely allied to C. flavaria, which is reported in Staudinger's cata
logue as occurring in Galicia, Hungary, Southern and Eastern Turkey, 
Middle Russia, and Armenia. I have received it from Colorado, where 
it was ~ollected June 3, near Denver. by Mr. Mead, and also near Pike's 
Peak by Mr. Ridings. I have also an example collected in Oregon by 
Mr. W. G. W. Harford. 

It differs from· the European flavaria in having bnmder wings, both 
pairs being much less excavated on the outer edge. The antenn::.e are 
much the same, and the markings similar in the two species. The body 
and wings are deep lemon ,yellow, with four nearly equidistant brown 
spots on the costa of the anterior pair. From the third spot arises a 
broad, diffuse, sinuous, brown shade, extending in the hind-wings and 
'forming a slightly-curved median band. · 

Angerona crocataria, F abr.-This species occurred in considerable 
abundance at the head of Plum Creek, June 29. It does not differ from 
Massachusetts specimens (Lieutenant Carpenter). 

E-nnornos Coloradia, G. and R.-'' Uolorado." (Grote}. 
Caberodes majo'raria, Guen.-Head of Plum Creek, June 29 (Lieu

tenant Carpenter). 
Endropia vinosaria, G. and R. (Fig. 9. )-Colorado Springs, July 4 

(Mead). 
Family N OCTUID1E. 

Several of the more difficult forms of this family have been kindly 
identified by Mr. A. R. Grote. Only those species collected by the sur-
vey are noticed here. . · 

Catocala W alshii, Ed wards.-:A specimen was collected at Clear Creek, 
Septern ber 20, by Lieutenant Carpenter. 

Erebus odora, Latreille.-Three ~pecimens at the Colorado divide 
(Lieutenant Carpenter). 

Plusia Hochenwarthi, Hochenw. (P .. divergens, Fabr. P. alticola, Walk.; 
P. ignea, Grote).-This species has been identified by Mr. Grote as 
Walker's P. alticola; on comparing m,Y specimens (which were collected 
in the mountains of Colorado, July 22 to .August 12, by Lieutenant 
Carpenter), however, with one labeled "P. di·vergens, Alps," sent me by 
the Vienna museum, I find but slight differences, scarcely varietal. It 
is also identical with specimens obtained by me at Hopedale, Labrador. 
While the European and Coloradian forms are nearly identical, that 
from Labrador ·might by some be regarded as a distinct species. It is 
much smaller than the European form, much faded and bleached out. 
The markings on the fore-wings are much the same, but the forks of 
the silvery spot are lost in the pale costal margin. There is no yellow 
tinge on the hind-wings; they are white, dusky on the basal half, and 
with a broad marginal band, th~ inner edge of which is indistinct. 
Length of fore-wing, 0.48 inch. 

Ten Colorado individuals compared with one from the European Alps 
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are larger, with the yellow on the hind-wings deep orange, being much 
higher colored than in the European. The body of the European is 
nearly as large, but the wings are shorter and smal!er. The European 
example also differs in the smaller silver spot, in the line across the 
wing just beyond the silver spot being more curved just below the coflta, 
and in the smaller veniform spot; but in both of the former characters 
there is a slight amount of variation in lbe Colorado specimens. . 

One European example, J , length of body, 0.63 in'ch; length of fore
wing, 0.53 inch. 

Ten Colorado examples, J, length of body, 0.65 inch; length of fore
wing, 0.60 to 0.63 inch. 

In Europe, this species bas been foundin the .AJps, Scandinavia, and 
Lapland. 

Tarache candefacta, Hiibner.-Head of Plum Creek, June 29 (Lieu
tenant Carpenter). 

Heliothis armigera, Hiibner.-Foot-bil1s of Long's Peak, May (Lieu
tenant Carpenter). 

Hydrmcia lorea, Guen.-Bead of Plum Creek, June 29 (Lieutenant 
Carpenter). 

ltlamestra picta, Harris.-A larva occurred in the alcoholic collection 
(Lieutenant Carpenter). 

ScoliopteTyx libatrix (Linn.)-This was collected by Lieutenant Car
penter in the Rocky Mountains of Wyoming in 1872. It has also been 
found by Kenuicott on the Yukon River (Grote). 

AgToi'is Islandica, Sta~dinger (Stettin Ent. Zeitung, 232, 1857), (Fig. 
10).-8 6; 2 ~. This fine species is allied in its form and structure, in 
the strongly-ciliated antcnnm, the tufts on the prothorax, and in the form 
of the wings to A. subgnthica, Haworth, and less strongly to A. jaculifera, 
Guen. Male anteunm stoutly ciliated to near the end. Palpi rnueh as 
in A. subgothica; third joint rather stout, lilac-gray, like the bead, black
ish along the upper side and on the end. Prothoracic scales light tawny
yellowish at base, concolorous with the light tawny costa of fore
wings; beyond, a blackish curved line; outer edge of the scales lilac
gray, like the rest of the thorax. Fore-wings pale-tawny, sometimes 
with a reddish or whitish-gray tinge. Two or three faint, small, costal, 
dark, transverse, obllque streaks within the middle of the costa. Sub
costal and median veins from reniform spot to base of wing white, 
dilating into a very narrow triangular streak at base of discal space. 
Discal dot and reniform spot large, white. Dot oblique oval, widening 
on median vein, scarcely separated at other end from the p<l le costa. A 
black space between the two spots about as long as the dot itself (the space 
varying, however). Reniform spot large, white, with two median, curved, 
dark liues, a dark shade beyond, equal to the reniform spot in width. 
Beyond is a clear reddish-brown space crossing the wing, interrupted 
by the black venules, aud bordered internally by dark intervenular scal
lops (sometimes obsolete). The clear space has in the outer llaH' a series 
of black intervenular slashes, terminating in a fine, irregular, scalloped, 
whitish line, the line dislocated and situated much nearer tbe outer edge, 
below the middle of tbe wing. Just below the median vein, on iuuer 
half of wing, a black stripe, interrupted by a transverse, acutely-curved, 
reddish-brown line extending from the median to the submedian vein, 
and sometimes extending beyond the edge of wing; beyond this the 
outer half of the black streak is broader, lanceolate·oval, a.nd term mates 
on the submedian fold at a poi•nt opposite the outer end of diskal dot. 
Fringe concolorous with. the clear portion of the wing. Hind-wings 
wihtish near the base, becoming gradually smoky on the outer third. 
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Fringe, white. Beneath, ashy-gray, with the costa of fore-wings inclined 
to be reddish ; a dark spot on the outer quarter of the costal edge, and 
dark diskal spots on both wings. -

Length of body, J, 0.70 inch; !i1, 0.76 inch; of fore-wing, J, 0.70 mch; 
!i1 , 0.80 inch. • 

Long's Peak, June 3, W. S. Carpenter. Above timber-line, above 
12,000 feet, mountains of Colorado, one specimen. California, H. Ed
wards, No. ~81, Vancouver Island, H. Edwards. 

Tuis species varies somewhat in the ·tint of the wings; being, in the 
Caliiornia and Vancouver Island specimens, usuall.v of a decided red
dish. One Ca1ifornian fresh example is partially tinged with reddish 
tawny, e8pecial1y on the costa and prothorax. 

The alpine specimen, collected above the timber-line, only differs from 
the one taken on Long's Peak (which does not differ much from the Cali
forniauin di viduals) by being, as it were, bleached out, the portions tinged 
with tawny and reddish being in this individual pale-gray. Though the 
specimens at first sight differ so mucll from those specimens of A. Islan
dica from Iceland, received from Dr. Staudinger, yet the bleached appear
ance of the alpine individual from Colorado seems to connect the two 
races. In tue Californian form, the individuals are ~lightly larger and 
with strongly-ciliated antennffi; the Iceland species are in one case 
stunted, bleached out, and with faintly-ciliated antennffi, in the other 
nearly as large as the Californian J. Still the style of markings is abso
lutely the same. Staudinger also received specimens from Labrador, 
though I collected none. This identification is of exceeding interest, 
and forms a new link connecting the alpine fauna of the Colorado 
Mountains, aboYe 12,000 feet, with that of Labrador and Iceland. The 
spe.cies bas not yet occurred in Europe. 

Staudingerplaces this species rwar the European A. tritici. The Iceland 
J specimens expand1.20-1.9o inches; the alpine Colorado, Q, 2.20inches. 
It may be recognized by the round discal dot directed obliquely inward, 
sometimes runuing into the costal region, and by the V-shaped trans
verse line, cutting across the dark ·streak under the median vein; the 
outer half lanceolate-oval, pale in the middle, with its end resting on the 
submedian fold, an-d not passing beyond the outer end of the discal dot, 
which is obliquely directed inward toward costa and base of wing, 
instead of ont,vard, as in A. ja.mtlifera and subgothica. I might state 
that the single species placed by Staudinger in his catalogue between 
the present one and the common very variable European A. triUci is A. 
Norwegica (Stgr., Stett. Ent. Zeitung, 383, 1861), with the remark added, 
"Prffic. var. ~uno J cond.ita!" Three larvffi, which I refer doubtfully to this 
species, occurred at an elevation of above 12,0.00 feet (Carpenter). The 
bod.v is smooth and cylindrical, tapering nearly alike toward both ends; 
Body and head dark, with a median dorsal whitish interrupted line, and 
a subdorsal similar line on each side. The whole of the dark surface is · 
finely marbled with whitish; length, 0.75 inch. The half-grown one is 
paler, with a reddish tinge above. The median pale line is interrupted 
by a large black patch on each suture. 

Family BoMBYCID...E. 

Hepialus pulcher, Grote (Fig. 11).-Tbis fine species occurred fre
quently in the mountains of Colorado, July 19, 22, .August 12,29; on 
the Pacific slope, August 29 and Septeru ber 6; and on the foot-hills 
September 8-30 (Lieutenant Carpenter). It is rather larger than the 
typical species of the genus, and may be readily recognized by the figure. 
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Olisiocampa.-The larva and cocoons of this genus occurred, but none 
of the moths. 

Euleucophmus tricolor, Pack. (Rep. Pea b. A cad., 1872), (Pl. 2, Fig. 12}.-I 
reproduce in part the description of this most interf\sting and excep
tional form, with the hope that observers may find it in Colorado. Only 
one specimen is in existence, having been receiverl from New Mexico 
by Mr. Henry Ed wards, who loaned 'it to me for study. It is closely 
allied to Hemileuca Juno and Diana. The body, including the anten
me, is larger, while the wings are much smaller than usual: The bind
wings are Rhorter ·and rounder than in Hemileuca,. Instead of being 
dark·brown, with white bands, as common in the allied forms, the wings 
are of a faded whitish, with a broad, median, grayish-brown band occupy
ing the middle third of the fore-wing, and inclosing a white, irregular, 
lunate, discal spot. It has a generally faded· appearance, adapting it for 
concealment while resting on the dry, parched ground, and it will be 
interesting to learn whether its exceptional style of coloration adapts it 
for a life on the deserts of New Mexico. Its occurrence in Southern 
Colorado is to be looked for. 

Hemileuca Diana, n. sp., one<? (Fig. 13).-Tbis species is structurally 
near H. Juno, Pack., from the border of Arizona and Sonora; the wings 
being opaque and with much the same shape, though the apices of 
both pairs are rather more acute, and the veins are much less promi
nent. It also approaches H. Io in the style of coloration; the prothorax 
being white, and in having a broad white band common to both wings. 
It cannot be the female of H. Juno, as the markings are so different 
from the two males in my possession. It is also very different from 
Ooloradia Pandora, Blake, which is quite a different genus from Hemi-
leuca. . • 

Body and wings dark opaque-blackish-brown. Head dark. Fore 
femora tufted with deep rich vermilion. Prothorax white; whitish 
hairs mingled with those of the rest of the thorax, and forming a long 
dull-whitish fringe on the basal half of the inner edge of the fore-wings 
and along the entire hinder edge of hind-wings. Two rust-red tufts on 
each side of hind end of thorax,just as in H. JJfaia. Abdomen as in 
<?H. JJ1aia, black, with whitish _hairs, giving it a grizzly appearance, but 

with numerous rust-red hairs near the tip, not present in H. Maia. 
Both wings dull blackish-brown; the veins scarcely apparent beyond 
the middle ofthe wing, with a broad 'white band from 0.10-0.15 inch wide, 
common to both wings, and not quite reaching the costal edge of both 
wings._ On the fore-wings, the band does not quite reach the inner edge, 
ending on the internal vein. Discal dot a small, transparent, lunate, pale
yellowish spot half as large as in H. JJ1aia or Juno, surrounded by a 
large, rqund, black area, whieh nearly cuts the white band in two. 
Beyond the white band, the wing is dusted with white.__ Hind-wings 
with the discal dot obsolete, but opposite its site an excavation in the 
white band. Beneath as above; the discal dot on the fore· wings rather 
deeper yellow than above. · -

Length of body, 0.95 inch; 'of fore-wings, 1.05 inches; expansion ef 
wings, 2.10 inches. Plum Creek, September 12 (Lieutenant Carpenter). 
_ From H. Juno, to which it is nearest allied, it differs in the white pro
thorax, the small diskal spot, the conspicuous white band common to 
both wings; and from H. Maia it differs in the opaque, more pointed, 
and triangular wings, the narrower white band, and smaller discal dot, 
:none being present on the hind-wings. From Harris's H. Hera, which 
has not yet been rediscovered since -Harris described it, it seems to dif
fer very materially; H. Hera being described as pale-yellow, with two 
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transverse black bands, and expanding three inches. It was "taken by 
Mr. Nuttall near the Rocky Mountains" (Harris), and will doubtless 
occur in Colorado. 

Hernileuca Maia, Walk.-Several specimens from Denver City, Octo
ber 4 (Lieutenant Carpenter). These specimens only Hiffer from New
England examples in the wider white band. I am inclined to regard 
Mr. Stretch's H. Nevadensis as a local variety of the. present species, . 
since it difl'ers apparently only in the '' prothorax being pale-rusty." 
In a ~ from Massachusetts, "the halo around the· discal spot is separ
ated from the basal patch," as in theN evada form. It should be observed 
that the width of the band varies greatly in the Massachusetts speci
mens . . In one ~ from Massachusetts, the white band on both wings is 
nearly as wide as in any of the Colorado specimens. The patagia are also 
whitish at base, thus approaching, though not very closely, Mr. Stretch's 
figure of H. Ne1mdensis. 

Telea Polyphemus, Hiibner.-The larva of this species was found on the 
willow at Clear Creek by Lieutenant Carpenter. lt spun a cocoon Sep
tember 21. 

Centra borealis, Boisd.-One rubbed, imperfect specimen occurred in 
Montana, where it was, obtained by Hayden's expedition in 1872. 

Euchcetes Egle, Harris.-An albino form occurred at Plum Creek, 
June 29 (Lieutenant Carpenter). It differs -from an albino of the same 
species from Kansas (Mus. Bost. Soc. Nat. His., collected by W. H. 
Dale) in the thorax being white. It apparently differs specifically from 
Mr. Stretch's E. Oregonensis from Oregon. 

A retia Blakei, Grote.-" Colorado, Ridings" (Grote). 
A retia Quenselii, Paykull.-The occurrence of this species on the alpine 

SQmmits of Colorado is of great interest, as extending its wide geo
graphical range. It occurs in the Alps at the height of about 8,000 
feet, on the elevated portions of Lapland, in Labrador near the level of 
the sea, and again on the summit of Mounts Washington and Madison 
of the White 1\'Iountains of New Hampshire. The two Labrador indi
viduals in the Museum of the Peabody Academy of Science at Salem are 
the typical Quenselii; the White-Mountain specimen, in the yellow fringe 
of the tore-wing, and a V-shaped white spot on the hind-wings, while 
otherwise closely resembling the typical Labrador Qrtenselii, has a ten
dency to resemble Moeschler's Arctia speciosa, which I would regard sim
ply as a variety of Quenselii. A third variety, or race, is indicated by the 
two Coloradian specimens, in which the veins are black; the wing is less 
slashed with yellow, but the other markings are the same, both on the 
wings and body. The two Coloradian species differ; one in having the 
bind-wings dark as in Quenselii, and the other with whitish wings 
slashed at the base with black, and with t wo series of marginal dark 
spots, somewhat as in var. speciosa; in the latter individual, the mark· 
ings on the fore-wings are broader and the two outer triangles formed 
by the bands much smaller than in the other. 

The supposed larva of this species (Fig.14, magnified twice) has been 
discovered on Mount Washington by Mr. F. G. Sanborn, June 25, and 
I have collected it on the 8th of July, at Square Island, Labrador, on 
the larch. It is remarkably short, thick, and broad, a little flattened, 
and so densely covered with short, evenly-cut hairs, with long, spread
ing spinules, that the body cannot be seen. The dorsal hairs are short
est and thickest; those on the sides are longer and more uneven. Seen 
from above, both the head and tail are covered by overarching hairs, 
bot .ends thus appearing alike. Head black, body beneath black; 
ab omina! legs livid. Hairs dark-brown, appearing as if dusted over, 
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owing to the remarkably long spinules. On each side of the body, 
a subdorsal, obscure, rather broad band of yellow on the eight first 
abdominal rings, not appearing on the thorax. It is an inch in length, 
and a third of an inch broad. 

Epicallia virginalis, Boisd.-Two larvoo, apparently of this species, and 
a third half-grown, occurred at an elevation above 12,000 feet. The 
larger ones (alcoholic specimens) were covered with dense, rather long 
hairs; those on the thtee thoracic segments being reddish-yellow, and 
shorter than those behind, which are blackish. The hairs of the young 
are all -bla;ck-brown. 

Nem.eophila geornetrica (Grote).-Bear Creek, June 24 (Carpenter). 
Grocota bre-vicornis, Walk.-Bear Creek, June 24 (Carpenter). 
Grocotaferruginosa, Walk.-Platte H,iver, June 24 (Carpenter). 
Grocota quinaria, Grote.-Bear Creek, June 24, T\"vin Lakes, at about 

8~000 feet elevation (Carpenter); also Athabasca River, July, Kenni
cott (Grote). 

Lithosia argilla.cea, Pack. (Fig. 15).-Twin Lakes, July 16-27. It is 
rather larger than eastern specimens, one ~, expanding 1.30 inches. 
It has also been found on Athabasca River by Kennicot,t, as reported 
by lVIr. Grote. 

Family ZYG~NID1E. 

Gnophrela ve'rrniculata, Grote.-'' Pike's Peak" (Grote), mountains of 
Colorado, August 12-29. Pacific slope, August 29 to September 6 
(Lieutenant Carpenter). 

Psychom.orpha epimenis, Drury.-Colorado (Ridings). 

Family SPHINGID~. 

Smerinthus. A larva of this genus was collected by Lieutenant Car-
penter. . 

D eilephila lineata, Fabr.-Colorado (Carpenter). 
JJ1acrosila quinq·ue-rnaculata (Haworth).-Camp in Colorado, .1\>fay 2? 

(Carpenter). · 
Besides three species of lepidopterous larvoo, found on Elbert Peak, in 

a shallow pool, 12,500 feet high, were the Jarvoo of Bibio, of Scenopinus (~), 
and the pupa of a Mycetophilid (~); also, a coleopterous larva allied to 
that of Acilius, but the body slenderer and much narrower, the bead 
wider, and the legs much longer. At the same elevation occurred the 
cofloons of some fossorial hymenopter, not, however, an aut, and tbe 
larva of a Hwrpal~ts, which, in the proportions of the body, closely 
resembles SchiOdte's figure of the larva of Harpalttts mneus, F'abr. The 
head is rather longer, the sculpturing on the upper side much simpler, 
and t he teeth on the clypeus quite different, th~re being six equal, long, 
slender, prominent teeth. The labium is shorter and broader than that 
of the European H. rujico'rnis, Linn. , 

The alcoholic collections made by Lieutenant Carpenter also contain a 
larva of Agabus from a lake near Long's Peak; elevation 9,000 feet; 
June 1. 

EXPLANATION OF PLATE. 

li'ig. 1. Crambus Carpenterellus, Pack. 
2. Zerene catenaria (Drury). 
3. Aspilates quadrijasciarict, Pack. . 
4. Euaspilates spinataria, Pack. 
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5. Phasiane jlavofasciata, Pack. 
6. Marmopteryx tessellata, Pack. 
7. Maca ria Oallforniata, Pack. 
8. Oaulostoma occiduaria, Pack. 
9. Endropia vinosarid, Grote and Rob. 

10. Agrotis Isla.ndica, Staudinger. 
11. Hepialus JJUlcher, Grote. 
12. Euleucophceus tricolor, Pack. 
13. Hemileuca Diana, Pack. 
14. Arctia Quenselii, Payk., larva, enlarged twice. 
1 5 Lithosia ar.qillacea, Pack. 



REPORT ON THE DIPTERA COLLECTED BY LIEUT. W. L. CAR .. 
PENTER IN COLORADO DURING THE SUMMER OF .1873. 

BY C. R. OSTEN SACKEN. 

A report on the Diptera of the Western Territories must necessarily 
be influenced by the imperfect condition of the dipterology of the Eastern 
States. It would be premature to describe the numerous new species 
contained in most of the western collections, when many common Dip
tera in the Atlantic States have not been named or properly identified 
yet. The task to be performed, under such circumstances, is to single 
out from such collections the most remarkable forms the description of 
which is of an immediate interest, to take llote of the facts bearing upon 
the geographical distribution of insects; and to preserve the rest of the 
material, carefully labeled, for future detailed study. The accumulation 
of such collections will, at some future time, render it worth the while 
to treat the single groups monographically. The indiscriminate working
up of collections, with promiscuous describing of new species, would only 
increase the already unbearable ballast of synonymy without any real 
profit to science. 

A few words on the mode of presenTation of the collections of Lieu~ 
tenant Carpenter may not be superfluouR. Most of the collections of 
Diptera. previously received from the western exploring expeditions were 
preserved in alcohol, which made them entirely worthless for scientific 
purposes. 

The present collection was sent to me in Rmall wooden pill-boxes, 
in which the specimens, well dried, were closely packed together. Al
though, with this mode of treatment, many specimens were broken and 

•most of the antennm lost, still the specimens remain recognizable and 
afford useful scientific material for the study of the geograpical distribu
tion, and even in some ca~ses for descriptioP, provided only the speci
mens are numerous enough. The only satisfactory mode of collecting 
Diptera is to pin them imrnediately after catching; but as, under some 
circumstances, this cannot be conveniently done, the mode of collecting 
used by Lieut. W. L. Carpenter in the present instance is l>y far pref
erable to alcoholic treatment. 

The collections of Diptera during the summer of 1873, were principally 
made at very high altitudes (8,000 to 10,000 feet, some even higher) in the 
Colorado Mountains. The materials for the geographical distribution 
of insects which these collections afford are, therefore, of considerable in
terest. The chief character of the fauna of those high altitudes, as might 
be expected, is a northern one. Nearly all the species which could be 
identified (as will be seen in the enumeration giv('n below) had · been 
first described from specimens received from the British possessions in 
North America. I would name~ for instance, Hesper'inus brevifrons, 
Walker, which Mr. Kennicott brought from about latitude 65°, on Mac
kenzie River, and whicli I found on Mount Washington, above tree-line. 
lt was brought from Fair Play (latitude 38o, elevation 9,000 to 10,000 
feet). 

The higher the elevation at which the insects were taken, the more 
this boreal character of the fauna was marked. Lower down, the pecu-

36 G S 
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liar fauna of the plains becomes more apparent on each side of the 
mountains, with its own peculiarities. The plains east of the mountains, 
for in stance, seem to be very rich in forms of Dasypogonina; on . the 
Pacific side the Bombylina, especially Anthrax , Exoprosopa, &c., seem to 
be numerously repres~nted. · The materials, however; as to this feature 
of the fauna are not abundant enough to admit of general conclusions. 

I will now give the result of my examination of the collections in the 
order of the families. · 

Family CuLrcrn.AJ.J. 
Twin Lakes, July 21, a species of Culex (preserved in a bottle and 

spoiled). 
Family CHIRONOMID.A!.l. 

Twin Lakes, July 29, several specimens of minute Ghironomus. 
Eagle River, .August 29, minute Oeratopogons. 

Fainily SrMULID.AJ.J. 
Eagle River, . .August 29, Simulium, sp., annored horses. 

Family TIPULID.A!.l. 
Tipula (Twin Lake Creek), allied to T. longiventris, I.Jw., and resem-

bling it closely, but differing in the picture of the thorax. · 
Tipula, grata, Lw., or allied species (Pacific slope). 
Tipula macrolabis, Lw. (Twin Lake Creek), a species easily identi

fied by the peculiar structure of its male forceps. I possess specimens 
of it from Fort Resolution, Mackenzie River, Hudson Bay Territory. 

Several other Tip'l.llm are too badly preserved for identification. 
Family BIBIONID.AJ.J. 

Bibio, sp., J, 9 . Very like femorftt?.ts, Wild., but smaller and appar
ently difl'erent ; the basis of the wings (in ~ ) is pale; the forked veins 
(in ~) are less infnscated. (Twin Lake Creek and Colorado Mountains, 
Pacific Slope.) 

Another Bib-io (Colorado Mountains) is too badly preserved for iden-
tification. , 

Plecia longipes, Loew (probably a synonym of Bibio heteroptera, Say); 
a common species in the United States, has been brought from the Colo
rado Plains. 

Hesperin·us brevifrons, Walk. (Fair Play, Colo.) I possess this spe-
cies from Mackenzie River, and I found it myself on Mo.unt \Vashing
ton, N.H. 

Family BLEPH.A.ROCERID.AJ.J. 
Bibiocephala grandis; new genus and species (Colorado Mountains); 

the most interesting in the whole collection. It will be described in 
detail at the end of this report. 
Family BOMBYLID.A!.l. 

Exoprosopa, Rp. (Twin Lake, Creek), somewhat resembling fascipennis 
Say, but different. .A. single very much damaged specimen. . 

Exoprosopa decora, Loew (Co.lorado Plains). This is a northwestern 
species, which I possess from Iowa, Illinois, and the Red River of the 
North. .A. single damaged specimen. · 

Exoprosopa, sp. (Colorado Mountains). .A. single, indifferently pre-
served specimen. . 

. A?tthrax sinuosa,-Wild. (Twin Lake Creek and C.olorado Mountains, 
Pam:fic slope). .A. rather common species in the United States. Five 
specimens. 
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Anthrax, sp. (Fair Play, Colo.), a single denuded and broken speci
men, not unlike Hemipenthes seminigra, Lw., from Saskatchewan River 
and Canada. 

Anthrax, sp., closely allied to A. flaviceps, I .. w. (Colorado Mountains~ 
Pacific Slope.) I possess the same species from Utah Territory, select
ed by Mr. SucklejT. 

Anthrax alcyon, Say (Colorado l\fonntains), a northwestern species 
which I have from Saskatchewan, the Red River of the North, &c. 

Anthrax, sp. (Twin Lake Creek and South Park), several indiffer
ently-preserved species, which cannot be identified. 

Anthrax fulviana, Say (Twin Lake Creek; Colorado l\iountains), a 
northwestern and northern species. (I have before me specimens from 
Maine, Canada, Lake Superior, and Yukon River.) 

Systmchus candidulus, I .. oew (Colorado Plain~), a western species, also 
occurring in Illinois. · · 

Systmchus, sp. (Twin Lake Creek). 
Systmchus, sp. (Colorado Mountains)~ apparently identical with a 

Californian species. 
Bmnbylius (sensu strict.), spec. (Twin Lake Creek and South P ark). 

Family STRATIOMYIDJE. 
Odontmnyia n-igrirostt·is, Lw. (Colorado Mountains, Pacific Slop~), 

was originally described from specimens caught in Northern :;\iinnesota. 
Odontomyia, (between Clear Creek and Colorado City), identic-al or 

closely allied to 0. intermedia, '\Vied. (~),a species common in the North
ern States. 

Stratiomyia nymphis, Walk. (Twin Lake 9reek), was originally de
scribed from specimens from the British possessions in North America. 

Family ASILID~. 
Laphria (Colorado 1\:Iountains), apparently identical with L. bi-lincata., 

Walk., from the British possessions . 
. Erax, about five species, one of which (Twin Lakes) bears a decidedly 
northern aspect; the others, on the contrary, seem to belong to the 
fauna of the plains. 

Dasypogonina, several species; general character of the fauna of the 
plains. 

Family LEPTIDJE. 
Atherix var-iegata, Walle, also found in the British possessions. 

Pamily TABANIDJE. 

Contains no striking forms; the two or three species of the collection 
all belong to the common type of the European T. tropic'us, Lin., qua
t,uornotatus, Meig. Bromius, Lin., &c., which is represented by several 
species in the northern portions of North America. Many descriptions 
of these species exist, but, unfortunately, none of them precise enough 
for identification. 

One of these Tabanus occured on the mountains, above the tree-line. 

Family SYRPHID~. 
Volucella, sp. (Colorado Plains); a single specimen. I have received 

another specimen of Lhis species from 1\'Ir. James Ridings iu Philadel
phia, who caught it in the same district. 

Volucella, sp. (Twin Lake Creek); probably new; t,ype, northern; 
unfortunately a sing-le imperfect specimen. 

Artophila sp. (Colorado Mountains); again a northern insect.-
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Sericomyia milita1·is, Walk. (Colorado Mountains); the sarrie insect 
occurs frequently in Canada and also in ~he White Mountains:

Helopkilus bilineatus, Curtis (Twin Lakes), first described from speci
mens brought back by Captain Ross from llis polar cruise. I possess 
it also from Labrador. 

Helophilus, n. sp. ¥ (South Park, Colorado), which I also received from 
Fort Resolution, on Mackenzie 'River, and from other parts of the British 
possessions. · 

Ohrysotoxurn derivatum, Walk., (Colorado Mountains), described by 
Mr. Walker, from the British possessions in North America. I have 
specimens from Alaska. 

Eristalis, two or three species (specimens principally from Twin I.ake 
Creek), which I could not identifY with any species I know. 

llfelithreptus, sp. (T~in Lake Creek), very lqre M. cylindr-icus, Say, 
but apparently different. 

Syrphus corollm (Fair Pia~·), vitripennis (~)and one or two others which 
I could not identify. 

Syrphus obliqu11,s, Say, was found above the tree-line. 

Family <ESTRID~. 
The common horse-bot, Ga,str~ts equi (Colorado Mountains). 
The families Tachinidm, Anthomy-idm, llf~{scidm are represented by a 

considerable number of specimens, although not so many species. I 
will notice especially the frequent occurrence of species of Gonia in ,tbe 
mountain-region, and a large Echinomyia from the plains. The common 
blue bottle-tly has lJeen found ascending the mountains above the tree 
line. . 

As the above-named families have not been worked up in the Eastern 
States ~·et, it would be premature to attempt any further identification 
of the 8pecies. 

'Ihe most interesting nove It~' in the whole collection is a species of the 
family Blepharoceridm, a family rather anomriJous in its structure, of 
very doubtful po8ition in the system, and counting, as yet, but a few 

.members. Only seven species, distributed am8ng five genera, are known 
from the whole world.* Four of these species are from Europe; the 
remaining three are from Ceylon, from South America, and from · the 
United States. The new species from Colorado is thus the eighth in the 
group, and requires the formation of a new genus, the sixth in the · 
famih·. 

Bibiocephala, nov. gen. Closely allied to Blephwrocera, but differing 
prncipally in the venation of the wings, the shortness of the antennrn, 
and the structure of the head. I possess only male specimens. 

E,yes divided in two halves; the upper one with larger and the lower 
one with smaller facets; these . -- --. _ _ __ __ 
two halves are of nearly equal .r/ ---····---.. _ 

size, (the upper one even seems to ( ~-----, _ 
be a little larger), and both are \ · ~-------.;. 
clothed with a dense and short ,_~~ - ·-. ·· .. 
microscopic pubescence; besides / ·. 
this pubescence, tbe lower half -~~ 
is beset with long, erect pile; the - ----=--
two 'halves are contiguous, and not separated by a narrow band, without 
facets (at least, I am not able to perceive any such band). The eyes are 

""All that is known about this family may be found in the paper "La famiglia dei 
Blepharoceridi," by H. Loew, in the '' Bulletino della Soc. en tom. italiana," vol. i, p. 
85-101, tab. ii. 
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contiguous; no linear front being perceptible between them. flu Bl. 
capitata, Lw., t, the upper half of the eyes is much smaller than the 
lower one ; there is no long pile on the lower half; both halves are sepa
rated by a distinct band, without facets; the eyes are separated by a 
narrow, linear front. Bl. capUata, Lw., the only American species hith
erto known, was discovered by ·me in the woods, near Washington, D. C., 
June 7-10,_1862. In life, the upper half of the eyes was reddish-green, 
the lower purple.) · 

Ocelli in the usual position, on the vertex (they are proportionally 
smaller than in Bl. capitata). 

Antennffi short; about equal in length to the longitudinal diameter 
of the head, 15-jointed; the second joint· has more than double the 
length of the first, and is curved; the first joint of the flagellnm is 
subcylindrical; .the other joints are short, broader than long, and beset 
with short pile; the last joint is pointed. (In Bl. cctpi tat(t, the antenn::e 
are comparatively longer, being at least twice as long as tbe head; the 
second joint is not longer than the first; the joints of the flagellum are 
cylindrical, slender, which gives the antenna a filiform appearance. The 
second joint of the antenna of Bibiocephala resembles that of A.pistomiay, 
the blepharocerid from Corsica, as figured in Loew, loc. cit., fig. 2.) 

Face, mouth, and pal pi seem to be very like those of Blepharocera.; 
about the latter two, it would be unsafe to judge from dry specimens 
(About Bl. capitata, which I examined alive, I took at the time the fol
lowing note: ''The mouth of the female consists of several lancet-like, 
horny organs, protected by a fleshy, mova~le under lip; in the male, the 
horny lancets are absent, or else indistinct. The last joint of the palpi 
is elongate, slender." It is very probable that the mouth of Bibioce
phala, t, has a similar structure; only 'the last joint of the pal pi seems to 
be proportionally shorter.) 

Thorax rounded ; thoracic suture appears as a distinct, curved groove 
on both sides, but is interrupted in the middle (similar to that of Bl. 
capitata.). 

Hypopygium large, projecting like that in a male Erax. (The forceps 
seems to be analogous in structure to that of Bl. cap-itata; only tlle t\YO 
principal projecting pieces are broader, shorter, and bfid at the tip) 

~"'eet long, strongl,v built, and bare, e~cepting a microscopic pubes
cence ;· fron~ and middle parts about equal in. length, the last pair much 
'longer, especially through the great length of the femora. Front coxrn 
separated by a considerable space; the second joiHt of the trocha.uters 
very long ; middle coxrn more approximated; the hind ones contig·uous. 

Frm)t tibirn strongly arched, no distinct spurs at the end; middle and 
hind tibirn straight; the middle ones with two stout, but very small 
spurs, the hind ones with two short, stout, and very distinct spurs at 
the end. The joints of the tarsi on all the feet gradually diminish in 
length, the first being by far the longest; the last joint, however, is 
nearly twice as long as the preceding one. Ungues elongated, strong at 
the basis; their under side, under a magnifying-power of 80--100, shows 
a dense brush of exceedingly minute, erect hairs, which extends to about 
half of the under side on the first pair; and to about three-quarters on 
the two others. The basis of the ungues shows some longer bristles. 
No distinct empodia. (The curved front tibirn seem to indicate a habit 
of throwisgthe front feet backward and clasping the thorax with them; 
at least some of the dried specimens were in that position In Bl. capi
ta.ta the feet are comparatively longer and more slender; the front tibirn 
are straight; the last tarsal joint is not longer than the preceding; the 
mi<.ldl~ cox::e are contiguous, e&.) 
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Wings (see the figure), in ·shape, are like those of most of the 
known Blepha.roceridcc, having the same projecting anal angle, with a 
reunded end (compare Loew, Zoe. cU., .Fig. 3, 6, and 12). The venation 
is very like that of Blepharocera (Zoe. cit., Fig. 12), only there is an 
iutercalary longitudinal vein between the :first and second veins. It 
begins near the origin of the second vein, runs alongside of the first, and 
ends in it a little before its tip. Near its end, it bears a short stump of 
a vein, which is indistinct in some specimens. The large fork formed 
by the penultimate longitudinal vein is connected at its basis by a cross
vein with the preceding vein (which is not the case in Bl. capitata,). 
An auxiliary vein is apparent, but it does not reach beyond the origiu 
of the. second vein. 

There is an alula and an alar excision. In the alar excision, between 
the alula and the anaJ angle, a peculiar, apparently horny knot, of irreg
ular outline, is apparent, connected with a vein encompassing the alula.* 
Tlle fringe of hairs bordering the wing is exceedingly minute, hardly 
visible with a lens of moderate power, except, in the alar excision,'where 
the hairs are longer. The surface of the wings is bare to the naked eye, 
but. E;hows microscopic hairs .under a magnifying power of 80-100. The 
peculiar spider-web-like net-work existing on the wings of all the known 
Blepha·roceridcc is also apparen.t here. 

'l'he name of the genus is derived from the resemblance of the head, 
with its contiguous eyes and short antennm, to that of a male Bibio. 

· B. grandis, n. sp., t, black, opaque, clothed with blackish pile; anten
na; black; first joint of the flagellum somewhat paler; thorax with a, 
slight yellowish-gray bloom above, forming an indistinct design and two . 
faint stripes; abdomen black, with indistinct markings of yellowish
gray bloom; the margins of the ventral segments and tht> under side of 
the hypopsgium brownish-yellow. Halteres pale _yellowish-brown. 
Feet brownish, except the coxm and the basal half of the femora, which 
are browuish-:yellow. V\7ings with a brownish tinge~ Length, 10-11 
millimeters; length of the wing, 9 millimeters. Five maie specimens 
taken in the Colorado Mounhtins in August. 

0BSERVATION.-In comparing the figure of the wing of this species 
with that of Protoplasa (Monogr. of N. A.. Diptera, vol. iv, p. 317), one 
can nor. help being ~truck by tlJe great resem b,lance of both. If we pro
long the interrupted vein }n Bibiucephala until it reaches the cr(')ss-vein 
above H., we obtain very nearly the venation of Protoplasa. The differ• 
ences are (1) the undeveloped end of the auxiliary vein of Bibiocephala. 
(which is made too weak in the wood-cut); (2) the absence of the super
numerary longitudinal vein of Protoplasa (which vein, as I ha,ie shown, 
Zoe. oit., p. 319, is but the thickening of a fold existing- in the same place 
in Ptyclwptera); (3) the al}sence of the cross-veins forming the discal cells. 

These differences are of far less moment than the analogies. The 
shortness of the basal cells and the squareness of the anal angle are also 
characteristic of both wings. The additional vein which distinguishes 
Bibiocephala from the other Blepharoceridce is the ordinary oranch of the 
second vein, apparent in Protoplasa and very common among the Tipu-
~~ . 

Thus, Bibiocephala serves to confirm the hint thrown out by me some 
time ago (Monographs, &., IV, p. 3) about the relationship between the 
Blepharoceridce and the Ptyclwpterina. 

"Mr. Burgess first called my attention to this peculiar structure, which I also perce1ve 
n:: Blepharocera, and which does not seem to h:we been noticed before. 



NOTICE ON THE GALLS COLLECTED BY LIEUT. W. L. CARPENTER. 

BY c. R. OSTEN SACK!j]:N. 

A.-OAK-GALLS, Colorado Springs, September 25. 
1. Leaf-gall, globular, hollow, very. similar to the gall qf Oynips s·ingtt

laris, Bassett, although not identical. The gall-fly, a Cynips, was cut out 
of the gall inside of which it had died before being hatched. 

2. Leaf-gall of the same class as that of Oynips pegmnachoides, 0. S., 
and Oynips erinaceus, Walsh. 

3. End-gall, different from all other galls known to me in this coun
try ; probably likewise a Cynips. 

It is to be regretted that the species of oak on which these galls were 
found were not taken note of. 

B.-WILLOW-GALLS . 
.All the galls examined, from four different localities, belonged to a 

hymenopterous insect, Nemat·us (family Tenthredinidcc), very common 
on willows. 

The galls taken July 7 were very young; t hose taken on East River, 
August 12, still contained the caterpillar; those of September 1 to 18 
were empty. A lot taken near the Twin Lakes, July 29, had a peculiar 
shape, and was covered with a whitish bloom. It may have been a 
different species, although it is undoubtedly a Nema.tus. 

C.-COTTONWOOD GALLS. 
September 18, Clear Creek ; galls· formed by .Aphides at the point of 

attachment of the leaf-stalk to the .leaf. They are very similar to the 
galls of Pemphigus popuz.icaulis, Fitch, on poplar, and may be produced 
by this very species. . 

July 15, South Park; woody swelling of the branches. It does not 
seem to be a gall, as it is entirely solid on the inside. It may have har
bored insects, as several round holes upon its surface seem to indicate, 
but the deformation is not necessarily caused by the presence of these 
insects. · 

D.-GALLS ON SAGE-BUSHES. 
September 8, pupa-shells, found inside of these galls, seem to belong 

1 
to the genus Trypeta. 

LIST OF SPECIES OF COLEOPTERA, COLLECTED BY LIEUT. 
W. L. CARPENTER, UNITED STATES ARMY, FOR THE UNIT
ED STA'rES GEOLOGICAL SURVEY OF COLOR..:\..DO, 1873. 

Cicindela longilabris, Say. 
pulchra, Say. 

BY HENRY ULKE. 

CICINDELID.Ai. 

Cicindela purpurea, Olio. 
tranquebarica, Herbst. 

If 
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CARABID.LE. 

Elaphrus californicus, 1\iann. 
Carabus tredatus, Fabr. 
Cychrus elevatus, Fabr. 
Nebria Sahlbergi, Fisch. 
Pasimachus elongatus, Lee. 

o bsoletus, Lee. 
Brachinus conformis, Dej. 
l\1etabletus americanus, Dej. 
Cymindis reflexa, Lee. 
Calathus ingratus, Dej. 

dubius, Lee. 
Platynus placidus, Say. 

chalceus, Lee. 
Pterostichus protractus, Lee. 

longulus, Lee. 
lucublandus, Say. 
scitulus, Lee. 
Luczotii, Dej. 

Amara lacustris, Lee. 
obtusa, Lee. 

Amara patricia, Dej. 
fallax, Lee. 
erratica, Sturm. 
terrestris, Lee. 
subrenea, Lee. 
polita, Lee. 

Chlrenius sericeus, Forst. 
N othopus zabroides, Lee. 
Harpalus caliginosus, Say. 

amputatus, Say. 
funestils, Lee. 
oblitus, r.ec. 
pleuriticus, Kirby. 

· opacipennis, Hald. 
ellipsis, Lee. 

·An~sodactylus rusticus, Dej. 
Eurytrichus terminatus, Say. 
Bembidium Mannerheimii, Lee. 

lucidum, Lee. 
quadrimaculatum, Gyll. 

DYTISCID.tE. 

Laccophilus truncatus, :Mann. Colymbetes agilis, Fabr. 
Uolymbetesquadrimaculatus,Aube. Acilius fraternus, Harris. 

densus, Lee. Dytiscus marginicollis, Lee. 
binotatus, Harris. 

GYRINID.LE. 

Gyrinus affinis, A-u be. '\ Gyrinus maculiventris, Lee. 

HYDROPHILID..E. 

Hydrophiluslateralis, Fabr. 
sublrevis, Lee. 

Silpha lapponica, Herbst. 
ramosa, Say. 

Creopbilus villosus, Grav. 
Porrhodites, one species. 
Homalota, one species. 

I 
Berosus striatus, Say. , 
H,ydrobius fuscipes, Linne. 

SILPHIDJE. 

I Necrophorus velutinus, Fabr. 

STAPHYLINID.LE. 

I 
Oxypoda, one species. 
Oxytelns, one species. 

HISTERID.LE. 

Saprinus oregonensis, Lee. 

NITIDULID.LE. 

Carpophilus pallipennis, Say. \ Ips Dejeannii, Kirby. 
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• DERMESTIDJE. 

Dermestes marmoratus, Say. I Dermestes nubilus, Say. 
fasciatus, Lee. 

BYRRHID..iE. 

Cytilus varius, Fabr. 

LUCANIDJE. 

Platyceras depressus, Lee. 

SCARAB1EID1E. 

Canthon vigilans, Lee. 
ebenus, Say. 

Onthopbagus latebrosus, Fabr. 
Phanreus carnifex, MeL. 

Diplotaxis obscura, Lee. 
Tostegoptera laneeolata, Say. 
Polyphylla 10-lineata, Say. 
Trichius affinis, Gory. 
Euryomia inda, Lac. Trox porcatus, Say. 

Aphodius ruricola, Mels. 

llielanophila longipes, Say. 

A.laus melanops, Lee. 
Corymbites rnorulus, Lee. 

Calopteron terminale, .Say. 
Photinus laeustris, Lee. 

angustatus, Lee. 

Collops eribrosus, Lee. 
Dasytes Hudsonicus, Lee. 

Tricbodes ornatus, Say. 
Clerus sphegeus, Fabr. 

BUPRESTIDJE. 

I A.ne;ylochira eon:fluens, Say. 

ELATERID1E. 

/ Corymbites tin~tus, Lee. 

TELEPHORIDJE. 

l Chauliognathus basalis, Lee. 
Podabrus lrevicollis, Kirby. 

MALACHIDJE. 

l Listrus senilis, Lee. 

CLERIDJE. 

] Hydnocera subfasciata, Lee. 

SCOLYTID1E. 

Xyleborus septentrionis, Mann. I Dendroetonus obesus, 1\fann: 

A.sida sordida, Lee. 
elata, Lee. 
opaca, Say. 
polita, Say. 

Coniontis ovalis, Lee~ 
Eleodes obscura, Lee. 

suturalis, Say. 
hispilabris, Say. 

TENEBRIONID1E. 

Eleodes tricostata, Say. 
extricata, Say. 
obsoleta, Say. 
nigrina, Lee. 
humeralis, Lee. 
pimelioides, 1\fann. 

Blapstinus pratensis, Lee. 
Iphthimus sublrevis, Bland. 

569 
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CISTELIDJE. 

Hymenorus obscurus, Say.· 

ANTHICIDJE. 

Corphyra. Lewisii, Horri. 
Stereopalpus guttatus, Lee. \ 

Notoxus bifasciatus, Lee. 
subtilis, Lee. 

MORDELLIDJE. 

l\iordella scutellaris, Fatir. 

MELOIDJE. 

Melre near angusticollis, Say. 
Nom as pis parvula, Hal d. 
Epicauta maculata, Say. 

pruinosa, Lee. 

Lytta Nuttalli, Say.1 

spbrericollis, Say. 
Nemognatha lurida, Lee. 

CEDEMERIDJE. 

Oalopus augustus, Lee. 

CERAMBYCIDJE. 

Spondylis upiformis, Mann. 
Oriocephalus agrestis, Kirby. 
Batyle suturalis, Say. 
Tachyta liturata, Kirby.2 

Acmreops proteus, Kirby. 

Acmreops pratensis, Laich. 
longicornis, Kirby. 

Monohammus scutellatus, Say. 
Monilema annulatum, Say. 
Tetraopes femoratus, Lee. 

CHRYSO.MELIDJE. 

Adoxus vitis, I.dnne. 
Chrysochus auratus, Fabr. 

· cobaltinus, Lee. 
Doryphora decem-lineata, Say.3 

Ohrysomela exclamationis, Fabr. 

Chrysomela dissimilis, Say. 
Longitarsus, one species. 
Trirhabda attenuata, Say. 

convergens, Lee. 
Oassida 6-punctata, Fabr. 

COCCINELLIDJE. 

Hippodamia 5-si'gnata, 1\Iuls. 
parenthesis, Sa~7• 
convergens, Germ. I 

Ooccinella transversoguttata Fald. 
monticola, Muls. 

. picta, Rand. 

EROTYLIDJE. 

Erotylus ·Boisduvalii, Lec.4 

Alophus alternatus, Say. 
Oleonus trivittatus, Say. 

CURCULIONIDJE. 

\ 
Erirllinus, two species. 
Ceutorhynchus, one species. 

NOTES. 
1 Lytta Nuttalli.-'-The geographical distribution of this insect is extremely limited. It 

was found in South Park, near the bead of tbe South Platte River, on the I1·is tenax, 
in an area which might be bounded by a radius of five miles, and was not seen at any 
other ·place during the season. · 

2 Tachyta liturata.-Found on the Populus tremuloides and .P. balsamifera in great 
numbers at an altitude of about 8,000 feet. . 

3 Doryphora decent:lirwata.-Colorado potato-beetle. This insect is still marching east
ward; not a single specimen having .been seen west of the dividing-ridge. It is prob
able that, shoul.d the potato be cultivated on the wester~ water-shed, it would be free 
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from the ravages of this destructive insect for a number of years; but that it would 
ultimately make its appearance in that region through the agency of the seed. This 
I believe to be the manner of their introduction to distant localities, as they are slug
gish tra.velers, and quite incapable of spreading so rapidly by their own i)lstinct. This 
belief is further sustained by their conti.uued absence from the Salt Lake basin, occa
sioned by the cheapness of vegetables in the Mormon settlements excluding the 
importation of potatoes from Colorado. Not found at a greater altitude than 8,000 feet. 

4 Erotylns Boisdlwalii.-Usually found upon the Pinus ponderosa, and never seen at a 
grea.ter altitude than 9,000 feet. Ve1y abundant in the eastern foot-hills of the Front 
range, but not found on the Pacific slope in Colorado, although it has been collected 
in Arizona. 

Nernognatha lurida and Lytta Nuttalli verify the theory of the adaptability of the color 
of species to their food-plant; the former being found feeding upon the pistil of the 
Cirsimn undulaturn, which it so nearly resembles in color as to often escape close scru
tiny; the latter, found upon the Iris tenax, is of precisely the same color as that 
plant. 

·w. L. c. 

HEPORT ON THE PSEUDO-NEUROPTERA AND NEUROPTERA 
COLLECTED BY LIEUT. vV. L. CARPEN'l,ER IN 1873 IN COL
ORADO. 

BY DR. H. A. HAGEN. 

Family TERMITIN A. 

TERMOPSIS. 

'11
• angnsticollis, Hagen, Synop., 3, 1. 
Rufous paler beneath; mouth infuscate; wings dusky ,hyaline; cos

tal veins rufous; head oval flat; prothorax small, semicircular. .1.\tfale 
and female. . 

Var. N eva,densis.-Dark reddish brown, scarcely paler bepeath; wings 
dark, smoky; costal veins blackish-brown. lVIale and female. 

Length to tip of wings, 23-26 millimeters; body, 11 millimeters; 
expansion of wings, 42-44 millimeters. 

Sold-ier.-Stout, yellow; head and thorax rufous; head long, oblong, 
depressed, ,dark-brown anteriorly; labrum subquadrangular, yellow; 
mandibles black, long, straight, the pointed tip in curved; a tooth before 
the tip of the left mandible; palpi brown; eyes wanting, their place 
indicated ; antenn::e as long as the head, about 24 joints; the basis of 
the joints brown, darker on the basal joints; prothorax as large as the 
head, semicircular; mesothorax and metathorax rounded behind, with 
a small alar lobe each side, directed backward; abdomen ovoid ; appen
dages four-jointed, long; last segment with two divergent, a!lal spines; 
feet strong, rufous ; femora paler yellowish. 

J.1ength, 16 millimeters. 
Larva.-Stout, elongated, flattened above, pale; head yellow, rounded; 

mouth darker; eyes indicated as in the soldier; antenn::e 24jointed; 
prothorax semicircular, small; mesotbdrax and metathorax larger, 
rounded behind, a small alar lobe on each side, directed down ward; 
abdomen ovoid, the appendages two-jointed, but with indications of two 
more joints; last ventral segment with two anal spines; feet strqng, 
;yellow. 

Length, 11 millimeters. . 
Nyrnpha.-Size and color of the larva; eyes present, pale; alar lobes 

large, flat., triangular, horizontally covering the basal third of the abdo 
men; appendages four-jointed; anal spines divergent. 

HabUat.-Oalifornia, San F.rancisco, (Mahn), San Diego, l\farch, 
.April (Crotch); Gulf of Georgia, Fort Steilacoom, Semialunoo (A. Agas-

~'"""""'._............__ 
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siz); British Colmnbia., Quesnel Lake; Truckee, SierraN evada (Crotch); 
Louisiana (Pfeiffer). ., 

The specimens are dry or preserved in alcohol. T. angusticollis is a 
real western species. I saw only one specimen from N evaua, collected 
on the west rn border of the State. An imago from Louisiana, collected 
by Mrs. Pfeiffer, is preserved in the museum at Vienna, Austria. So 
far as known, this species is not yet found in Texas or Mexico. Messrs. 
A. Agassiz and G. R. Crotch observed this species living beneath the 
bark of pine-trees. 

The winged imagos differ in color, the typical specimens being rufous, 
though some of them are darker. The single male from ~ evada is 
smaller and the wings not as broad, (one-fortieth inch), and throughout 
much darker; but among a number of alcoholic specimens from San Diego 
and Semialunoo there are some nearly as dark; and, moreover, it is 
not impossible that the Nevada specimen was darkened by carbolic acid 
iu the collecting-bottle. The discovery of the soldiers and of the other 
stages i.s Yery important. T. occidentis, formerly supposed to belong as 
soldiers to T. angusticollis, is now to be considered as a difl'erent species, 
the imago of which is still unknown. 

T. oQcidentis, Hagen, Synop., 3, 2. 
Soldier.-Very stout, rufous ; abdomen yellow ; head large, nearly as 

broad as long ; convex above, rounded laterally, depressed anteriorly, 
the anterior augles prominent, jointed, dark-brown; antenme 19-jointed, 
pale, the first and third joint longer;dark brown; labrum ovoid, yellow; 
eyes present, black, oval; mandibles shorter than the hea_d, black, stout, 
curved, tile left one with a double tooth before the tip. Prothorax 
broader than the bead, large, flat, cordiform, the anterior margin deeply 
notched; rne~othorax large, broad, with a short, flat, triangular, alar lobe; 
metatllorax shorter and narrower, the alar co\er smaller. Abdomen 
large, long, ovoid; appendages very short, conical, 2-jointed; last ventral 
segment with /two small spines placed ne'ar together; feet stout, brown; 
femora rufous. · 

Length, 19 millimeter~. 
Larva.-Pale-yellow; bead brighter yellow, rounded, flat aboye; anten

na» pale, about ~2-jointed; eyes present, black, well defined. Prot.horax 
as broad as the head, transverse; angles romided, the hind ones more 
obtuse; mesothorax of the same size, flattened, transverse, a little 
broader; on each side a triangular, depressed alar lobe nearly as long as 
the metathorax; the latter similar but larger; the abdomen broader, 
thick, 0\·oid; the appendages and spines similar to those of the soldier. 
Feet less stout, yellow. · 

Length, 14 millimeters. 
Habitat.-Oalifornia : Cape San Lucas (Xanthus de Vesey). The 

type of Walker from the west coast of Uentral America. The described 
specimens are preserved in alcohol. The descriptions of the previous 
stages of T. angusticollis and T. occidentis prove the difl'erence of the 
two species. The soldier of T. occidentis differs bv the rounded 
shorter bead ; the two- toothed mandibles ; the pro thorax very large, 
broader than the head, and nearly bilobate; the alar lobes large, flat, 
horizontal; the appendages very short, two-jointed; the eyes ):>lack, well 
developed. The larva differs by the alar lobes large, directed down
ward ; the prothorax transversely oblong ; the abdomen thick, ovoid ; 
the appendages similar to those of the soldier; the eyes black, well 

. developed. 
The imago is still unknown; I. suppose they belong to the genus Ter-
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rnopsis; nevertheless, the well-developed eyes of the soldier, and even 
of the larva, make this supposition rather doQ.btful. 

The genus Termopsis was formed by Professor Heer for fossil species 
preserved in the amber of Prussia, and in the schists of Oeningen. T. 
angusticollis and perhaps T. occidentis are the only known living species 
of this genus ; and their occurrence in North America is the more inter
esting, as some other remarkable species of the amber-fauna are still 
represented by similar living species in the fauna of North America. 

Family PERLINA. 

PTERON.A.RCYS. 

Pt. californica, Hag. Synop., 16, 5 (Proc. Bost. Soc. Nat. Hist., xv, 284.) 
A fnll description is given in the monograph of this genus in the 

q noted proceedings. . 
Habitat.-California ; 'Vashington Territory, between Rock and Cas

cade Rivers; Lake 'Vinnipeg (Kennicott); Og<len, Utah, from a river 
tributary to Great Salt Lake, in ,June (C. Thomas). ~~ymphm from the 
San Luis Valley; Colorado. I have seen anum ber of specimens, dry and 
in alcohol, male, female, and nympha. According to lVIcLachlan's state
ment, the wings of the California specimens are very smoky and 
opaque; perhaps they were darkened by the carbolic acid used by the 
collectors. Pt. californica is a decidedly western . species. Pt. biloba, 
from Trenton Falls, N. Y., a species, as yet, only represented by the 
female type in the Britisu Museum, is very nearly related, but accord
ing to McLachlan's, a different species. 
Pt. regularis, sp. nov. 

j}fa.Ze.-Dark-brown, paler beneath; head dark-brown; the posterior 
margin, two large lateral spots . connected by a line behind the ocelli, 
t"wo flattened, round tubercles a little before, and the anterior margin 
all dull-yellowish; lateral margin carinated up to the tubercles; three 
ocelli well developed; labrum small, brown; antennrn slender, half as 

·long as the wings, brown; the basal joints yellowish beneath. Pro
thorax as broad as the bead, nearly square, the anterior angles sharp, the 
posterior rounded~ dull-brovvn; a very fine median Jellow line only indi· 
catecl, and on each side some curved elevated marks. Abdomen pale 
beneath; setre (partly broken) shorter than the abdomen, dark-bro,wn, 
dull-yellow at the bases, stout, the five basal joints very short. Feet 
brown, pale beneath; wings smoky, hyaline; veins strong, dark-brown; 
areolation square. The vulvar lamina as broad as tlle segment, rounded 
in front, the middle more produced, as long as the segment, notched on 
the tips, black; on each side at the base is a small triangular tubercle. 

Length to tip of the wings, 19 millimeters; alar expansion, 33 millime-
ters. , 

Habitat.-Truckee, Sierra Nevada; Nevada, June 10 (Urotch). I 
have seen only two specimens. 

Pt. badia, sp. nov. 
Pale-brown; head dull-yellowish, with a large square black spot 

around the ocelli; antennre brown, paler beneath. Protborax square, 
the anterior margin rather rounded, the angles right, pale-brown, with 
darker shading on each on the elevated marks. Abdomen pale above, 
darker in the . middl~, pale-brown beneath; the apical margin of the 
penultimate ventral segment largely excised; the dark-brown middle 
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part of the segment somewhat produced, without reaching the last seg
ment; setre pale-brown; feet darker brown; wings yellowish hyaline, 
with a <lull-yellow stigma; veins brown. 

Lengt.b, 17-19 millimeters; alar expansion 31-33 millimeters. 
Habitat.~Bridger Basin, Wyomiug (Garman); Cache Valley, Utah 

(C. Thomas); Colorado Mountains, August (W. L. Carpenter). 
I saw · only three females, in a very bad condition, in alcohol. The 

two species above described ar~ the dwarfs of this genus; the smalles t 
species known, Pt. proteus, bavibg twice the length of Pt. regularis and 
Pt. badia . . The gills are well visible in the alcoholic specimens of Pt. 
badia, 26 pairs in number, to wit, 6 between tb·e head and the pro
tborax ; 6 between the prothorax and mesotborax ; 6 between the meso
thorax and metathorax ; 2 between the posterior feet; and 6 on the basal 
segments of the abdomen. The maxillary palpi are longer than the 
mouth~ the basaljoint short, the other long, equal, thicker at the tip; 
the labial palpi are similar. The palpi show a similar formation as the 
apical joint in the phryganideous genus Hydropsyche. Tbe external 
membrane is cut or split in a somewhat spiral manner, so as to give to 
every joint the appearance of a large number of small joints imper
fectly soldered together. This formation of the palpi qelongs to all the 
species of Pteronarcy8, and is exceptional for this genus only in the 
w bole family of Perl ina-. 

These t'vTO small species agree in all characters with the larger species, 
at least so far as the females are concerned, as the males are still un
known. The wings· are divided into quadrangular cells, perhaps a little 
more regular than in the larger species. The venation of Pteronarcys 
seems to resemble the most the remarkable fossil genus Miamia. 

ACRONEURIA. 
A. abnorrnis. 

Perla abnormis, Hagen, Synop., 17, 1. 
This species appears to vary in a very high degrt'e. The late B. 

Walsh, after repeated observations of living specimens, confirmed varia
tion in size and color, in the reticulation of the wings and in the number 
of the quadrangular areoles, which are sometimes nearly or altogether 
wanting; the shape of the prothorax and· the vulvar lamina of the 
female, commonly of a constant shape in this family, offer also slight 
variations in this species. 

The male has usually long and well-developed wings; however, two 
short-winged males now before me seem to belong to thi~ species. The 
material in my collection of dry and alcoholic specimens, though rich in 
specimens from different localities, seems to be not yet sufficient to 
decide the question whether we have here several very closely-related 
species or simply varieties of A. abnormis. 

Two females from South Montana and a male from Snake River, 
Southea~tern Idaho, collected by Prof. C. Thomas, differ as follows: 
The colors are darker, the abdomen yellow beneath, on ·each side dark
brown. The male, in worse condition than the females, is a short-winged 
one; the shape of the prothorax somewhat different, perhaps only altered 
by the bad preservation. The vulvar lamina of the two females is more 
produced than usual, covering one-half of the following segment ; tile 
apical margin is nearl~' semicircular, notched very little in one female, 
and not at all in the other. ' 

A cast nympha-skin from Eagle RiYer, Colorado, August 30, collected 
by lVIr. Carpenter, belongs to a very large species. Length, 33 milli~ 
meters; setre, 26 millimeters. There is nothing known concerning the 
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previous stages of the North American Perlina; even the different larvm 
and skins in my collection are not yet thoroughly studied. After a 
closer comparison with a nympha-skin of A. abnormis, communicated 
by B. Walsh, I believe that the nympha-skin from the Eagle River 
belongs to the same genus, but certainly to a different species. It is 
not so much spotted ; the apical half of the wing-cases is pale, without 
the black band, so conspicuous in A. abnorrnis; the abdomen is da.rk
brown above, without the regular paler marks of A. abnormis; the 
basis of the blackish setm is pale instead of the throughout dark color 
of the setm of A. abnormis. Even the size of the skin seems too large 
for the known American Perlids, except for some very farge specimens. 
of A. abnormis, collected at the Saskatchewan River. 

Habitat.-Assuming the above-described specimens to belong to A. 
abnormis, this species would have a very wide distribution. The nor i.l.l
ern limits known are the Saskatchewan and Peel River and Uanada; 
the southern limits, Georgia, and perhaps Mexico; it is known from all 
Eastern States on the Atlantic, and from mall~' States between the 
Atlantic and the Rocky Mountains. 

DHJTYOP1'ERYX. 
JJ. signata, sp. nov. 

Yellowish-brown, pale beneath; labrum pale-brown; head flat, with 
two irregular brown stripes, connected transversely before the eyes in a 
mariner to form an anterior large yellow spot, trilobate behind; space 
between the stripes with an anterior rounded spot, connected with a 
smaller triangular one on the hind border; a large yellow spot on each 
side near the eyes. Antennm pale-brown ; first joint · blackish-brown 
above; 'second and third pale; pal pi pale. Prothorax as broad as the 
bead, nearly square; brown, with a large yellow median band ~ome
w hat dilated at the ends; on each side three carved marks, formed by 
rather irregular black polished scars; lateral margin straight, dark. 

·Abdomen dark-brown above, pale-yellowish beneath; whitish around 
the base of the feet; segments darker at the base. Feet pale-brown, 
femora with an external vitta and a ring before the knee; base of the 
tibire and tip of the tarsi dark-fnscous. Setm pale brown, darkest at 
the tip of the joints. Wings with a grayish-yellow tinge, darker on the 
costal margin; veins brown, darker, and very irregular on the tip of the 
wing, five or four, or even less, antecnbitals; wings of the male as long 
as tl.le abdomen, or one-third or more shorter; the apical areolets very 
irregular. 

llfale.-The last dorsal segment ;yellow ; t.be apical margin recurvate, 
transversely carinitorm, thickened, emarginate in the middle, scabrous, 
and rather villous exteriorly; appendages yellow; the superiors are 
small recurved lobes; between them the larger inferiors, darker on the 
triangular tip, which is sharp and a little emarginate beneath, just 
before the tip; an ovoid membrane between the inferiors belongs per
b~ws to the penis; last ventral segment ·produced between the setm 
with an elliptical margin. 

Fernale.-Last dorsal segment obtusely produced in the middle of the 
apical margin, with a median longitudinal impression; vulvar lamina 
large, rather inflated on the antepenultimate segment, forming two free 
circular lobes, very near together, beneath the penultimate seg·ment. • 

Length with the wings, t, 13-17 millimeters; 9, 18~21 millimeters. 
Alar expansion, ~ , 16-26 millimeters ; 9 , 30-40 millimeters. Length 
of the setm, 11 millimeters. 
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Habitat.-1?oot-hills, Colorado, September, and mountains on the 
Pacific slope, August 16 to September 6. Several Rpecimens in alcohol. 

This genus is new for the American fauna; aU species known belong 
to Europe and Siberia. This new species is far more intArestiug as an 
exception, bearing gills in the imago-state. There are on the ventral 
side five pairs of gills, formed by white, fleshy, blind sacs; two pairs on 
the under side of the head; the first pair widely sepftrated on the basal 
part of the submentum ; the second pair in the artic'ulation with the 
prothorax; both pairs straight, placed transversely, looking outward. 
The three other pairs on the thorax, always before the feet, but sepa-

. rated from them, being placed just in the articulation of the segments; 
the three thoracic pairs are incurved. 

The occurrence of gills in the imago-state of D. signata is the more 
exceptional, as all the hitherto-known species are without them. At 
least, a close examination of dry specimens of all the species in my col
lection (only one of Siberia is unknown to me) did not disclose anything 
similar to the gil1s in D. signata; Dr. Gerstaecker, in a recently-pub
lished paper, also states the absence of gills in living specimens of D. 
intr·icata and )), a1pina. Formerly, the genus Pteronarcys was the only 
known exception for its gill-bearing imagos among the class of insects; 
now, besides the above-described Dictyopteryx, there are two other gill
bearing Perlid genera mentioned b,v Dr. Gerstaecker, Damphipnoa 
Uchenalis from Chili, a genus closely related to Pteronarcys, and Nemura 
cinerea and N. nitida, with its male N. lateralis, both from Europe. 

The papers by Dr. G~rstaecker are published in the Festschrift zum 
lwndertjaehrigen Beste hen der GesellE~chaft naturforschender Freunde, Berlin, 
1873, 4to, p. 60,. with figures; and Sitzungsbericht derselben Gersellschaft, 
October 21, 1873, p. 99. · 

ISO GENUS. 
I. elongatus, sp. nov. 

Female.-Brown ; head with a posterior, triangular, yellow spot, 
extended on each side of the occiput; two small, ill-defined, yellow spots· 
near the antennoo and eyes; antennoo· brown. Prothorax. as broad as 
the bead, quadrangular; the angles sharp, with a large, yellow, median 
band, narrower before. Abdomen and feet brown; setoo brown; base 
of the joints paler. Wings long, hyaline; veins brown, with a pale
yellow tinge around the costal apical veins; costa pale ; submedian 
areolet larger toward the tip, with seven transversal veins; the ante
rior vein of the submedian areolet somewhat curved. Vulvar lamina 
large, the base separated from the segment by a deep furrow in form of 
a transversely-enlarged W ; apical margin nearly straight, covering 
only a little of the following segment; the lateral angles rounded; a 

· small notch in the middle~ 
Length, with the wings, 24-28 millimeters. Alar expansion, 40-44 

millimeters. 
HabUat.-Foot-hills, Colorado (Mr. Carpenter); Ogden, Utah (by C. 

Thomas) . .. Alcoholic specimens. · I. elongatus is very similar to I.fro.n
talis, but in · this species the anterior vein of the submedian areolet 
iS straight, and the anterior margin of the vulvar lamina rather in curved. 

I. colubrinus, sp. nov . 
• Brown; head with a posterior, triangular, yellow spot; part before the 
ocelli yellowish; antennoo blackish-brown; p~othorax rather smaller 
than ,the head, quadrangular; angles sharp, with a yellowish median 
band, a little narrower before; abdomen.and setoo dark-brown; feet pale
brown, tips of the femora and tibioo darker. Wings hyaline; veins 
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pale-brown; costa, and its transverse veins, pale; submedian areolet less 
enlarged on the tip; the anterior vein less in curved; vulvar lamina simi
lar to I. elongcttus, but larger, subbilobed, the notch reaching nearly to 
the basal furrow, and the apical margin nearly circular. 

Length, with the wings, 22 millimeters; alar expansion, 38 millimeters. 
Habitat.-Snake River, Idaho (C. Thomas). I .believe that some speci

mens from the Saskatchewan River, from the Slave and vVinnepeg Lakes, 
all in my collection, belong here. The males are a little smaller, but 
long-winged. The comparison of dry and alcoholic specimens is so 
difficult that it seems more prudent to consider the identity of the speci- , 
mens as still doubtful. 

PERLA. 
P. sobria, sp. nov. 

Female.-Head dull-brown near the prothorax; the anterior part 
· pitchy-black; three large yellow spots between the eyes, each side one 
near the border, and a middle rhomboidal one; three. smaller . spots on 
the clypeus betweP.n the antennre, each side, apale, whitish one near 
the border, and a middle quadrangular, yellow one just before the ante· 
rior ocellus, bordered on each side by a shining-black stripe; antennre 
black, brownish beneath at the base. Prothorax as broad as the head, 
quadrangular, broader than long; hind angles less sharp, pale-yellow 
on each side, with a large, ill·defined rligulose band; a fine, impressed, 
median line with a spot in the middle, and a fine, transversal line just . 
before the anterior and one befor£1 the posterior margin, all black. Me
sothorax and metathorax shining-black above; abdomf'n brown on the 
under side, paler at tip; head and thorax brown beneath, with a large, 
black spot on each side before the second and third pairs of feet ; setrn 
pale-yellowish. Feet dark-brown; wings hyaline, scarcely fumose; veins 
strong, blackish-brown, finer in the costal space; vulvar lamina large, 
bifid, the outer edge of the two lobes rounded; before them a small 
tuberc1e. 

Length, with the wings, 14 millimeters; alar expansion, 26 millime
ters. 

Habitat.-Colorado Mountains, Pacific slope, August (Mr. Carpenter). 
One female, in poor condition. 
P. ebria, sp. nov. 

Female.-The single specimen, in bad condition, is very similar toP. 
sobria in colors and in shape. The genital parts are well preserved and 
the vulvar lamina is entirely different, a long oval lobe without any 
notching of the apex. So far as known, this important part never varies 
in such a manner, and it would be impossible to unite both specimens 
in one species, notwith,standing their great resemblance. 

Habitat.-The same locality asP. sobria. · 
P. -- (~), sp. 

There is a third species frDm tbe same locality in worse condition still. 
It is a little smaller, the head and the prothorax somewhat different. .As 
the abdomen is wanting, I prefer merely to indicate the occurrence of a 
third undescribed species. 

CHLOROPERLA. 

A small Ohloropl/rla, of the size of 0. cydippe, from the foot-hills of 
Colorado, belongs to a new species, but is too much damaged to ue 
described. 

37 G S 
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Family EPHEM~RINA. 

EPHEMERA. 
E. compar, sp. nov. 

Male imago.-Light-brown: head blackish-brown; antennm pale-yellow; 
a broad, pale-brown, dorsal band on the thorax ; each side of the pl?Otho
rax blackish; abdomen above on each side \Vith two, black, longitudinal 
lines and two more in the middle of segments 6 to 9; last ~egment with 
two large, ill:de:fined, black spots ; abdomen beneath on each side with 
one black, longitudinal line; penultimate segment with a large, quad
rangular, black spot; setre very long, pale-brown, the articulations 
hardly darker; appendices pale brown, long, arcuated on the tip ; the 
two apical joints short, the last shorter; feet pale-brown; the anterior 
pair . very long, black; the femora brown; fore-wings hyaline, with a 
yellowish tinge; veins dark-brown; the apical half of the two costal 
spaces dark-brown, and the basal half of the second costal space rather 
fumose; a series of four small, black spots in 't,he middle of the wing 
near to the costa, another spot near the base of the wing; and one near 
the tip; hind-wings of the same color, with a larg-e apical brownish 
band ; some of the veins in the middle of the wing finely clouded with 
black. 

Length of the body, 15 millimeters ; alar ·expansion, 32 millimeters; 
length of the set:£, 30 millimeters. 

Habitat.-Foot-bills,- Colorado (Mr. Carpenter). 
This species is very similar to E. lutea, Burm. (E~ Uneata, Eat.); as I 

have seen only one male, I belieYe it to be more prudent not to identify 
the American with the European species, the more so as some differ
ences, though not important ones, are to be found. E. lutea has the 
third and fourth joints of the appendices of equal length, and together 
two-thirds the length of the second joint. E. compmr has the fourth joint 
shorter than the third, and both together one-third the length of the sec
ond joint. But as the only male of E. compar is dry, and as the measures 
for E. lutea are taken from living specimens, the differences rna,y not be 
certain. The discovery of E. compm· :fills a gap in the fauna of North 
America. There are Jour species of European Ephernerm nearly related 
to ~ach other. Till now only three ~pecies were known in the North 
.. A.merican fauna representing three of the European species, and the dis
covery of E. compar imitating the fourth European species makes the 
parallelism of the Epbemerid fauna of both countries complete. 

As the other three American species were formerly not well described, 
even some of them erroneously identified, I believe it is worth while to 
give here a more detailed description of them. It is presumed that at 
least two of them will be dh;covered within the area of country embraced 
in this paper. 

E. decora, Hagen (Synop., 38, 1). 
Male imago.-Luteous ; bead in the middle, protborax on each side, 

dark-brown; antenn:B pale; abdomen above with four large, beneath 
with two narrow, black lines; setre pale, the articulations fine, brownish; · 
appendages pale, the two last . joints nearly · equal in length, taken 
together about half of the second joint in length; anterior feet yellow; 
femora brown, darker at the tip; tibi:B at base and tip, tarsal joints at 
tip, blackish; the other feet pale; fore-wings hyaline, with a faint yel
lowish tfnge, light-brown on the two costal spaces; transversal veins 

, brown, faintly clouded near the costal margin and in the middle of the 
wing ; some larger brown spots in the middle near to the costa, and one 
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smaller near to the base; hind-wings hyaline. This male bad appar
ently recently east the skin, and is identical with the fragment of the 
type described in the synopsis. The type of B. vValsh in my collection 
is smaller (alar expansion, 23 millimeters), darker in color, but otherwise 
not different; the hind-wings have some transversal veins clouded, and a 
few bll:l.ckish spots. A male from British America. has the size of the 
male above described, but the colors of the specimen from B. Walsh~ 

Female imago.-Luteous; a darker line on each side of the prothorax; 
abdomen above with two la.rger triangular black spots on each segment, 
beneath with two longitudinal black lines; setrn pale; feet luteous; 
femora of the anterior feet brownish, tip of the joints brown; wings simi
lar to the male, but the costal margin nearly hyaline, the. spots smaller; 
some few spots on the hind-wings. A second female from British 
America is similar to the first. 

Subimago, male and female.-Grayish-luteous; setre pilose; wings 
dusky; spots the same as in the imago, none on the hind-wings; costal 
space a little darker. 

Imago: length of the body, ~, 10 millimeters; ¥, 11 millimeters; 
alar expansion, ~, 23-27 millimeters; <t, 30 millimeters; length of t.he 
seta, (J , 30 millimeters. 

Subimago: length of the body, 13 millimeters; alar expansion, 30 
millimeters ; seta, ~ , 15 millimeters. 
Hc~bitat.-New Ha.ven, Conn., ~; Norway, Me., (J, 9; Rock Island, 

Ill., r!;; Chicago, Ill., <t; Virginia, ~ ; British America, (S, ~ , imago 
and subimago. · 

The wings of the two males from Virginia have darker spots, but prob
ably belong to this species. E. compar is nearly related to E. decora, 
but is a little larger, brighter-brown, the anterior feet black, with the 
femora brown, the seta without blackish rings on the joints, the 
appendages visibly longer, the wings more yellowish, the costal margin 
brown, tlle spots smaller, the hind-wings with a larger apical browmsh 
band. 

This species is the E. decora of my synopsis, and according to the 
notes made by me in 1857, in the British Museum, also Walker's E. 
decm·a,, I do not find the antennre blackish; in the type-specimen . of my 
synopsis, the antennre are now wanting. I have no doubt about the 
rights of this species, which imitates well the European E. glaucops. 
Tbe type of Mr. Walsh is the smallest specimen known, but, according 
to his paper, another male from the same locality was larger (alar 
expansion, 25 millimeters), nearly as large as the specimens above 
described. 

E. guttulata, Pictet, Epbem., 135, 4, Pl. 8, Fig. 4. Male Imago. 
SYN.-E., sp. nov., Hagen, Proc. Ent~ Soc. Philad., 1863, 177.-Trans. Ent. Soc. 

London, 1873, 393.-Eaton, Monogr., 71 (var. of E. 'fllYOps). 

Female imago.-Head and thorax luteous; a brown band each side on 
the prothorax, some darker spots on the thorax; abdomen pale-yellow, 
last segment brownish on the sides; setre pale-yellow, faintly pilose, the 
articulations annulated with black; anterior feet yellow; femora, base, 
and tip of tibire, tip of tarsal joints, brown, the other feet yellow ; fore
wings hyaline, fumose on the costal and 'apical margin; transversal veins 
except on the third part of the hind border strongly clouded with black; 
a larger confluent elongated black spot in the middle of the wing; hind
wings on the !pical margin fumose, the transversals on the costal mar
gin, and some apicals strongly clouded with black; a larger confluent 
black spot in the middle, and a small one near the base. 
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Length, 19 millimeters; alar expansion, 42 millimeters; setre (broken), 
about 12 millimeters. · 

Habitat.-N ew Y or.k, by Osten Sack en. 
This is the female Eph. sp. nov., quoted in Proceed. Ent. Soc. Philad., 

1863, 177, as resembling E. Danica of Europe, and by Mr. Eaton in his 
Monograph 71 as a probable variety of E. 1nyops, a statement refuted by 
me in Trans. Ent. Soc. Loud., 1873, 393. 

I am now conYinced that this female belongs to E. guttulata, Pict. The 
long anterior feet proYe Pictet's specimen to be a male imago ; the 
other feet and the abdomen are wanting. The colors and the pattern 
described by Pictet agree well, except the anal part of the fore-wings, 
nearly hyaline in the described females, faintly spotted in Pictet's type. 
The bright-yellow anterior feet in Pictet's description and figure (the 
number of joints is erroneous) represent very well this species, and are 
not to be seen in any oth~r species. Pictet gives no dimensions, but the 
figure is without doubt of natural size, the alar expansion 36 millimeters. 
The locality of the type is not known; it was presented by Mr. Conlon·, 
and may be, as many other species, communicated by this naturalist from 
the vVestern Hemisphere. In my Synopsis 38, I supposed E. guttulata to 
belong probably to E. natata, and Mr. Eaton, :1\'lonogr. 69, gives both 
speeies as synonymous. The type was not in Pictet's collection; at least, 
it is not among the species seen by 1\ir. Eaton in the collection 
(1\fonogr., p. 11). " \ 

The resemblance to E. Danica consists in the yello,w-colored abdomen. 
The wings of E. guttulata are more spotted, the abdomen less so or not at 
all. The colors of the abdomen feet, setre~ and wings are very different 
from those in E. natata. · , 

E. natata. 
SYN.-Palingenia nafata, ·walk., Cat., 551, 13, fem. subim. 

E. simulans, Walk., Cat., 530, 5, male sul>iw. 
E. nq,tata, Hagen, Syn., 39, 4. 
E. simulans, Hagen, Syn., 38, 2. 
E. guttulata, Eaton, Monogr., partim. 

j]fale imago.-Dark-brown; prothorax each side with a -black band; 
abdomen brown, above with large, serrated, black spots; setre pale-brown; 
articulations of the basal joints faintly marked with darker rings (partly 
l)roken); anterior feet brown; tip of joints darker; femora blackish; 
the other feet paler brown; appenduges pale-brown,joint 2d and 3d darker 
on tip; 2djoint arcuated, not twice as long as 3d and 4th together; 4th half 
the length of 3d ; wings hyaline; costal margin rather smoky ; most 
of the transversal veins, except in the hind part of the wing, clouded 
with black; several larger quadrangular . black spots in the middle of 
the wing and near to the base; pind-wings with the apical margin 
smoky ; many transversal veins clouded with black, and several small 
spots blackish. 

Female imago.-Similar to the male; thorax brighter brown; wings 
hyaline on the costal margin, except on the base, not so strongly clouded 
with . black. · 

Male and female subimago.-Colors more dull; wings grayish; anten-
noo black; setre dark-grayish. . 

Length, ~, 13 millimeters; ~ ,15 millimeters; alar expansion, J , ,32 
millimeters; ~ , 40 millimeters; setre ~ , 15 millimeters. 

Halitat.-Saskatchewan Hiver, British ~J\merica, by R. i{ennicott; a 
large number, in very bad condition; both sexes imago and subimago, 
Sa.int Lawrence RiY"er and Saint Martin1s .Falls, Hudson's Bay, by Walk-

/ 
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er; Chicago, by Osten Sac ken and vVood well; Maine, in Harris's col-
lection. · ... 

This is the E. natata of my synopsis. The species imitates E. vulgata, ; 
of Europe, but the wings are more grayish than brownish. It differs · 
from E., decora by the larger size, the darker marked wings, the less 
arinulated setoo,-the relative length of the joints of the appendages. .At 
least, there can be no doubt about the difl'eren~e of my E. nata.ta and E. 
decora, brought together even with E. guttulata, 3,s belonging to the 
same species, by Mr. Eaton. 

It may be interesting to publish here a letter to the late Prof. L . .Agas
siz by Mr. George E. W oodweH, from the Tribune office, Chicago, Ill., July 
23, 186 (~) (number not filled). The letter contained several dry speci
mens, imago and subimago, of E. natata: 

I send you a number of specimens of a fly which annually 'visits our la.ke-cities, and 
which has the present summer appeared i:p_ larger swarms than ever known before. 
During the recent hot nights they have poured in from the lake in myriads, rendering 
it necessary in lighted buildings to close the windows and doors in order to escape their 

• visita.tion. For several nights past, they have thus swarmed upon us; and 1.he morning 
would witness about the posts of the street-lamps la.rge heaps, in some instances three 
inches deep, and covering an area of two or three yards square. 

Couriously enough, the imitating species from· Europe, E. vulgata, 
swarms in a similar manner ; and Seopoli tells us that the farmers in 
Krain are not contented unless they are able every year to bring a num
ber of cart-loads as manure upon their fields. 

HEPTAGENIA. 
H. brunnea, sp. nov. 

1lfale imago.-Brown, the thorax and the body beneath paler; head 
blackish ; prothorax deeply notched behind, with au elongated blackish 
spot on each side, and a similar one on the mesothorax ; metathorax 
bright-yellow between the wings. .Abdomen brown, the segments with a 
darker ring on the tip; setoo long, grayish-brown, darker at the base, 
the articulations scarcely darker; appendages long, cylindrical, darker. 
brown, fourjointed; first joint Yery small ; second somewhat longer 
than the apicals together, which are of equal length; piece between 
the appendages notched; penis long, bifid, · divergent. Femur paler on 
the tip; the other legs pale-brown; femora ·with a darker external line; 
tarsi dark. '\Vings hyaline; veins brown; some transversal veins on the 
costal margin pale. 

Female ima.go.-Similar to the male. Abdomen pale, on the upper 
portion of each side a series of triangular black spots and a longitudinal 
l>etween them ; beneath, on each side a series of black lines ; setoo pale, 
articulations black ; egg-valve broad-elliptical; legs similar, the four 
posterior with the tarsi pale; femora darker, pale at the base and tip; 
wings similar, the transversal veins in the costal space pale, very fine, not 
reaching the costa. 

Length, t, 10 millimeters; ~ ,: 12 millimeters; alar expansion, t, 
30 millimeters; ~, 34 millimeters. 

Habitat.-One pair from Nev-ada, Truckee, in Sierra Nevada range, 
June 10 (J. R. Crotch). · 

H.pudica. 
SYN.-Ephemera pudica, Hagen, Synop., 39, 5. 

Female sub·imago (dry, just casting the skin).-Grayish-brown; head 
large, triangular, flattened, luteous; eyes distant, black ; posterior ocelli 
large, the anterior small; antennoo short, stout, brownish, paler at the 
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base; the hind border of the occiput straight. Prothorax short, h~nd· 
margin deeply notched, nearly bilobed, pale, shining; thorax thick, pale, 
shining on the middle denuded parts. Abdomen stout, dull-yellowish 
above, with black oblique spots on each side of the segments, and some 
finer lines on the ventral side. The described parts, except the anten
nm, are out of the nymph-skin belonging to the imago. Abdomen of 
the subimago pale, last dorsal segment with a small median projection ; 
setm strong, faintly pilose, long, grayish-brown; a large mass of eggs 
is protruded, but the parts are not in good condition ; feet pale, grayish
brown, well developed, tarsi :five-jointed; anterior wings large, opaque, 
pale yellowish-gr<ty; the longitudinal veins yellowish, the transversals 
brown, somewhat fumose; hind-wings more yellowish, the apical border 
larger, grayish; reticulation similar to Ephemera. 

Length, 14 millimeters; alar expansion, 42 millimeters; setm, about 
30 millimeters. ' · . 

Habitat.-vVashington (Osten Sacken); foot-hills, Colorado, August 
(Carpenter). Both female subimagos, and bothjn very poor condition .• 

In the type of the species, the femur, on the tonly present) anterior 
foot, with a dark-brown ring in the middle. · 

LEPLOPHLEBI..A. 
L. paZZ.ipes, sp. nov. 

Female imago.-Brown, shining; head light-bro~n; antennre grayish, 
brown at the base; around the ocelli black; prothorax notched behind; 
meso thorax black, shining above; abdomen dark brown, segments on 
tip with a darker ring; setm broken ; vulvar lamina long, broad, bifid, 
the lobes elliptical; legs thin, pale-whitish, the femora ·darker on tip; 
wings hyaline, transversal veins very :fine, nearly invisible, except a few 
on the tip of the costal m!trgin. 

Length, 6 millimeters; alar expansion, 15 millimeters. --
Habitat.-Nevada, Truckee in ·the Sierra Nevada (Crotch). 
Tarsi, 4-jointed; the reticulation and the shape of the bind wing sim

ilar to the wing of L. helvipes, :figured by Mr. Eaton (M:onogr., Pl. iv·, ~6, d.). 
Nympha-skin (perhaps belonging to Heptagen·ia pudica).-Body broad, 

flattened; head small, half as long as broad, visibly enlarged in front; 
the bind part inflated with a rounded tubercle each side; the front bor
der cut off straight; the Rides oblique ; the front angles rounded ; the 
.whole border fringed with wooly hairs. Antennm short (not complete), 
a little longer than the front border; two stronger basal joints, second 
longer; and a conical seta, the joints of which could not be ascertained. 
The head (for the escape of the imago) split transversely behind the 
antennm, and the occiput in the middle; the part above the mouth
parts (vieweu from the front) is str~.ight, and superseded by the de
sc~ibed flattened border, which forms a triangular projection on each 
side; labrum transversely oblong, yellow, blackish on each side at the 
base; mandibles anu maxil1m strong, -yellow, with blackish apical teeth; 
labium transversely elliptical, four-lobed, a 2jointed · large palpus 
each side. Thorax large, nearly twice the breadth of the head, pale
gray, with. some brown spots; · prothorax fiat above, short, larger be- . 
hind, the angles sharp; each side near the middle of the flattened bor
der an exserted, conical, sharp spine; meso- and metathorax rounded 
above, with tria.ngnlar wing-ca~es covering the basal segments of the 
abdomen. The wing-cases are separated by the notched hind b01·der of 
the meta thorax; the cases of the posterior wings are not visible, and 
seemt to be . connected with the anteriors in the manner of Bmtisca. 
Abdomen a little longer than the other parts of the body, broad, fiat-
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tened; the segments, 2 to 9, produced on each side, in a large triangular 
process, bent behind, very sharp at the tip; abdomen pale-gray on each 
side, above a series of brown spots, with some in the middle between 
them; the triangular processes, on the segments 4 to 9, dark-brown, with 
a pale ring before the extreme tip, which is again blackish; segments 
4 to 7, above each side, with a large flattened orbicular gill inserted be
neath the hind border of the segments, where the lateral process begins; 
all lateral processes covered and fringed with wooly hairs; last segment 
short, transversely oblong; the dorsal apical border produced in tbe 
middle; the three set::e a little shorter than the abdomen, equal, slender, 
pale; the fourth joint with a black, apical ring; on the apical third 
four segments black, also ~he tip ; set::e fringed with long hairs; feet 
flattened; the femurs dilated in the dorsal middle, ending in a superior 
spine, pale with three brownish bands; tibi::e black at the base and the 
apical half; tarsal joint black on the basal half and on the tip; the 
single claw pointed black at tip. Genital parts of the male on the ven
tral side of the ninth segment, forming on tip a transyersal lobe, with a 
triangular longer one on each ·side, and a little before an elongated bifid 
lobe; the female has the ninth segment produced in a larger elliptical 
lobe. 

Length, without set::e, 15 millimeters; set::e, 7 millimeters; greatest 
breadth of the abdomen, 5 millimeters. 

Hctbitat.-Oolorado, mountains and plains, July 19, September 19, Mr. 
Carpenter. Three skins of the nv.mplttt. 

The form of the nJ;mpha is a ve1~y extraordinary one; so far as I know, 
the next relateq is the nymphet of Heptagenia, and considering the large 
size it would not be improbable that this nympha belongs to H. pudic~. 

Family ODON.c\.TA. 

Subfamily LIDELLULIN A.. 

The genera Pantctla., TTamea; and Plathemis are not yet represented 
in the collection of the expedition; nevertheless, it is very probable 
that some of the widely-spread species of those genera occur in the 
Territories. P. hynwncea., 'T. lacm·ata, and Pl. trimaculata will, perhaps, 
be discovered there. 

LIBELLUL.A.. 

L. 4-rnaculata, Hagen, Synop. 150, 1. 
Habitat.-Snake River, Idaho, and Ogden, Utah, collected in 1871 by 

1\fr. C. Thomas; Bridger Basin, Wyoming, by 1\ir. S. \V. Garman. This 
species migrates iu immense flocks in the Saskatchewan district, in 
Canada, in vVisconsin, and around· Lake lVIichigau, just as in Europe 
and in Siberia. Stowe, J\ofass., is tlw most southeastern limit for the 
United States; it is very common in Northern and Central Europe and 
in Northern Asia as far as Kamtchatka. 
L. nodisticta, Hagen, Synop., 151, 3. 

jJifale adult.-Pruinose, clothed with white hairs. Labium yellow, with 
a large blaek band strongly coarctate just before the tip; labrum 
luteous, a blackish border on the anterior margin, not reaching the 
sides, and some ill-defined brownish spots in the middle and on the 
basal margin; rhinarium and epistoma luteous; front brassy, black 
above and before~ with a bright-yellow spot on each side near the epis
toma. Antenn::e black ; vertex brassy-black, Jnflated, narrower at, the 
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tip, the angles not sharply pointed, the vertex roughly punctured in 
front; occiput brown; eyes black behind, clothed with white hairs, a 
large yellow inferior ~pot near the margin, and a smaller quadrangular 
one above it; thorax black, densely pruinose, on each side»an inferior 
yellow spot after the legs, and the indication of some ill-defined paler 
spots above and before them; abdomen tapering to tip, black, densely 
pruinose; segments each side on the ventral part with a large, reniform, 
somewhat irregular or divided bright-yellow spot; appen<lages bJac'k, 
the superiors as long as the two last segments, cylindrical, thicker before 
the outwardly-bent, pointed tip, beneath with a series of about eleven 
small teeth; inferior appendage a little shorter, triangular, broad, 
recurved ; genital parts in the second segment, with the anterior lamina 
broad, cut straight, a small notch in the middle of the margin ; books 
ye1low, cylindrical, stouter on tip, which is excavated, the interior part 
of' the excavation forming a vroduced unguiculated process; feet black; 
wings hyaline, with a blackish spot on the nodus, anq a larger blackish 
.band from the base to the triangle after the subcosta, somewhat enlarged 
along the anal border of hind-wings half-way of the whitish membranula; 
wings milky-white around the basal band and to the nodes; veins black, 
the first antecubital yellowish; pterostigma long, oblong, black; ante
cubitals 12 to 14, postcubitals 9 to 10; transversal veins in triangle, 2 
to 3; four discoidal areolets, beginning with 5. 

Male teneral.-The yellow color always brighter and more produced; 
dorsum of the thorax brown, with an ill-defined, broad, grayish band 
each side; on the humeral suture dark-brow~; the crista and sinus 
black; the sides of the thorax paler, with four bright-yellow spots, two 
inferiors oval, bordered with dark-brown, and two superiors triangular, 
one between the wings; the other near abdomen ; thorax beneath pale; 
abdomen fulvous, the sutures and margins black ; a large black dorsal 
band, not reaching the base ; each side oval, yellow spots on the seg
.ments; the two last segments black; abdomen beneath fulvous; the 
sides and the tip of the segments blackish ; feet black ; femora brown 
at base; the anteriors brown beneath; wings without the ·milky-white 
tinge. 

Female adult.-Pruinose and similar to the adult male, combining in 
some parts the colors and pattern of the teneral male; labium yellow, 
with a narrow black line on the meuian lobe and the interior margin of 
the lateral lobes; labrum yellow, the middle part of the margin brown
ish ; head yellow ; space between the eyes black, the same color pro
duced a little on the front above and on the sides; vertex brown, black 
on the sides; eyes behind bright-yellow, two transversal bands and the 
part near tbe occiput black ; the head is exactly as in the teneral male, 
expept a larger black band on the labium ; dorsum of the thorax prui
nose as in the adult male; the sides less pruinose, with the four yellow 
spots well defined; abdomen not tapering, the eighth segment enlarged, 
pruinose, segments 1 to 9 each side above and beneath with a large, 
oval-yellow spot; appendages a little longer as the last segment, black, 
villose, cylindrical, ta.pering to the outward bent fine tip; lobe be
tween them lutrous, black at base; vulvar lamina ~xserted, short, 
notched in the middle, the sides thickened ; eggs protruded, small, 
yellowish; feet black; wings similar to the male, but without the 
milky-white tinge, the black band ending before the triangle; 16 ante-
cubitals, 11 to 12 postcubitals. · 

Female teneral.-Similar to the teneral · male; head similar, black 
band of the labium broader ; body not pruinose; dorsum of the thorax 
brown, yellow spots OI;t ~he sides larger, forming two interrupted oblique 
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bands; abdomen similar but ~ot pruinose; wings similar, basal bands 
rudimentary, covering only the extreme base; 13 antecubitals, 9 post
cubitals. , . 

Length of the body, t ,147 millimeters; ~, 46 millimeters; abdomen, 
t, 30 millimeters ; ~ , 28 millimeters ; alar expansion, 6, 80 milli
meters; ~, 76-78 millimeters; appendages, J, 2; pterostigma, 4 milli- · 
meters. 

HabUat.-~f.exico, the cdlder region, by M.r. Saussure, a teneral male 
described in my Synopsis; an adult couple and a teneral female from 
Yellowstone, Hayden's expedition, 1872. 

L. forensis, Hagen, Synop., 154, 9. 
This species was first described after a male from California in the Ber

lin Museum. Now I have before me a pair from the Yellowstone, arul a 
number of specimens from Victoria,- Vancouver Island. Thjs species is 
similar to L. nodistictct, but surely different. 

In tlle adult male, the bead is entirely black with the labrum; only 
the extreme lateral border of the labium, and an indication of the 
lateral spot of the front, yellowish; the thorax is much more villous, 
the fine hairs longer and more dense; the dorsum of the thorax pru
inose, but a large, dark-brown band covered with brown hairs on the 
humeral suture; the sides brown: beneath, two elongate yellow spots in 
the middle, and the part above tllem pale and covered with long fur-

. like white hairs, interrupted on the second suture bfY the brown color 
expanding upward; abdomen similar to L. nodisticta, pruinose, the yel
low lateral spots on the dorsum more elongat~d, visible to the eighth 
segment; appendages similar, but the inferior more pointed ; genital 
parts similar, but the anterior lamina forming an ovoid lobe, faintly 
notched on the tip; feet black; wings analogous, but more intensely 
colored ; the basal band larger, exceeding the triangle ; a large trans
versal black bawl beginning on the nodus and :tapering to the hind 
margin, indented in the middle ; the space between the bands and the 
pterostigma below the nodus largely milky white, but this color not 
reaching tlle ~,pical or hind margin; 16 antecubitals; postcubitals. 

Female ad·ult.-Similar to the male; bead paler in front, rhinarium, 
epistoma., brown '; front abov·e with two large, quadrangular, yellow spots, 
separated by the black middle furrow ; abdomen pruinose, similar ; vul
var lamina larger, opened in the middle; wings alike, the brown bands 
more or less developed. 

One younger female from British Columbia has the thorax and abdo
men not pruinose, dark-brown; the wings without milky-white tinge. 

Length of the body, t, 51-!4 mi1limeters; ~, 48-44 millimeters; ab
domen, t, 34-28 millimeters; ~, 32-27 millimeters; alar expansion, t, 
32-7 4 millimeters ; ~ , 82-72 millimeters; appendages, ~ , 2 ; pteros-
tigma, 4. . 

Httbitat.-Oalifornia, ·Berlin Museum; Victoria, Vancouver's Island, 
July, Mr. Crotch; British Columbia, Mr. Crotch; Yellowstone, Hayden's 
expedition, 1871. The latter ones have the smallest dimensions. 

L. forensis imitates strongly L. pulchella, a species widely spread and 
very common everywhere east of the Hocky Mountains; the dark
brown tinge of the tip of all the wings in L. pulchella., the smaller size, 
and other differences, easily separate the two species. 

1 
A very similar case of imitation is afforded by the two known species 

of Plathemis, but P. trina.cula.ta inhabits only the vast tracts of land 
east of the Rocky Mountains ; P. subornata, west of them. 

L. p~tlchella,, Hagen, Synop., 153, 8. · • 
Of this well-known species, one male is in the collection of the Hay-

) ' 
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• den expedition of 1871, taken at Ogden, Utah, the only one kno\vn to 
have been found west of the Rocky Mountains. The species is very com
mon in all States east of the Mississippi and in Northern Texas. Tpe 
southern limit seems to be Mississippi and Georgia . 

. L. saturata, H agen, Synop.~ 152, 4 (partim); Uhler, Proc. Acad. Nat. 
Sci., Phila., 1857, 88, 4. ' 
Stout, reddish-yellow, subvilJous; vertical vesiele narrower at the tip, 

the sides not emarginated ; abdomen broad, narrower at the tip; geni
tal parts in the second segment, with the hooks excavated transversely 

· on the tip, both ends equally pointed, the interior end black. Body of 
the female brownish; sutures of the abdomen black; vulvar lamina 
widely emarginated; feet reddish-yellow, villose; wings of the male 
hyaline, the anterior margin and the basal half yellowish rufous ; basal 
space and triangle fuscous, the second costal space of the ·nodus sub
f'uscous ; veins reddish, the transversals in the first and second costal 
space bright-yellow; wings of the female hyaline, the costa l margin, 
the basal space, and the triangle colored as in the male; pterostigma 
narrow, long, fulvous; membranula black; 24 antecubitals, 15 post
cubitals, 5 discoidal areolets; 3 to 4 veins in the triangle. 

Length of the body, 55 millimeters; alar expansion, 90 millimeters ; 
pterostigma, 5 millimeters. 

Habitat.-Yellowstone (Professor Hayden's expedition), males and 
females ; Arizona, August 5. This species was first described by Mr. · 
Uhler after a single mutilated individual from the San Diego trip by Dr. 
T. H. vVebb, perhaps not from California. At tbe time when I published 
my Synopsis, I knew only a male from the Berlin 1\iuseum, from Mexico, 
and a male and female communicated by Mr.' Saussure, collected at 
Tampico or Cordova, Mexico. The latter pair belongs, as I now per
ceive, to L. croceipennis. As both species are very similar, I give the 
difierences of the latter. 

L. croceipennis, De Selys, Ann. Soc. Belg., 17; Bull., 67, 1.-Lib. sa-
t~trata, Hag., S~:n, 152, 4 (partim ).. . 
Very near and . similar in colors to L. saturata, but a little smaller in 

size; the base of the wings in the male less colored; the basal space and 
triangle not friscous; the veins in the two costal spaces reddish ; secqnd 
hooks in the male with the interior·· pointed end much longer, black; 
a,pical inferior lobe of the second segment of the abdomen larger. These 
differences are taken by comparing the male from California, described 
in the Synopsis as L. saturata, with De Selys's description, and the males 
of L. saturata from Yellowstone. The following statements are manu
script notes on the specimens, communicated by Mr. Saussure. 

The male from Tampico has only the alar expansion 80 millimeters; 
the head in front and the feet darker; the wings less yellowish, the 
yellow color on the costal margin not reaching. the nodus, going hardly 
beyond the triangle, which is not darker than the rest. The female 
from Cordova is a young one, paler meso thoracic crest yellow, a yellow 
band between the wings; appendages yellow ; the eighth segment later
ally dilated; vulvar lamina short, elevated, deeply emarginated, thick
ened on the sides; wings hyaline, costal margin to the principal sector 
and triangle yellowish. 

Babitat.-Oape San Lucas, Lower California, by Xanthus de Vesey; 
Tampico, Cordova, Mexico, :1\'Ir. Saussure. After De Selys's Orizaba, 
Vera Cruz, :Mexico, Guatemala, and perhaps Colombia. 

I have no doubt about the identity of the male in my collection with 
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De Selys's L. croceipennis, and the fact that Mr. Uhler at once objected to 
my former opinion about its identity with his L. saturata confirms the 
statement made above. 

L. flavida., Hagen, Synop., 156, 15. 
In my last report I mentioned a fragment of this species from the 

Yellowstone, and I find the same statement in my note-book. The frag
ment not being at band, other specimens would be required to corrobo
rate the habitat. This species is known from Pecos River, Western 
Texas. 

L. composita, Hagen, Hayden's Report, 1872, 728. 
I have seen a single female only, which is fully described in the 

report, and provisionally placed in the genus .L~fesothemis, _near 1J1. cor
rupta. Considering the large size of · L. composita, the· small, rounded 
lobe of the protborax, the enlarged apical segments of the abdomen, 
and the form of the vulvar lamina, the species should probalJly be 
placed in Libellula proper. 

Habitat.-Yellowstone. 

MESOTHEl\US. 

lJf. collocctta, Hagen, Synop., 171, 3. 
I named this species after a fragrp.ent in very bad condition in the 

Yellowstone Report. The abdomen of a female was in one bottle and 
the remaining parts of the insect in another; besides this, the Yellow
stone collection contained some pressed specimens not fitted for scientific 
use. I therefore consider my identification somewhat dubious, if I had 
not received in the mean time two pairs from San Diego, Cal., by 1\'Ir. 
Crotch, which, belonging probably to the same species, confirm my 
opinion. A full comparison is even now not possible, as the male type 
of ]f. collocata is a teneral one, and the two males from San Diego very 
mature; but. the females agree exactly with the rudiment from Yellow
stone. This -species is very near to llf. s~mplicicollis, but different in 
the black superior appendages of the male; the inferior one is yellow, 
a _ character not stated in my Synopsis. In the 37 ounger female, the 
appendages are yellowish, but the quadrangular, black, dorsal spot on 
the segments 4 to 10 is wanting; only the sutures and margins of all 
segments are black. Though convinced of the rights of the species, 
more material would be needed for a full scientific description. 

111. sirnplicicollis, Hagen, Synop., 170, 1. 
In my last report I mentioned a single female from Ogden, Utah; at . 

present I am more doubtful, the specimen being very imperfect. Prob
ably it belongs to the foregoing spepies. JJf. simplicicollis is very com
mon everywhere in the vVestern Territories east of the Rocl\y Mount
ains from the northern border to Florida, Cuba, Texas, and Mexico. 

No specimen is known from parts west of the Rocky :Mountains. 

JJ1.. illota., Hagen, Synop., 172, 4. 
A female in my collection from the Yellowstone, but imperfect, with

out the head, belongs probably to this species, which is common in 
California from the Gulf of Georgia to Cape Mendocino and San Diego. 
The L. gilva from Columbia is very similar, perhaps identical. 

M. con·upta, Hagen, Synop., 171, 3. 
This species is very common in Texas, California, and is discovered 
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in Illinois by Mr. Walsh. There are a few teneral specimens from the 
foot-hills of Colorado, June 25 to July 6. 

lJL longipennis, Hagen, Hayden's Report, 1872, 728. 
Habitat.-Yellowstone (C. Thomas). ..L\. species common everywhere. 

DIPL.A.X. 
D. atripes, sp. nov . 

. Male.-Reddish-brown, subvillous; labium, labrum, and bead reddish;. 
front above near the eyes with a large, blackish, transverse band; vertex 
reddish, large, inflated, smaller at the tip, with the angles not well 
marked; occiput reddish-brown, villous; e~'eS behind reddish-brown, 
with transverse blackiRh spots. Prothorax reddish, black beneath, the 
posterior lobe with very long htlirs; thorax clothed with brownish hairs, 
reddish-brown, the mesothoracic crest and the sutures on both sides 
blackish. .Abdomen reddish; ventral margin of segments 7 to 9, with a 
large black band; appendages reddi~h, villous, the superiors cylindrical, 
straight, somewhat thicker for the tip, with about five small teeth; tip 
shortly-p9inted ; the inferior a little shorter, triangular, somewhat 
smaller toward the apex; the tip bent upward, with two small teeth; 
genital parts of the second segment with the hamule black, bifid, the 
branches not very widely separated, the external stouter, elongately 
triangular, a little dccurved at the tip ; the internal shorter, slender, 
strongly recurved, acute at the apex; ge~ital lobe oblong, rounded at 
the tip, interiorly inflated; ·anterior lamina with a small tooth in the 
middle of the margin; feet black; the anterior femora pale-brown 
beneath; wings hyaline, with a faintly smoky tinge; the extreme base 
fiavescent; membranula white; veins reddish-yellow; pterostig-ma 
oblong, reddish; 7-8 antecubitals; 7 postcubitals. 

FemaZe.-8imilar to the male, paler ; bead yellow ; dorsum of the 
thorax pale-brown, sides yellowish, with three wavy, blackish lines on the 
sutures; abdomen luteous; a large black band on the ventral margin, 
and another above it not reaching the apex; segments 7-0, with a 
black dorsal band in the middle; appendages yellowish, cylinurical; 
vulvar lamina short, truncated; feet as in t ; trochanters rellowisb; 
in teneral females all femora above in part yellowish ; wings as in t, 
the base larger, flavescent; sometimes also the costal border to the 
pterostigma. 

Length of the body, ~ , 30-38 millimeters ; !i1 , 31-35 millimeters; 
· alar expansion, t, 43-60 millimeters; !i1 , 52-58 millimeters; pteros

tigma 1 ~-22 millimeters. 
Habitat.-Yellowstone; some pairs in copula (1\fr. Carpenter). · This 

species is nearly related to D. costijera, but different by the black color 
of the feet. · 

D. decisa, sp. nov. 
· Similar in shape and colors to D. vicina; labium luteous; labrum and 

bead in front yellow ; front above deeply canaliculated, discolored ; a 
large black band before the eyes; antennre black ; vertex nearly 
globular, the anterior angles obtuse, luteous, black around the ocelli ; 
occiput luteous; eyes behind luteous, with two transversal brownish 
bands; thorax reddish-brown; on the dorsum a bro~nish tinge, dilated 
triangularly to the prothorax; abdomen reddish-brown; sutures yellow
-ish, a black, lateral band dilated behind on the ventral margin of seg
ments 3 to 9 and two yellow dorsal spots, nearer to ·the base ; abdomen 
beneath pale-brown; margin of segments 4 to 7 black; venter black; 
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appendages reddish, cylindrical, the apex acute, black, recurved be
neath, in the middle with a stout triangular tooth,, with the apical side 
straight, the basal side oblique, with 6 small teeth; inferior appendage 
shorter, ending just after the tooth of the superiors, triangular, but tile 
apical half of equal breadth; the tip a little excised, nearly bifid; gen
ital parts of the second segment with the hamules long, bent at the 
base, straight, rounded externally, the apex bifid ; the external branch 
stout, triangularly-pointed; the internal of t>quallength, slender, ungui-

. culated; anterior lamina excised; sheath of the penis orbicular, with a 
longitudinal impressed furrow; apical lobe of the second segment small, 
triangularly-pointed; feet black, all trochanters and the anterior femora 
beneath reddish-yellow; wings hyaline, the extreme base flavescent, 
membranula whitish, a little cinereous on the margin; veins reddish, the 
costa and some transversals near the base yellowish ; pterostigma 
oblong, :yellow, darker in the middle; 7 antecubitals; 7 postcubitals; 
3 discoidal areolets. 

Female similar to the male, paler, coloring more -luteous; the 
lateral black bands of the abdomen more enlarged to the tip, no yellow 
dorsal spots; appendages yellow, slender, cylindrica1, the apex acute; 
vulvar lamina triangular, bifid, the two branches pointed at tip and a 
lit.tle divergent; the femora of the anterior and intermediate feet ;yel
lowish beneath. 

Length of the body, t, 34 mil1imeters; S?, 32 millimeters: alar 
expansion, t, n2 millimeters; S?, 53 millimeters; pterostigma 2 milli
meters. 

Habita.t.-Foot-hills, Colorado; Colorado Mountains, Pacifi'c slope, 
August 15 to September 6 (Lieutenant Carpenter), sever3J pairs. The 
species is very similar to D. vicina, but differing in the black feet and 
the genital pints of hoth sexes. Some frngments of the male from the 
Yellowstone are a little h.1.rger, but probably the same species. 

D. pallipes, sp. nov. 
Jfale.-Very similar to D. decisa, but larger in size and paler in color, 

differs in the following characters: no transverse, black band before the 
eyes; vertex yellow in the middle, brownish on each side; tbe color of 
the dorsmri. of the thorax apparently changed by the alcohol, puler 
(perhaps greenish), with a trinngular, brownish band in the middle~ and 
on each side an ill-defined brownish line, not reaching tile sinus ; sides 
of the thorax red in the superior half, some ill-defined paler spots above 
the leg~. Abdomen more slender, sutures brown ; no black dorsa.l or 
ventral bands, except a dorsal brownish mark on the third and base of 
the second segment; however, these marks could be produced by the 
decaying process; on the third and fourth segment an indication of two 
yellow spots befone the apex ; Yt>nter pale; appendages similar, but the 
inferior middle tooth of the superiors with tile interior surface not 
obliqu_e, more perpendicular; ·the apex of the tooth yellow, with the 
small tooth more pronounced and black; genital parts similar, but the 
external branch of the hamule e.xca,~ated exteriorly and cut on t}le tip; 
internal branch black ; the apical lobe of the second segment narrower, 
more jointed. Feet more slender, reddish-yellow, a fine black line out
side of tbe femora, not reaciling the base, and a finer and shorter one 
on the tibia near the black spines; joints of the tarsi black at the tip. 
Wings similar, less flavescent at the base; 8-9 antecubitals; 7-~ post
cubitals. 

Length of the body, 40 millimeters; alar expansion, Gl millimeters; 
pterostigrria, 2 millimeters. 

Habitat.-Foot-hills, Colorado (Lieutenant Carpenter). 
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D. semicincta, Hagen, Synop., 176, 5. 
A fragment of a female simila.r to my specimens, bt~t the fuscescent 

color extending upon the anterior wings as far as on the posterior. wings. 
I never saw similarly-colored specimens from the region east of the 
Rocky 1\:fountains. · 

Habitat.-}j,oot hills, Colorado (Lieutenant Carpenter). . The species 
is not rare in the States east of the Mississippi as far south as Mary
land. · 

In the last report (1872, p. 728), I noticed from the Yellowstone region 
IJ. assimilata, IJ. scotica, and IJ. vicina. The first species is, as I now 
perceive, my .D. decisa; the other two are no more at hand. 

Subfamily CORDULINA. 

EPITHECA. 

E. semicircularis, De Selys, Synop. des cordulines, 61, 37. 
Dark brassy-green ; occiput and labium black; rhinarium and labium 

pale-yellowish; on each side of the front a large luteous spot, connected 
sometimes on the lower edge of the front in a narrow luteous band, inter
rupted in the middle by a small black interval; eyes black behind; 
thorax dark brassy-green, clothed with long grayish-brown pile before 
the sinus, sometimes transversally fulvous, sometimes not; the sides 
with two ill-defined luteous spots; feet entirely black; abdomen brassy
black, a large fulvous spot on each side of the second segment, a smaller 
one on the third segment (often wanting in the males) ; segments 4 to 8 
with a small fulvous basal spot on each side (always wanting in the 
Colorado specimens); appendages of the male black, the superiors long, 
subcy lindrical, carinate inferiorly and exteriorly ; . viewed from above, 
the basal half is convex, straight, tapering, divergent; the apical half 
is bent· slightly outward, then inward, subexcavated before the 
pointed end; viewed laterally, the appendages are curved somewhat 
downward, the apex laminate, the lower edge with a small external 
basal tooth, beyond the middle a rounded lamella, and between th~m 
the internal edge produced in form of a larger rounded lamella. Both 
lamellae, viewed from above, appear as lateral projections; inferior ap
pendage more than half the length of the superiors, triangular, bluntly
pointed, · concave below, recurved, the tip minutely uncinate a,bove; 
appendages of the female long, stout, cylindrical, black; vulvar lamina 
half the length of the segment, yellowish, quadrangular, somewhat erect; 
apical margin rounded, split in the middle; wings hyaline, or with a 
yellowish tinge (Vancouver Island specimens); costa lined with yellow; 
extreme base of the bind-wings subfumose; membranula blackish-gray, 
white at the base; antecubitals, 7-8; postcubitals, 6-7; triangle in some 
specimens with a transversal vein in one or both bind-wings. 

Length of the body, 50-46 millimeters; alar expansion, 80-60 milli
meters ; pterostigma, 22- millimeters. 

· Habitat.-Gulf of Georgia (by Mr; A. Agassiz, the male type described 
by De Selys), Vancouver Island, in July (1\fr. Crotch); Colorado, on 
Twin Lake and .Arcade Hiver, August 1 to 16 ; Pacific slope, August 16 
to September 6 (Lieutenant Carpenter); Ogden, Utah (Mr. C. Thomas). 
A careful study of the male type in the collection of the museum shows 
the anterior femora entirely black, not ''presque no·iratre," as in De 
Selys's description. This character is very important as difference from 
E. forcipdta. The words of the description, "Je crois d'istinguer en 
dessous une sorte de dent submediane analogue ·a ce que l'on voit chez E. 
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arctica," are to be struck out, as this appearance was due to some dirt 
which stuck to the appendages of the typical specimen. The male type 
and the pair from Vancouver's Island are larger, most of the Colorado 
specimens show smaller dimensions, and differ as stated above by the 
abdomen being black, without fulvous basal spots on segments 4-8; 
this may be due, perhaps, to the action of the alcohol or of some sub
stance added to the alcohol for the better preservation of the specimens. 
The difference of E;forcipata is no longer doubtful after the examination 
of more specimens, but this species is very nearly related, and differs by 
the labrum having a brownish spot on each side, by the anterior femora 
being partly fulvous, by the appendages of the male; the vulvar lamina 
of the female is the same, split on the apex. Having now carefully com
pared E. arctica of Europe with both species, I am very sure of the spe
cific difference of this species . . In E. arctica, the split at the apex and 
the appenda~s of the male are different. 

Subfamily lESCHNINA. · 
t 

.2ESCHNA • 

.2E. constricta, Hagen, Synop., 123, 8 (Hayden's Report, 1872, 727). 
HabUat.-Yellowstone, common (C. Thomas); foot-hil1s, Colorado, a 

male without head. This species is common everywhere east of the 
~ Mississippi from Canada to Maryland and west to vVisconsin and 

British Columbia . 

.JE. rwuUicolor, Hagen, Synop., 121, 4 (Hayden's Report, 1872, 727). 
Habitat.-Yellowstone (C. Thomas) ; Vancouver's Island (::VIr. Crotch); 

Upper Missouri, Pecos River, \Vestern Texas, and Cordova, Mexico. 
A decidedly ·western species . 

.l:E. propinqua, Hayden's Report, 727. 
Habitat.-Yellowstone, fragments of the male and female; Colorado 

plains, June 25 to July 5, female. The specimens ar{:'; not in good condi
tion, but I believe them to belong to the species ~lescribed by 1\Ir. 
Scudtler from the White l\iountains, New Hampshire. In the report of 
1872, I did mention one female of the . .JE. eremitica from Yellowstone; 
perhaps this female belongs also to .JE. prozJinqua. 

Subfamily . GOM:PHINA. 

OPHIOGO:MPHUS. 
0. severus, sp. nov. , 

Greenish-yellow; head and mouth parts .greenish-yellow, labium and 
labrum paler ; antennre black ; part between the eyes black, forming a 
transverse black band above the ·base of the front, excised in the mid
dle; vertex greenish-yellow, flat, the front margin deeply notched, the 
sides of the vertex cariniform, curved in an exact semicircle around 
the lateral ocelli; occiput greenish-yellow, straight, fringed with black 
hairs, a small rounded inflation in the middle of the front side; eyes 
behin<l greenish-yellow, with a small, black band along the superior 
border, beginning near the occiput. Thorax greenish-yellow, an ill
defined, brownish spot on the dorsum each side near tlle wings; the 
crest of the sinus not exceeding the bifurcation, black, and an incom
plete blackish ba.nd on the humeral suture beginning at the wings. 

(Three males and two females from Colorado, in alcohol; a single male 

J 
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from Yellowstone, preserved dry, shows the following pattern) : dorsum 
with a broad black band in the middle, following the sinus above and 
united with a complete black band on the humeral suture. Mesotho
racic crest from the bifurcation to the prothorax yellow ; a large, ovoid, 
black spot each side of the dorsum, not confluent with the bands; a 
black band on the second lateral suture, nearly united by a superior 
line at. the base of the wings with the humeral band; an inferior, incom
plete black band on the first suture, ending at the stigma.. Abdomen 
cylindrical, enlarged at the base, and on t.he seventh to ninth segments 
greenish-yellow; a.ll the segments each side on the apical half with a · 
large blackish band ; the bands are interiorly dilated at the tip, anq 
converging (diverging on the first segment); venter black on segments 
3 to 6, orange on the following; in the Yellowstone male, the bands are 
broader and confluent on the tip ; the sellow part between the bands 
forming a basal hastiform spot; appendages yellow, t»e superiors. 
about as long as the last segment, short, parallel, stout, trigonal, exte
riorly rounded, subincurved, pointed on tip, which is bent outward, 
beneath somewhat thickened before tip, with numerous small black 
spines; inferior appendage a little shorter, triangl1lar, bifid to the base, 
contiguous? the basal half forming an obtuse elevation, the apex recurved 
~ith a smav black superior tooth ; genital parts in the second segment 
with the first harnule forming a lobe interiorly hollowed; the tip with a 
semicircular excision, the hind angle of the tip prolonged in a strougly
bent slender black hook; second hamule longer, the tip suddenly nar
rowed, a little recurved, blackish, cut straight; penis with an inferior 
tooth on second joint, the last one with two long spines; sheath of the 
penis hollowed out, four-lobed, the two inner lobes cylindrical, divergent, 
the outer ones large, fiat, semicircular; earlets ;yellow, large, rounded, 
on the hind band a series of small, black teeth. The female bas the occi
put exactly similar to the male, without any posterior teeth; append
ages yellow, short, pointed; vulvar lobe triangular, a little shorter than 
the segment, · bifid to the base, contiguous, indented short before the 
sharply-pointed black tip, which is bent outward ; feet yellow, femora 
an apical superior black band, beginning on the knee, divided anteri
orly; beneath with numerous very short black spines; tibire black be
neath and interiorly or on both sides with a black line and long black 
spines; tarsi black, all or only the basal joint ,Yellow above; wings hya
line, veins black; the costa and some transversals yellow; pterostigma 
oblong, a little dilated in the middle, yellowish, darker in the middle, 
covering nearly three areolets; 11-12 antecubitals, 7-10 postcubitals; 
2 discoidal areolets: membranula whitish. 

Length of the body, 51 millimeters; alar expansion, 61-68 millime
ters; pterostigma., 2~ millimP.ters. 

Habitat.-Colorado (1\-Ir. James Ridings); foot-hills and plains of Col
orado. End of September (Lieutenant Carpenter); Fort Garland, Col
orado, June 27, South Montana and Yellowstone (Mr. C. Thomas). This 
is the species given in my last :report (p. 726) doubtfully as G. colubrinus. 
This interestingspecies is vers near 0. colubrinus in the appendtt.ges and 
.genital parts of the male, but different in the pattern of color on the 
head and abdomen and the structure of the occiput in both sexes. 0. 
colubrinus is a species rarely to be found in collections; even the female 
is not yet described. To prevent doubts aboht the rights of 0. set'erus, 
I give here a description of the female of 0. colubrinus. I do not pos
sess the male, and my manuscript description of it is still in Europe. 

0. colubrinus, Hagen, Synop., 101, 7. 
Female.-Greenish-yellow, marked with black; labium luteous, the 
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margins clothed with pale-brownish hairs; median lobe with a broad ' ' 
black band on the anterior margin; lateral lobes and the palpns dusky-

, brownish; labrum yellow, with a black shining band on the anterior 
margin and a narrower one at the1 base ; bead yellow; rhinarium with 
a pale, slender, transverse, black line, interrupted in the middle near the 
base of the labrum ; epistoma with an inferior transverse band, and an
other between the front and the epistoma, a little dilated on the sides, 
and united near the eyes with the black band above on the base of the 
front before the antennre; this band is produced a little in the middle 
and before each antenna; antennre and part between- the eyes black; 
vertex black in front, brownish near the occiput, cariniform, excavated 
above, front margin rounded, notched in the middle, with a deep, curved 
impression on each side near the margin; the sides of the vertex curved 
in a semicircle around the lateral ocelli; occip~1t yellow, straight, with 
an anterior furrow in the middle, the border with long, black cilia; each 
side near the furrow a long, sharp spine, yp,llow at the base, blackish on 
tip, divergent, the tip gently recurved inside near the base with a sharp 
tooth, a smaller one after the middle, and a very small one just near the 
tip; each side behind the eyes just near the occiput alld not to be seen 
in the front view, a stouter black process, cylindrical, somewhat rough 
and divided by two transverse furrows, blunt at tip; eyes behind yel
low, with a large, superior, black band; thorax greenish-yellow, with a 
large blackish-brown band in the middle, narrowed toward the sinus, and 
a large blackish band, not reaching the wings, narrowed above and sepa
rated only by a slender yellow line from a similar band on the humeral 
sutur~, which is narrowed beneath; sinus and Iilesothor~cic crest black
ish-brown; sides of the thorax yellow, with a blackish band on the sec
ond suture, and an incomplete inferior one on the first suture, ending 
near the stigma; thorax beneath yellowish ; abdomen (not in good 
condition) yellowish, each side with a dorsal blackish-brown band, and 
between them yellow, hastiform, large spots, not reaching the apex in 
segments 5 to 6; smaller, and only basal on segments 7 to 9; segment 
10 yellowish, the apical margin blackish; the sides of the segrnents yel
lowish; on segment 2 a large blackish spot; vent.er brownish; append
ages wanting; vulvar lobe a little shorter than the segment, triangular, 
bifid to the base, the lobes rounded, tapering to the tip and convergent, 
yellowish, the tip black; feet luteous; femora above brownish; tibire 
superiorly paler; femora with shorter, tibire with longer black spines; 
wing~ hyaline, a little smoky; veins black; pt~rostigma oblong, pale, 
brown, covering five areolets; 13-14 anticubitals; 11 postcubita.Is; 2 
discoidal areolets, beginning with three. 

Length of the body, 42 millimeters; alar expansion, 60 millimeters; 
pterostigma, 3 millimeters. 

Habitat.-Portneuf, near Quebec, Canada (Mr. Uhler's collection). 
This female agrees well with the description given in the monograph of · 
the Gompbines, p. 77. I figured in the same work (Pl. 5, No. 1) the 
occiput of the male, with two small spines behind the eye:3. The figure 
is the same in my original drawings now before me, but in the descrip· 
tion the spines, indeed quite extraordinary for arnale, are not mentioned. 
As my manuscripts are still in Europe, I am unable to say more 
about it. To avoid further mistakes occurring, the very c1ose1,y-related 
species 0. rupinsulensis and 0. rnainensis, united by the latest monog
rapber, Baron De Selys Longchamps, in 1873_ and 187 4, I prefer to 
give a full description of both, the more so as both sexes .are now before 
me. 

38 G S 
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0., rupinsulensis. 
Herpe(ogomphtts rupinsulensis, Wals~ Acad. Nat. Sci. Phil., 1862, p. 388, male. 

Proc. Ent. Soc. Phil., 1863, p. 253. 
Mule.-Greenish-yellow; labium pale-livid (blue, Walsh), black on 

the anterior margin and the fore half of the side; lateral lobes pale; lab
rum pale, with a fuscous basal spot, but little marked on each side; head 
in front greenish-yellow; antennre black, apical border of the first; joint 
pale ; part between the eyes and front black; the extreme base of ·the 
front between the antennre black; vertex greenish-yellow, cariniform, 
excavated abov~, scarcely emarginate, the sides rounded off at the-ends, 
and a smaller carina in a semicircle around the ocelli; occiput straight, 
scarcely elevated in the middle, yellow, densely ciliated with long, 
bl"ck hairs; eyes livid behind, paler beneath, with a blackish su
perior spot near the .occiput. Thorax greenish-yellow, the meso
thoracic crest black just where it bifurcates, and on the end of 
the sinus near the wings; a brownish band only indicated on each 
side near the humeral suture, not reaching the wings ; a small brown 
band on the humeral suture; thorax otherwise immaculate except 
some brownish spots near the feet to the stigma. The colors of 
tbe abdomen not well preserved (pale-brown, clouded with brown, 
Walsh); on the dorsum of the segmentsalanceolate, yelJowish spot, two 
black apical spots, and two small transversal lines . in the middle ; last 
segment yellowish, rounded; ventral margins of the segments yellowish; 
venter black, on the four last segments rufous ; the abdomen slender, 
cylindrical, somewhat dilated at the base and much more on segments 
7-8; appendages greenish-yellow, with long, pale, dense hairs; superi. 
ors about as long as the last segment, very robust, direeted downward, 
approximate at base, conical, a little bent, obtuse at tip, interiorl.Y with 
a ~mall basal tooth ; viewed laterally, with an inferior cariua, squarelJ 
truncate on tip, and on the terminal half below three irregular rows of 
small, short, black teeth; inferior about as long and exactly attaining 
the lower· angle of the truncated tips of the supeiiors, broad, bifid on 
the apical half, viewed from below and each branch very robus~. 
rounded, divaricate, squarely truncate on tip, viewed laterly strongly 
incurved, incrassate at base and still more so on tip, whieh is truncate; 
genital parts on the second segment with the first hamule black, with P 
deep, posterior, elliptic excision on tip, the superior angle forming 3 

long, sharp, incurved hook, nearly meeting the opposite angle; thf · 
second hamule longer, the basal half thick, pale, cylindrical, the apical 
half suddenly thinner, black, cylindrical, ineurved, and again recurv;ed 
on tip; sheath of the penis hollowed, four-lobed, the two interior lobe~ 
divergent, short, conieal, the ot1te.r lobes large, rounded on the margin; 
penis with two small, black, short, in curved spines -on tip, and with an 
inferior tooth on the second joint; earlets ;yellowish-green, rounded, 
some small black spines on the inner angle ; feet yellowish-green, 
femora with a broad, brown, anterior band, only near the knee on the 
four posterior feet, which are more brownish beneath; tibire black, with · 
a superior yellow band; tarsi blaek, on t,he posterior pair yellow in pari 
above; wings hyaline, slightly flavescent at base; veins black, tht 
costa .)'("Bow; pterogtigma brown, oblong, surmounting about five cells; 
mPmbrannla cinereous; ant•~cubitals, 13-14; postcubitals, 9-12; two 
diseoidal areolets. 

Female.-Similar to the male. Occiput similar, but each side on the 
border nearer to the eye a short, small, cylindrical, yellow spine, smooth 
on l he tip; a second female has the spine rudimentary; in a third speci
men tlH~m L'S none; bellind the eyes, each side, near the occiput, a brown, 
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robust, conical process, both convergent. Thorax same as in the male; 
the brown bands on the dorsum darker, nearly confluent with the ante
humeral band in one of the speeimens. Abdomen less slender, a little 
dilated on the tip; colors same as in the male, the dorsal ye11ow spot , 
on the second segment large; earlets small; appendages yellow, as 
long as the last segtuent, conical, sharp, convergent; tubercle between 
them darker; vulvar lamina yellow, nearly as long as the segment, t.ri
angnlar, bifid a little beyond the apical half, the branches contiguous, 
rounded, tapering toward the tip, which is bent outward, indented just 
bf~fore. Feet. and wings as in the t ; pterostigma larger. 

Length of the body t, 52-54 millimeters; ~ 51 millimeters; alar ex
pansion, t, 65-68 millimeters; ~, 68 millimeters; pterostigma, t ,· 3 
millimeters; ~, 4 millimeters. · 

Habitat.-Rock Island, Illinois (Mr. vValsh); Upper vVisconsin (Mr. 
Kennicott); Maine (Dr. Packard and Mr. Uhler). Mr. vValsh saw only 
one male; the type burned in Chicago was examined by me in 1868, but 
I took no notes. The description by l\1:r. vValsh agrees perfectly with 
the two males from Wisconsin described by me; Mr. Walsh stated 
(P: 389) that the male bas no tooth on the second joint of the penis, 
bu£ it certainly exists there, and, as I know that 1\ir. Walsh used lenses 
of low power only, he may have overlooked it. lit the third addition to 
the SynopsiR des gomphines, De Selys describes (p. 13) a male from 
Maine, communicated by Dr. A. S. Packard, and erroneously unites 

. with it 0. mainensis, as will be seen by the description of this species. 

0. MAINENSIS. 

0. mainensis, vValsh, Proceed. Ent. Soc; Phil., 1863, p. 255, female. 
1lfale.-Ye1lowish-green, marked with black; labium paler, the margin 

black; labrum with a narrow, black, front margin; head before yellowish
green; part between the eyes black, and a large basal black band above 
on the front; antenn::e 'black, tip of the first joint pale; vertex black, 
pale at the base and in the middle, carinitorm, excavated above, scarcely 
emarginate, the sides rounded off at ends, and a smaller carina in a 
semicircle around the ocelli; occiput greenish-;yellow, straight, densely 

, ciliated with long black hairs; eses bf'hind livid, with a black trans
versal superior spot nealj the occiput; prot borax black, with small yel· 
lowish spots on the middle and each side; thorax greenish yellow, with 
blackish-brown bands; the middle ones narrowed to the wings, sepa
rated by the carina, yellowish to the bifurcation; the laterals large and 
confluent with the antf'hnmeral, only near tbe wings uivided by the 
paler suture; margin of the sinus bl::tckish ; sides of the thorax green
ish-yellow, an incomplete, inferior blackish band, ending at tlte stigma, 
and a smaller complete one on the second suture; below pale; abdo
men c;ylibdrical, slender, at the base and betore the apex dilated, black 
on all segments, with yealow dorsal spots, enlarged on 1 and 2, hasti
form, not reaching the tip on 3 to 5, shorter, more triangular on 6 and 7, 
short basal and enlarged on tip on 8 and 9, large, transversal, separated 
from the base on 10; sidPs of all segments with large, elongated, yel- , 
low spot'S, divided hy the suture, reaching the tip ouly on segmeuts 2 
aud 8 to 10; ventral margins of segments 8-9 black; dorsal articula
tions after the sixth segment yell':>w; venter black; of the last three 
segments tuh'ous; appeudages yellow; clothed with pale hairs; supe
rior's as long as tlJe l<:~st segment, robust, directed down ward, approxi
mate at base, with a basal tooth on the inner edge, conical, .sharp on tip; 
viewed laterally very robust, with a basal interior carina, the apical 
half dilated, rounded tillshortbeforethesharp-pointed tip, with two series 
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of about seven stronger black teeth; the inferior appendage large, much 
broader than the superiors and of the same. length, the apical half divided ' 
by a larger semicircular notch; viewed from below the two brancpes~ 
large, quadrangular, obliquely truncate, the angles sharp; viewed later
ally incurved, thicker before the recurved tip, the outer angles form
ing a large superior tooth; genital parts on the second segment with 
the first hamule black, a very long, flat lobe, incurved more on tip; 
indeed, they are similar to 0. rupinsulensis, the base is broader, and the 
ex.cision beginning at the base is so large that the superior angle alone 
exists; second hamule longer, brownish, broad, flat at base, the other 
part forming a slender, very long lobe, strongly recurved and sud
denly again incurved, the apical part straight; sheath of the penis hol
lowed, ovoid, bifid on tip; the two branches conical, divergent; penis 
with two short black spines on tip, and an inferior tooth on 2d joint; 
earlets greenish-yellow, rounded, with a series of black spines on the 
pm;;terior inner angle; feet black; femora somewhat villous, with very · 
short spines, the four anteriors with a greenish band on the inner side; 
wings hyaline; veins black; costa yellow; pterostigma oblong, blackish
brown, covering 3 (or 5) cells; 2 discoidal areolets; 12-13 antecubita!s; 
9 postcubitals; membranula very small, whitish. 

Female (type described by :Mr. Walsh). More adult,; the labium 
browuish-black, with a yellowish, basal spot; lateral lobes blackish on 
the inner border and tip; vertex blackish, with a rounded, yellow, mid
dle spot and a yellow dot on each side; occiput inflated, ciliated above, . 
emarginated behind, and on each side with a rounded tubercle; the su
perior edge rounded in the middle with two, but little separated, coni
cal processes, ending in long, sharp, strongly incurved spines, converging 
so as almost to touch at their extreme black tips; eyes behind black, 
with a large, inferior, yellow spot, divided in tile middle; thorax as in 
the male, the la~eral bands on the dorsum separated from the a.ntehumeral 
by a narrow, yellowish band, nearly confluent above; an accidental 
black spot on the left side near the sinus; abdomen stouter, more clav
ate on tip; dorsal spots as in male, none on Lhe three last segments: 
appendages about as long as the tenth segment, yellow, conical, sharp; 
lobe between obtuse, yellow; vulvar lamina yellow, nearly as long as. 
the segment, oblong, bifid on the apical half, a little broader before an 
apical exterior indention, the tips sharpened, bent outward; feet as 
in ~, the posterior femora with a greenish spot before the tip; wings as 
in the male; costre black, but near the base the formerly ;yellow color 
iB visible; pterostigma a little longer, covering 5-6 areoles; 14-15 
antecubi.tals; 13 postcubitals. 

Length of body, 46 millimeters; alar expansion, 56-60 millimeters; 
pterostigma 2tr-3 millimeters. 

Habitat.-Maine, by Dr. Packard; I have seen only one pair; the. fe
male is the type of Mr. Walsh, in the collection of the Peabody Acad
emy, in Salem, Mass.; the male, in the collection of Mr. Uhler, Baltimore, 
~id. Both were collected by Dr. Packard at the same locali~y, and there 
is no · doubt that both belong to the same species. A translation of 
Walsh's description is given by De Selys's in hi:s second addition to 
Synopsis of the Gmnphines (p. 45), but the vertex and occiput were not 
exactly accurate in Walsh's text. In the third addition (p. 14), De Selys 
unites the female with 0. rupinsulensis. A.s I have described now both 
species in both sexes, this is apparently erroneous. 0. bison, from Cali
fornia, is described by De Selys in the appendix to the third addition 
(1874, p. 51) after an incomplete female. I have not seen the type·; the 
only difference from 0. mainensis consists, according to the description, 
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in the spines of the occiput being divergent instead of convergent. 
More specimens of both species are necessary to show the constancy of_ 
this character. 

HERPETOGOMPHUS. 

H. compositus, Hagen, Synop., 99, 1. 
A teneral female, in very bad condition, quoted in my last report (p. 

· 727) as probably belonging to H. viperinus, a species never seen by me, 
has again been carefully studied, and I am now of the opinion that it 
belongs to H. compositus, described by me after a single female from 
Texas. I received a male from Northern Texas, Dallas, by Mr. Boll, 
agreeing with De Selys's description in the third addition (p. 12), but 
the very abrupt and intensive yellow color at the base of the wings 
is not marked. The female from Yellowstone is larger; lengtb, 54 mil
limeters; alar expansion, 68 millimeters; and the first lateral brown 
band of the thorax not well defined, ending shortly after the stigma. 
It will be more prudent to retain this female as E. compositus until 
the difference is better established by · the comparison of more speci
mens, the more as the pair described by De Selys from Oregon is nearly · 
as large as the Yellowstone one. De Selys adds: "Je ne vois pas de 
renjlement anterieur d'occiput chez la femelle," but it exists not in the 
female type. 

Habitat.-Western Texas, Pecos River, the female type in my collec
tion; Dallas, Tex., Boll, one male; Yellowstone, a female from Hay
den's expedition, 1872; a pair from Oregon by Lord Walsingham. 

GOMPHUS. 

G. olivaceus, De Selys's third addition Synop. des Gornphines, p. 22. 
Female (in alcohol).-Pale greenish-yellow; head entirely greenish

yellow, labium paler; a transverse brownish band, interrupted in the 
middle above at the base of the front; antennre blackish; the two basal 
joints greenish -yellow; part between the vertex and front black, with 
some yellowish dots; vertex flat, depressed, yellow, each side behind the 
ocelli somewhat inflated, carinated around the lateral ocelli; occiput 
yellow, straight, with short, black cilia, and with a series of fine, black 
teeth; eyes behind yellow, with a superior black spot near the occiput; 
prothorax yellow; on the disk each side with a larger brownish spot; thorax 
yellow; dorsum each side near t,he yellow crista with a brown band, nar
rowed above, not reaching the sinus; each side a large, in curved, brown 
band, separated by a smaller yellow band from the hrownline on the hu
meral sutQre; sinus brownish to the bifurcation; sides and below yellow ; 
abdomen large, cylindrical, yellowish, each side a dorsal, black, large 
band, indented inside, not reaclJing the base on segments 4-5 (the rest 
is lost by accident, but bas been examined before;. it was colored in a 
similar way, the appendages yellow, the vulvar lamina short, broad, 
notched in the middle); femora yellow, with a short, black, apical band 
above, and below with numerous very short, black spines; tibire and 
tarsi black; wing-s hyaline; veins black; costa yellow; pterostigma ob
long, yellow, with 4 cells below; 14-15 antecnbitals, 10-11 postcubitals; 
2 discoidal areolcts; membranula whitish. 

Length of the body, 54 millimeters; alar expansion, 72 millimeters; 
ptrrostigma, 4 millimeters. I 

Habitat.-Humboldt River, Nebraska, Mr. Gttrm~n; California, Lord 
Walsingham, or perhaps, as the foregoing species; from Oregon. 
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The described female, besides being preserveq in alcohol, is a teneral 
one; De Selys's specimen is more adult. After a careful comparison, I 
find his description agreeing very well with the female before me, ex-

. cept the "point humeral superior rond," but such a spot is sometimes 
only occasional or perhaps belongs to the adult specimen. The length 
of the femur, 8 millimeters, is the san1,e. In comparing the female with 
G. plagiatus male, I believe them to be different species. 

Mr. Garman collected in Utah, Great Salt Lake, the nympha-skin of 
a Gomphus. The skin is 31 millimeters long, and similar to the species 
described by Mr. L. Cabot in his monograph (p. 3, No.4). 

Subfamily CALOPTERYGINA. 

HE'l'.lERINA. 

H. Californica, Hagen, Syn., 59, 2. 
In my last report (p. 729), I quoted some fragments of males from . 

Yellowstone. It would be necessary to see more specimens in better 
condition, but the fragments belong, doubtless, .to the genus Hetmrina, 
and very probably to H. Calijornica,, By some error in the report, the 
species is placed between the insects not belonging to the Odo.nata. 

Subfamily AGRIONINA. 

LESTES. 

L. disjuncta, De Se1ys, Synop. lestes, 18, 10. 
Specimens in bad condition from Yellowstone are quoted in my last 

report (p. 727). This is a decided northern species. · 

L. congener, Hag., Syn., 67, 5. 

A male from Yellowstone is quoted in my last report (p. 727); another 
from foot-hill, Colorado, by Mr. Carpenter. 
L. hamata, (L.forcipata Hagen, Syn., 71, 13). 

Some specimens from Colorado Mountains, Pacific slope, belong 
probably .hera; but all the Letites, as, iu general, all Agrionina collected 
by the e_xpedi tion, are in worse condition, and unfit to be determined 
with certainty. For this species I believe the determination sure, but 
males and females are present only in broken pieces. 

ARGIA. 

One species from Yellowstone and Snake River, Idaho, quoted in my 
last report, belonging to the group of A. moesta. 

AGRION. 

One species from foot-bills, Colorado, group of A. pramarum. 

!SCHNUR A. 

One species from foot-bills, Colorado, group of I. iners. All the speci
. mens being broken more or less, a scientific description would be im

possible and even objectionable. 
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NEUROPTERA. 

Family BEMEROBINA. 

POLYSTCECHOTES. 

P. punctatus, Hagen, Syn., 206, 1. 
• The species is very common everywhere in the United States, from the 
Gulf of Mexico to British America and from the Atlantic to the Pacific. 
Curiously enough, the previous states of this beautiful and very inter
esting species are still unknown. From analogy, and even from the 
fact that the larva of this large and ever;ywhere common species was 
not yet observed by American euto~ologists, it is safe to presume that 
the larva will be aquatic, with habits similar to the larva of Osmylus, 
and must be looked for in the months of April and May, perhaps even in 
June, as the imago appears in the middle of July, and continues until 
the arrival of the cold weather. J saw a large cluster of eggs on a leaf 
in the collection of Mr. A. Lintner in Albany, N. Y., probably belong-
ing to this species. • 

Habitat.-Yellowstone (Mr. C. Thomas); Colorado Mountains, August 
29, foot-hills, September (Lieutenant Carpenter); Twin Lake, August. 

The following Hemerobinm are unfit for scientific purposes, having 
been collected in alcohol o'r put together in papers with Lepidoptera, 
and covered throughout with lepidopterous scales ; the last ones cannot 
be cleaned without being more or less spoiled. · 

MtcROMUS. 

One specimen, related toM. sobriu~, from foot-hills, Colorado. 

HE1\1EROBIUS. 

One specimen, from Fai~ Play, July 11, related to H. alternatus, and 
two other species, Colorado l\fountains, July; entirely unfit for deter
mination, except to say that there are two different species. 

CHRYSOPA. 

There are three species, one from the Snake River, Idahe> (Mr. C. 
Thomas), belonging to the group of 0. oculata,, probably new; and two 
from Colorado plains, belonging to the groups of 0. nigr-icornis and 0. 
externa.. A description of new species based upon single specimens in 
this very difficult genus is scientifically objectionable, especially when 
the single specimens are imperfect. 

MYRMELEON. 

M. diversus, Hagen, Report for 1872, p. 729. 
Ha,bUat.-Yellowstone and Snake River, Idaho. 

}-,amily SIAL IN A. 

CORYDALIS. 

A not full-grown larva from Cbiquili, Colo. (Professor Newberry). The 
larva differs from those of C. cornuta by a longer prothorax, luteous 
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legs, and the mark of the head. Thel'e are now six species known from 
Texas and Mexico; · of course, it is still impossible to ascertain the spe
cies of the larva from Colorado, but probably it may belong to one of 
the three Texan species. ' 

'RAPHIDIA. 

• The genus Raphidia belongs to the interesting class of genera which 
are represented largely in Europe and Asia, are entirely wanting in the 
fauna of North AmericaeastoftheRocky Mountains, but are represented 
again in California, and in the other vast tracts of land west of the 
Rocky Mountains. 1 have seen only two specimens, one from Ogden, 
Utah (C. Thomas), the other from Rio Grande, Colorado, June 13 (Lieu
tenant 'Vbeeler's expedition). Both belong to different species, and to 
Raphidia proper (not to Inocelz.ia); both being preserved in alcohol, I 
am not able to give any better information, the more so as the genus 
Raphidia contains .the most difficult species for determination. 

Family PHRYGANINA. 

LE]}INEPHIL US. 

There is a species from Colorado Mountains, August, by Mr. Car
penter, in broken alcoholic specimens. It belongs to the group of L. 
rhombicus, and has nearly its Rize. 

GO NIOTA ULIUS. 

A yery imperfect female from Colorado J\Iountains, August; it 
belongs to the group of G. griseus. 

STENOPHYL.AX. 

St. divergens, Hagen, Syn., 255, 5. 
Fragments only from the Colorado Mountains, August~ Perhaps 

some of them belong to a different but related species. 

PLATYPHYLAX. 

P. designatus, Hagen, Syn., 269, 6. 

Fragments sp. nov. from foot-hills, Colorado, September. 
P. atripes, sp. nov. 

SYN. Stathrnophorus, spem., Hagen's Sixth Annual Report, by Professor Hayden, 
187:3,729. 

Pitchy-qlack above, orange-colored beneath; ante.nnre stout, the inner 
edge orange and serrate; head before the antennre orange, clothed with 
orange hairs; palpi orange; head above clothed with black and orange 
hairs; ocelli very large and prominent; thorax and prothorax tightly 
clothed with pale hairs, and with longer black hairs, pale 011 tip ; ante
rior wings large, the apex parabolic, cinereous, somewllat shiuing; the 
veins. pitchy-black and very distinct; costal margin and thyridium 
pale ; the membrane throughout, with the exception of the costal and 
dorsal margins, distinctly granulated, sparingly covered with very small 
orange hairs (perhaps the clothing is spoiled); apical. cells large, the 
first and third longer and pointed as well as the fifth, the second and 
fourth cut straight; all spaces and cells paler in the middle; posterior 
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wings of the same color, without granulations and orange hairs; first 
apical cell shorter than the third, the others similar; feet strong; 
pitchy-black; femora bright-orange; -the font anterior tibim and tarsi 
brown interiorly; spurs 1, 2, 2, yellow, long; tibim and tarsi with strong 
black spines; abdomen pitchy-black above, orange beneath. 

Male.-The upper margin of the last segment is cut off' straight; 
appendages orange; the superiors small, flattened, straight, subconverg
ent lobes, rounded on tip, with some small yellow hairs beneath; between 
them a shorter t.riangular penis-cover, carinated above; intermediates 
very small, short, cylindrical, the tip suddenly enlarged, rounded; infe
riors large, much longer than the superiors, broad, separated below by 
a short, ovoid, ventral lobe, concave inside; the margin after a small 
exeision produced in a long, band-shaped, narrow process, incurved, and 
poiuted oti tip; pPrhaps the process is moveable; the base sparingly 
clothed with brown hairs; tip of penis visible; two thin penis-sheaths, 
with some bristles on tip. 

Female.-Abdomen blunt on tip; anal valves triangular; vulvar lobe 
not well visible, perhaps trilobate. 

Length, with the wings, 26 millimeters; expansion of the anterior 
wings, 51 millimeters. 

LocaUt,y.-One pair from Colorado 1\fountains, in August. · Here 
belongs the badly-preserved male from Yellowstone, referred to in the 
sixth report as Stathmophorus related to St. Argus. 

This iuteresting species is the largest known for North America, 
differing from all others by the very large ocelli. The species is very 
similar to St. Argus in sp. nov. size and shape, and even more to St. 
gilvipes. 

Stenophylax gil·vipes, sp. nov. 
Tbis species recalls Pl. atripes in size, shape, and color in the most 

extraordinary manner. NeYertheless, it is to be recognized by the 
entirely yellow legs and 1, 3, 4 spurs; orange-colored, bead and thorax 
pitcby-IJlack above; head before the antennm orange, clothed with 
orange hairs, pal pi orange; antennrn stout, pitchy-black, serrated 
beneath, and there the tip of the joints brownish; basal joint orange 
beneath ; bead and thorax above clothed with grayish and some black 
hairs; ocelli large, prominent; thorax beneatll tightly clothed with 
white hairs; anterior wings large, the apex parabolic, asll-gray, some
what shining; the veins pitchy- black and margined everywhere with 
black, very distinct; costal margin pale in the middle, blackish at both 
ends; thi-ridium and arculus pale; the membranes, exceptiug- the costal 
and dorsal margins, distinctly granulated; from each granulation 
springs a small, <lecumuent, orange hair; apical cells of tbe same 
breadth; the first, third, and fifth rointed, somewhat longer; posterior 
wings of the same color, without granulations and llairs; veins less dis
tinct; the costal margin pale throughout; apical cells similar; feet dull
yellow; spurs 1, 3, 4, yellow, long; tibim and tarsi with long, black 
spines; abdomen orange. 

Male.-The upper margin of the last abdominal seg·ment cut off 
straight; appendages orange, sparingly clothed with lo11ger yellow 
hairs; superiors short, flattened, straight, convergent lobes, rounded on 
tip, and visibly larger than in Pl. ab·ipes j between them a shorter bifid 
penis-cover; intermediates just below the superiors, shorter, C.Ylindrical ;_ 
inferiors, large, longer than the superiors, broad, 'Yidely separated by a 
short, ovoid~ fentrallobe, concave inside, produced externally in a long, 
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triangular process, incurved, and pointed on tip; the interior part 
incurved in the same ~ay and pointed on tip. 

Length, with the wings, 27 millimeters; expansion of the anterior 
wings, 52 millimeters. 

Locality.-Quesnel Lake, British Columbia, Augu~t 27 (Mr. Crot~h). 
· The extraordinary resemblance of St. gilvipes with Pl. a tripes is men

tioned above ; the described characters prove nevertheless the difference 
of the two species. · 

RHY .A.COPHILA. 

Two specimens in very poor condition from Long Peak and Divide, 
June 3, Colorado, belong to this genus. The species is probably new, 
but the specimens are not fit for a description. 

Besides the described imagos, a number of Phryganidcases, sometimes 
with the larvre in alcohol, were collected. The previous stages of the 
Phryganidce not being well enough known to determine them specifically, 
I will only euumerate the groups to which they belong. There are from 
the plains, July 1 to September 19, cases belonging to Limnephilidm, 
probably to Limneph'ilus, Stenophylax, Goniota~tlius, Ballesus, and some · 
to Phryganea proper. 

FroQl Little· and Big Thompson, Este's Park, May. cases belonging 
to Phryga.nea, Limnephilus, Hallesus. 

From foot-hills and mountains, J'uly 1-19, cases belonging to Phryganea, 
Limnephilus, Stenophylax. 

Besides those, I have before me from Colorado, from South Park, Roar
ing Fork, and Fair Play, cases belonging to Limnephilidm, M.1Jstacidm, 
and Rhyacophilidm. 

List of the described species. 

The species without numbers were introduced in the present report 
merely for the sake of comparison with other described species. The 
occurrence of some of them in the territory embraced by the present 
report is, however, . very probable. 

PSEUDONEUROPTERA. 

Family TERMI1.'INA. 
TERMOPSIS. 

1. T. angusticollis, var. Nevadensis, Truckee, Nevada; the typical 
species from British Columbia, through California and Louisi
ana. 

-. T. occidentis, California; west coast of Central America. 

]'amily PERLINA. 
PTERONAROYS. 

2. Pt. californica, Washington Territory; California; Utah; San 
Luis VaHey, Colorado. 

3. Pt. regularis, Truckee, Nevada. 
4. Pt. badia~ Bridger Basin, Wyoming; Cache Valley, U tab; Colo

rado Mountains. 

ACRONEUR£A. 
· 5. A. abnormis, occurs from British AmPrica to Georgia, a.nd perhaps 

Mexico; South Montana; Snake River, Idaho; Eagle River, 
Colorado. 

, I 
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DIC1'YOPTERYX. 
6. D. signata, foot~hills of Colorado, and/ mountains on the Pacific 

slope. 
/ lSOGENUS. 

7. I. elongatus, foot-hills, Colorado; Ogden, Utah. 
8. I. colubrinus, Snake River, Idaho. 

PERLA. 
9. P. sobria, Colorado Mountains, Pacific slope. 

10. P. ebria, Colorado 1\'Iountains, Pacific slope. 
11. P. (~) (species not described), from the same locality. 

CHLOROPERLA. 
12. Ohl. (~) (speci~s not recorded), foot-hills, Colorado. 

Family EPHEMIRINA. 
EPHEMERA. 

13. E. compar, foot-hills, Colorado. 
__:_, E. decora, west of the :Mississippi down to Virginia. 
-. E. guttulata, New York. 
-. E. natata, Canada; Illinois ; Maine. 

HEPTAGENIA. 
14. H. brunnea, Truckee, Nevada. 
15. H. pudica, foot-hills, Colorado; Washington, D. C. 

LEPT9PHLEBIA. 
16. L. pallipes, Truckee, Nevada. 

Family 0DONATA. 

Subfamily Libellulina. 
LIBELLULA. 

17. ·L. 4 4-maculata, Snake River, Idaho; Ogden, Utah; Bridger 
basin, Wyoming. 

18. L. nodisticta, Yellowstone ; Mexico. 
19. L. forensis, Yellowstone; California; British Columbia. 
20. L. pulchella, Ogden, Utall; common everywhere west of the Mis

-sissippi. 
21. L. saturata, Yellowstone; Mexico; Arizona. 

L. croceipennis, California; l\iexico. 
22. L. flavida, Yellowstone; Texas. 
23. L. composita, Yellowstone. 

MESOTHEl\HS. 
24. 1JII. collocata, Yellowstor1e; California. 
25. ]Jt. simplicicollis, Ogden, Utah; everywhere east of the Rocky 

Mountains. 
26. 111. corrttpta, foot-bills, Colorado; California; Texas; Illinois. 
27. 111. illota, Yellow8tone; California. 

DIP LAX. 
28. D. atripes, Yellowstone. 
29. D. decisa, foot-bills of the Colorado mountains, Pacific slope. 
30. D. pallipes, foot-hills of Colorado. 
31. D. semicincta, foot-hills of Colorado; east of the Mississippi, not 

rare. 
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Subfamily Cordulina. 
EPI1'HECA. 

32. E. sernicircularis, Twin Lake, Colorado; Areade River and Pacific 
slope of mountains, Colorado; Ogden, Utah; Vancouver's Island 
and Gulf of Georgia. 

1ESCHNA. 
Subfamily .2Eschn.na. 

33 . .lE. constricta, Yellowstone; foot-bills of Colorado; common every
where east of the Mississippi. 

34 . .lE. rnulticolor, Yellowstone; Vancouver's Island; Upper Mis
souri ; Texas ; Mexico. 

35 . .lE. propingus, Yellowstone; Colorado plains. 

0PHIOGOMPHUS. 
Subfa~ily Gornphina. 

36. 0. severus, foot-bills and plains; Fort Garland, Col. 
-. 0. colubrinus, Canada, Quebec. 
-. 0. rupinsulensis, Illinois ; Upper Wisconsin ; Maine. 
-. 0. rnainensis, Maine. 

HERPE1'0GOMHUS. 

·~. ;37. H. cornpositus, Yellowstone; Oregon; Texas. 

GOMPHUS. 

38. G. olivaceus, Humboldt River, Nebraska; California. 

BET ...ERINA. 
Subfamily Calopterygina. 

39. H. californicq,, Yellowstone ; California. 

LESTES. 
Subfamily Agrionina. 

40. L. disjuncta, Yellowstone. 
41: L. congener, Yellowstone; foot-bills of Colorado. 
42. L. hamata, Pacific slope of Colorado Mountains. 

ARGIA. 

43. A., spec. (~),(group of A. rnoesta), Yellowstone. 
AGRION. 

44. A., spec. (~), (group of A. prmva'rurn), foot-bills of Colorado. 
ISCHNURA. 

45. I., spec. (~), (group of 1. iners), foot-hills of Colorado. 

NEUROPTERA. 

Family HEMEROBIN A. 
PoL YST<ECHOTES. 

46. P. punctatus, Yellowstone; foot-bills and Twin Lakes, Colorado. 

1.-iiCROMUS. 

47. M., spec. ('), (group of M. sobrius), foot-bills of Colorado. 
HEJ.IEROBIUS •. 

48. H., spec.(~), (group of H. alternatus), Fair Play, Col • . 
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CHRYSOPA. 
49. Chr., spec. (~), (group of Ohr. oculata), Snake River, Idaho. 
50. Ohr., spec. (~), (group of Ohr. nig,ricornus), Colorado plains. 
51. Ohr., spec. Cn, (group of Ohr. externa), Colorado plains. 

MYRMELEON. 
52. M. diversus, Yellowstone. 
53. M. nigrocintus, larva, Montana. 

Fa;mily SIALIN A. 
CORYDALIS. 

54. 0., spec. ·(~), larva, Chiquili, Col. 

RAPHIDIA. 
55. R., spec. (¥), Ogden, Utah. 
56. R., spec. C~), Rio Grande, Colorado. 

Family PHRYGANIN.A.. 
Ln.INEPHIL us. 

57. L. spec. (¥), (group of L. rhombicus), Qolorado mountains. 

GONIOTAULIUS. 
58. G. spec. (¥), (group of G. griseus), Colorado mountains. 

STENOPHYLAX. 
59. St. divergens, Colorado mountains. 
-. St. gilvipes, British Columbia. 

PLATYPHYLAX. 
61. P. designatus, foot-hills of Colorado. 
62. P. a tripes, Colorado mountains; Yellowstone. 

RHYAROPHILA; 
63. R., spec. C~); Long Peak and divide, Colorado. 

FAUNA OF COLORADO. 

The fauna of<Jolorado is represented by 36 species. 

Pteronarcys californica. 
badia. 

Acroneuria abnormis. 
Dictyopteryx signata. 
Isogenus elongatns.· 

Ephemera compar. 

Mesothemis corrupta. 
Diplax dccisa. 

pallipes. 
semicincta. 

Epitheca ·semicircularis. 
1Eschna constricta. 

PERLIN A. 

I 
Perla sobria. 

ebria. 
. spec. 
J Chloroperla, spec. 

EPHEMERINA. 

I Beptagenia pudica. 

ODONATA. 

l lEschna propinqua. 
. Opbiogomphus severn~. 

Lestes congener. 
hamata. 

.Agrion, spec. 
Ischnura, spec. 
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Polystrechotes punctatus. 
Micromus, spec. 
Hemerobius, spec. 

Corydalis, spec. 

Limnephilus, spec. 
Goniotaulius, spec. 
Stenophylax, divergens. 

HEMEROBINA. 

I 
Chrysopa, spec. 

spec. (~) 

SIALINA. 

I Raphidia, spec. 

PHRY(} ANIN .A.. 

I 
Platyphylax atripes, 

designatus. 
Rhyacophil~, spec. 

About the geographical distribution of the 36 species from Colorado, 
only a few general remarks may be here given. Of the enumerated 
species, 13 are represented hy specimens in poor condition, only fit for 
the determination of the genus, and even the whole number of 36 
species is evidently only a small fragment of the fauna. 

There are 11 species, with a decided alpine character, from the mount
ains, Twin Lakes, and Fair Play, viz: Pter. badia, Perla sobria, ebria, 
sp. n., Epith. sernicirmtlaris, Polyst. punctatus, Hemerob. (svec.,) Li'fnneph. 
(spec.,) Goniot. (spec.,) Rhyac. (spec.,) Stenoph. divergens. One of them, 
Polyst. punctatus, occurs everywhere in the United States, the previous 

• stages probably living in the water; Epith. sem·icircularis is a decided 
alpin~ species, imitating the Ep-ith. arct-ica from Europe, occurring in 
Lapland and Switzerland; Btenoph. divergens is a northern species, and · 
perhaps the only one to be found also east of the Rocky Mountains. 

From the Pacific slope there are 8 species, viz : P. californica, Dictyopt. 
signata, Dipl. decisa, Ep-ith. sernicircularis, Lest. hamata, Ooryd. larva, 
Raphid·ia (spec). Only Lest. hctmata lives also east of the Rocky Mount
ains. 'I' he genus Raphidia is decidedly a. wee tern genus, reaching as · 
~astern limit Colorado. Epithec. semicircularis goes to Vancouver's 
Island, and perhaps more to the north. It is interesting to remark that 
this species is imitated in the northeaRt by Epith. forcipata, going not 
farther to the south· than the White Mountains, New Hampshire. 

The eastern slope foot-bills, Fort Garland, and plains give 20 species; 
only one of thein, Mesoth. corrupta, is a decidedly west~rn species, but 
going east of the Rocky Mountains as far as the Mississippi. Some of 
them, .lEschna constricta and propinqua, seem to have their western lim-
its m ucb farther than in Colorado. · 

'The species mentioned in my last report about the Yellowstone fauna 
were again examined by me, and some species better determined. ~o 
far as known, the fauna lJas a decidedly western character. From Utah, 
vVyomiug, Idaho, and Nevada there are only a few species, which do 
not aliO\v any geueral conclusions. Except some commori everywhere, 
they ~eem all to belong to the western fauna. · · 



REPORT ON THE MYRIOPODS COLLECTED BY LIEUT. W. L. 
CARPENTER, IN 1873, lN COLORADO. 

By A. s. PACKARD, JR., M.D. 

l\iYH,IOPODA. 

Lithobius, n. sp. (~)-Five specimens from Colorado, collected by Lien
tenant Carpenter, indicate a new species, differing from L . .Americanus, 
Newport, in the antennre being longer, though with fewer joints, aver
aging between 24 and 25; the joints being long and gradually diminish
ing in length to the end, while in L. Americanus the three basal segments 
are long (though shorter than in the Colorado form), and the segments . 
beyond are very short and crowded ; they are much less finely pilose. 
The labium is much narrower, with from four (young) to twelve teeth 

. (adult). The entire head is slightly longer and narrower, while the body 
has the same proportions as in L. Americamts ; the pits on the coxre are 
much the same, and the spines on the legs not different. Length, 0.88 
inch. It is very different from a Californian species received from Goose 
Lake, .Siskiyou County, through Mr. Holleman, but agrees perfectly with 
an undescribed species (not L. pauc'idens, Wood) from San Franeisco, 
Cal. (8. Edwards), in the Museum of the Peabody Academy of Science. 

I forbear to name it, until more specimens are received both from the 
Rocky Mountains and the Pacific States. It occurred at Camp 1, May 
23, and Elbert Peak, above 12,000 feet elevation, and on the route from 
Fair Play to Twin Lakes (Lieutenant Carpenter). 

Geophilus, n. sp. (~)-T\vo specimens of a species probably allied to 
G. brevico1·nis, Wood, were collected by Lieutenant Carpenter between 
Long7s and James's Peaks and between Fair Play and Twin Lakes, Col
orado. It is certainly neither of the other species noticed 'by Wood. 
It is closely allied to an undescribed species from Goose Lake, Cal. (J. 

_Holleman), out differs chiefly in the longer antennre. 
Julus, n. sp.-Several specimens of a new species were co11ected by 

Lieutenant Carpenter on the foot-bills and plains of Colorado, September 
20 to October 4. It has 53 segments, exclusive of the bead and anal 
segment; chestnut-brown, with the lateral spots unusually well marked, 
the dorsal stripe well marli:.ed, and the antennre scarcely clavate. The 
mucro is very sbort and blunt. In color aud general appearance, it is 
closely allied to J. impressus, Say. I should not however feel justified 
in naming and describing it until larger collections of the JttU of the 
Rocky Mountains and California have been received, as it is also closely 
allied to a Californian species received 1rom Mr. H. Edwards, and may 
prove identical. 

It seems probable, from the facts presented above, that the myriopo
dous fauna of Colorado is nearly identical with that of the Pacific 
States, and it is useless to study the fauna of Colorado without exten
sive material from California and Oregon in a group where there is so 
much specific variation as in the l\lyriopods. 



REPORT ON THE AMPHIPOD CRUSTACEANS. 

BY s. I. SMITH. 

HYALELLA, genus nov. 
First pair .of maxilire with rudimentary, very short, and uniarticulate 

palpi. Palpus of the maxillipeds (Fig. 5) composed of five segments, 
the terminal segment being slender and styliform, and the penultimate 
longer than ·broad. A.ntennuhe, antennre, and thoracic legs much as in 
Hyale. Telson short, stout, and entire. · 

HYALELLA DENTATA, sp. nov. (Plate I, Figs. 3-6.) 
Body slightly compressed. First and second segments of the abdo

men with the dorsal margin produced posteriorly into a well-marked 
spiniform tooth. Eyes nearly round, about equal in diameter to the 
thickness of the proximal segment of the peduncle of the antennula. 
Peduncle of the antennula about as long as the head; the flagellum a 
little longer than the peduncle, and composed of about seven to nine 
segments. Antenna somewhat longer than the antennula; the two 
distal segments of the peduncle elongated and nearly equal; the flagel
lum usually but little longer than tile flagellum of the antennula, and 
composed of about eight to twelve segments. 

First pair of thoracic legs (Fig. 6) small and slender; the pal mary 
margin of the propodus transverse, nearly straight, and arme.d with a 
small tooth at the inferior posterior angle ; the dacty Ius very strongly 
curved, and its tip closing behind the inferior posterior angle of the 
propodus. Second pair of legs, in the male (Fig. 3, terminal portion), 
very large; carpus projecting into a process along the posterior side of 
the propodus; propodus very stout, about as long as the epimero~, and 
a little longer than broad, its palmary margin strongly oblique, a little 
arcuate, with au abrupt notch near the middle, and two slight emargi
nations near the posterior inferior angle ; the dacty Ius stout and strongly 
curved. In the young males, the palmary margin of the pro pod us of the 
second ·pair of legs (Fig. 4) is less oblique, and the emarginations of 
the edge nearly obsolete, and the dactylus is much less curved. In the 
female, the second pair of legs is weak and slender, and the car{1US 
and hand elongated and . narrow; the propodus not broader than the 
merus, more than twice as long as broad, the posterior inferior angle 
produced distally, so that the nearly straight prehensile portion of the 
palmary margin forms less than a right angle with the posterior margin; 
the dactylus slightly curved and fitting closely the palmary margin. 
Seventh pair of legs only slightly longer than the sixth, and with the 
basis broad and its posterior margin serrate, as it is also in the fifth 
and sixth pairs. 

The inferior posterior angles of the first three segments of the 
abdomen a little less than right-angled, but not produced. First 
pair of caudal stylets considerably longer than the second. Third 
pair short, the basal segment not reaching by the basal segments of the 
second pair, nearly as broad as long, and armed on the outside, at the 
distal extrem~ty, with three or four stout spines; the terminal segment 
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nearly as long as the basal, slender, tapering, and furnished with a few 
slender setoo at the tip. Telson stout, as long as broad; the posterior 
margin rounded and furnished each side with a slender seta. 

Length .ro.m front of head to tip of telson, 3.5mm to 5.8mm. 
Oolorado, 1873 ; Carpenter, collector. 
It also occurs in Norway, Maine (S. I. Smith); Salem, Mass. (Caleb 

Cooke); New Haven, Conn., in s_mall ponds of stagnant water (Pro
fessor Verrill, S. I. Smith); Madison, Wis. (Professor Verrill); Madeline 
Island, Lake Superior (J. W. MilneT); West Fork of the Desmoines 
River, Humboldt., Iowa (Caleb Cooke); Lake Ra,ymond, Nebraska (T. 
M. Prudden and 0. Harger); Bird wood Creek, Nebraska (0. Hargm}; 
The Dalles, Oregon (0. Harger). 

HYALELLA.INERMIS, sp. no·v. (Plate I, Figs. 1-2.) 
Closely allied to the last species, but wholly without teeth upon the 

dorsal margin of any of the abdominal s~gments. Two specimens, 
male and female, give the following additional charactPrs: 

Male: Antennula reaehing to the middle of the flagellum of the 
antenna; ultimate segment of the pedunele fully as long as the penul
timate; flagellum considerably longer than the peduncle, and composed 
of eight articulations. Flagellum of the antenna much longer than the 
peduncle, or than the flagellum of the antennula. First pair ot' thoracic 
legs at most exactly as in the last species. The second pair of thoracic 
legs (Fig. 2, terminal portion) are mueh smaller in proportion than in 
the last species; the pal mary margin is transverse, nearly straight, and 
wholly without an emargination in the middle; the dactylus slightly 
curved and terminating iu ·an acute horny tip. The remaining thoracic 
legs, the caudal stylets, and telson as in the last species, or, if differing 
at all, only very slightly. 

Tbe second p~iir of thoracic legs are very different from those of the 
adult males of H. dentata, but resemble much more those of tbe ~7onng 
males of tnat species (Fig. 4), and it is possible that, in our single speci
mt>n, they are reproduced appendages, and not full.v developed. This 
sePms quite improbable, however. The proportional size aud other 
differences are well shown in Fig8. 2, 3, and · 4, which are all eularged 
the same amount. 

Tbe female (Fig. 1) differs very little from the female of H. dentata., 
except in the absence of dorsal teeth upon the abdomen and in the 
same, or nearly the same, sligbt differences in the antennuloo aud anten
noo, which seem to characterize the male. 

Length from front of head to tip of telson, male, 5.5mm; female, 6.omru... 
Colorado, 1873; Carpenter, collector. . 

{!AMMARUS LIJ\fN~us. (Plate II, Figs. 13-14.) 
Gamma1·us lacust1·i.s Smith, American Journal of Science, III, vol. ii, p. 4fl3, 1871; 

and Preliminary Report on Dredging in Lake Superior, in Report of the Chief 
of Engineers, l~il, p. 1023, 1871. 

Colorado, 1873; Carpenter, collector. Cool Spri'ng, Fire-Hole Basin 
(No. 224). Lake near Long's Peak; elevation, 9,6U0feet; June 1, 1873. 

The first and second paii·s of thoracic legs are quite characteristic of 
this speeies. Tbe pa.Imary margin of the first pair, in the male (Fig.13), 
is sligbtly convex and continuous with the posterior margiu; bas a nar
row lamellar edge, and is armed with a few Ion~~ hairs and usually two 
long, obtuse spines near the middle of the margin, and three or four 
smaller ones near the tip of the closed dactylus. In the female, the pro
podus is considerably smaller and shorter in proportion than in the male; 

39 GS 
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the palmary Jllargin is without the lamellar edge and without spines, 
except two or three small ones at the tip of the closed dactylus. The 
palmary margin of the second pair, in the male (Fig. 14), is only a little 
oblique, is convex in the middle, bas a broader lamellar edge _ than in 
the first pair, and is armed on the outside with one, or very rarely two, 
long, ~tout, and obtuse spines near the middle, and with two, three, or 
very rarely four, successively smaller ones neq,r the tip of the closed 
dactylus. There are also two or three still smaller obtuse. spin~s on the 
inner side of the palmary margin near the tip of the dactylus. In the 
female, the palmary margin of the propodus in the second p'lir of legs 
is without the lamellar edge and the spines in the middle, and is straight 
and nearly transverse. · 
_ The name lacustris is preoccupied. 

GAMM.ARUS ROBUS1.'US, sp. nov. (Plate II, Figs. 7-12.) 

Eyes sm:lU, nearly round, about equal in diameter to the tbicknes& 
of the proximal segment of the peduncle of the antennula. Antennul~ 
much longer than the antenna; second and third segments of the 
peduncle_ together but little longer than the first; flagellum about twice 
as long as the peduncle, and composed of twenty-five to thirty segments 
in fully_ grown males, and of twenty to twenty-five in the females; sec
ondary flagellum short, composed of three segments, of which the 
terminal one is very small. Peduncle of the antenna long and stout; 

- the ultimate and penultimate segm~nts subequal in length, and each · 
but little shorter than the flagellum; flagellum (Fig. 8) stout, composed 
of eight to eleven segments, and in nearly all adult specimens having 
several of the segments furnished on the upper side with peculiar cup
shaped appendages. First pair of thoracic legs in the male (li"'ig. 9) 
with the propodus short and stout; the palmary margin very oblique, 
nearly straight, with a very narrow lamellar edge, and armed on the 
outside with three large obtuse spines, and on the inside with quite a 
number of small ones. In the second pair of legs (Fig. 10), the pro
pod us is very broad and stout, the palmary margin slightly oblique, 
sinuous in outline, with a much broader lamellar edge t.han in the-first 
pair, and armed on the outside with a stout · spine near the middle, and 
two or three smaller ones near the posterior margin, and on the inside 
with two or three small teeth near the posterior margin. In the female, 
the first and second thoracic legs are much smaller and slenderer than in 
the male. In the first pair (Fig. 11), the palmary margin of the pro
podus is less oblique than in the male, slightly convex in outline, with 
a prominent lamellar edge,- but without spines except near the posterior 
margin, which is itself armed with several small spines partially 
obscured by numerous hairs. In the second pair (Fig. 12), the propodus 
is proportionally much narrower than in the male, and has the palmary 
margin very slightly oblique, quite convex in outline, with a broad 
lamellar edge, and armed with two or three small spines near the poste
rior margin, but without any median spine. 

Second and third segments of the abdomen w-ith the infero-lateral 
. angles acute. In all the specimens examined, there are four dorsal 
spines upon the fourth segment of the abdo~en, two median and one 
lateral each side; six upon the fifth segment, two median and two lateral 
each side ; and upon the sixth, a lateral each side and no median. The 
number of these spines is, however, very likely subject to some variation 
as in the· G. limn~us. Outer ramus of the posterior caudal sty lets about 
:five times as long as broad, and with only a few and small marginal 
spines; the terminal segment short and stout. Inner ramus consider .. 
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ably shorter than the basal portion of' the, outer. DivisionR of the tel
. son with two or three terminal spines each, and a single spine about 

the middle of the outer marg·in. 
Length from front of head to tip of telson, 10mm to 15mm. 
Wabsatch Mountains, Utah; L. E. Ricksecker, collector (collection 

Peabody Academy of Science). 

EXPL.A.N ATION OF PLATES. 

PLATE I. 

Fig. 1.-Hyalella inermis, female; lateral view, enlarged 16 diameters. 
2.-11he same, male ; terminal portion of one of the second pair 

of thoracic legs, seen from the outside, enlarged 50 
diameters. 

3.-Hyalella dentata, adult male ; terminal portion of one of the 
second pair of thoracic legs, seen from the outside, 
enlarged 50 diameters. 

4.-The same, young male; 3. 7mm long; terminal portion of 
the corresponding leg, enlarged 50 diameters. 

5.-The same, adult male; maxillipeds, seen from above, enlarged 
80 diameters. The hairs are omitted from the palpus oq 
one side. 

6.-The same, adult male; one of the first pair of thoracic legs 
with its epimeron, S!fen from the outside, enlarged 50 
diameters. 

PLATE II. 

Fig. 7.-Gammarus robustus, female; lateral view, enlarged 5 diam
eters. (The secondary flagellum is figured upon the first 
instead of the last segment of the peduncle of the anten
nula by a mistake of the engraver.) 

8.-The same, male; flagellum of one of the antennm, enlarged 
25 diameters. 

9.-The same, male; terminal portion of one of the first pair 
of thoracic legs, seen from the outside, enlarged 25 diam
eters. 

10.-The same, male; same portion of one of the second pair of 
thoracic legs, enlarged 25 diameters . 

• 11.-The same, female; terminal portion of one of the first pair 
of thoracic legs, seen from the outside, enlarged 25 diam-

. eters. 
12.-The same, female; same portion of one of the second pair 

of thoracic legs, enlarged 25 diameters. 
13.-GammantS limnmus, male, from lake near Long's Peak; ter

minal portion of one of the first pair of thoracic legs, seen 
from the outside, enlarged 20 diameters. 

14.-The same, male from the same locality; same portion of 
one of the second pair of thoracic legs,. enlarged 20 diam
eters. 

(All the figures drawn by S. I. Smith.) 
• 



DESCRIPTION OF A LERNJEAN CRUSTACEAN (ACHTHERES CAR
PENTERD OBTAINED BY LIEUT. W. · L. CAHPENTER, IN 1873, 
IN COLORADO. 

By A. s. PACKARD, JR., M. D. 

CRUSTACEA. 

Achtheres. Oarpenteri; n. sp. (Fig. 1.)-Head about half as ~ong as the 
body, witli very minute conical antennre; the 
antenna! region forming a large rounded lobe. 
The jaws large, finger-shaped. Anchor, or jaw
feet, large, widely separate; the space between 
them being narrow -oval, and united by the sucker, 
which is of the general shape of Achtheres. Ab
domen rounded-oval, one-half longer than thick, 
with indications of three segments; the sutures 
nearly obsolete, however. Egg-sacs a little I 
longer than the abdomen, regularly cylindrical, 
containing from about forty to sixty eggs, the 
eggs nearly one-half the diameter of the arms of 
the anchor-feet. Uniformly pale-white. 

Length of body without egg-sacs, 0.15 . inch; 
with egg-sacs, 0.25 inch. This sbDuld perhaps be 
regarded as the type of a subgenus of Achtheres, 
which it resembles more nearly than Lernreocera. . 
The segments of the abdomen are very faintly Achtheres Carpenten. 
indicated, and in the form of the bead and appendages, and their degr~ 
of development, it seems intermediate between Achtheres percarum and 
Oauloxenus stygius, Cope, from Wyandotte Cave, Indiana. 

Taken from trout, East River, August 29 (W. L. Carpenter). 

• 

• 



SYNOPSIS OF THE FRESH-"rATER PHYLLOPOD CRUSTACEA OF 
NORTH AMERIUA. 

BY A. S. PACKARD, JR., M. D 

That group of Crustacea (crabs, lobster, shrimps, water-fleas) known 
as Phyllopoda,* is so called from the leaf-like nature of the feet, which 
are broad, flat, two or three lobed, and adapted for swimming and for 
purposes of respiration rather than for walking. While the number of 
feet in the lobster and crabs (Decapoda) is limited to five, in the phyllo
pods the number ranges from ten to sixty, exclusive of the antennffi and 
jaws. The thoracic and abdominal regions are merged into each other, 
and· there is no special distinction in form of the appendages. Oneof 
the most distinctive characters, however, in all except the highest family, 
Branchipodidcc, is the large, loose carapace, which is attached by a mus
cle to the head, and elsewhere loosely covers the thorax all<l the base of 
the abdomen; in -the lower forms (Estheriadcc), this carapace becomes 
enlarged, double, and folded on the side of the compressed body of the 
animal, protecting it as completely as a clam-shell its occupant; and so 
striking is the resemblance to the bivalve-shells, especially the small 
fresh water forms, such as OJ;clas, that they are often mistaken for them 
by collectors of shells. 

The lower forms, such as Lymnetis, have only ten pairs of swimming
feet, with the body entirely enclosed by the shell, and are yot much 
higher in structure than the water-fleas ( Oladocera), such as Dapnia 
and Sida (Fig. 1), and are scarcely larger, being about a line in length. 

The eggs of the phyllopods are round, and protected by a hard shell, 
sometimes, as in Lim nadia, rough and polygonal. Why the egg;shells are 
so dense and tough will be seen below, when we speak of the singular 
mode of life of these animals. The eggs are borne about by the females. 
In Branchipus and Artemia, they are carried in special egg-sacs, usually 
long and slender, attached to the base of the abdomen. In .Apus, the 
eggs are few in number, and contained in an orbicular sac, formed by 
the adhesion of two of the circular lamellffi of ~he elmTenth pair of feet. 
In the Limnadiadcc there is no egg-sac, but the eggs are situated loosely 
on top of the back, under the shell, and held in place by little filaments 
arising from the legs. 

The young, when hatched, ar..; more or less oval in form, and with but 
two or three pairs of feet; the first two pairs of these feet representing 
the antennffi of the adult. The young is called a Nauplius, from its 
resemblance to the young (Nauplius) of the copepodous Crustacea (En
tomostraca). Fig. 2 a represents the N .. uplius of Branchipus (Artemia 
has a similar larva), and· b that of Apus. The young of Limnadia has 
but two pairs of appendages, with an enormous hypgstoma, or upper 
lip. 

The difference between the sexes is always well marked. In Brancl~i
pus and Artemia, the second antennffi are convert~d into large-clasping 

*From the Greek gru'A~,o,,, leaf; rro<f.Jr, rroo~, foot. 
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append·ages, someti~rH~s branched, as in Streptocephalus (Fig. 13), while 
in the female they are simple and end in a mucronate point. In Apus, 
the sexual diff'erences consist in the rounded egg-sacs ot the female on 
the eleventh feet; in the family of which Limnadia is the type, the first 
pair of swimming-feet in the male end in large, clumsy hooks, adapted 
as clasping-organs. · 

Now, besides the ordinary, normal mode of reproduction, several 
genera of the phyllopods are known to reproduce by what is termed by 
Professor Owen parthenogenes·is, or virgin reproduction; i. e., the eggs 
aristp from the ovary by a budding process, like the budding of leaves 
on a tree, through the simple multiplication of cell~, without fertiliza
tion by the male spermatic cell. This occurs in several insects, as in 
the Aphis, the honey-bee, the silk-moth, &c., and in .Daphnia, tbe water
flea, which is closely allied to Sida (Fig. 1), and in other Entomostraca, 

A Russian naturalist, Schmankiewitscb, in 1872, discovered a variety 
of " Branchipus "(A.rtemia) .Arietinus, near Odessa. In the summer 
and autumn of the year before, he noticed that this Arternia changed its 
form, corresponding to the greater or less saltness of the water. In sum
mer, when the water was most salt, there was a retardation in growth ; 
and this retardation was the m()re evident the higher the temperature 
and the more concentrated the solution of salt. Toward the end of the 
summer, when heavy rains set in and the temperature decreases, the 
Artemia becomes larger, lose·s its red and gray color, and becomes clear 
a.nd transparent, so tba.t the July generation bas important differences 
from that which appears in November. In order to observe this phe
nomenon carefully, he undertook the artificial breeding of the A.rtemia 
in two different ways. In one ve~sel, be increased the saltness of the 
water up to 180 Baume; in another, he reduced the solution to 3°, and 
thus reared several generations. In both cases, he remarked that each 
new generation easily lived in such a concentrated solutjon as the pre
vious gen&ration could scarcely live in. By raising them in so different 
solutions (180 and 30 Baume), very differerent forms of A.rtemia were 
obtained, which were not to be found in their original pond. 

'' While carrsing on these observations, he at the same time proved 
that a parthenogenetic reproduction exists in .A..rtemia. Each time, both 
in the great increase of the weak solution as well as in the greatly 
increased saltness of the water, the females produced new generations, 
despite the absence of the males. Under these relatiou·s of the solu
tions, in warm weather, only females were produced. These females 
produced in similar breeding-jars only female offspring. Only in water 
of medium strength were produced males." . 

As a further illustration of the influence of pbysico•chemical surround
ings on the organization of these animals I will again quote from the 
abstract of the remarks of our author. ''In the salt-pools in the neigh
borhood of Limans (near Odessa), he f01ind in the spring, together with 
Branchipus (A.rtemia)ferox, Gr., a very peculiar A.rtemia, which he thought 
was undescribed. He thought from certain characters that this speeies 
belonged to the. higher group of Branchipus. In this form, be observed 
some strange differences in the structure of the sexual organs, changes 
which could scarcely be regarded as pathologica.l. Usually, the horns 
(lower antennre) of the females are small, but in the old females they are 
clearly elongated, and are very much like the claspers of the. males. StiU 
earlier appears a striking change in the structure of the· genital organ8, 
when in some, characteristics of the male organs appear. In like man: 
ner, the sexual organ~ are clearly changed in the old males; and, in the 
sacs in which the outer sexual organs lie, we find a space which is very 
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similar to the ovisac of the young Branchipus ferox, Gr. In such old 
males, the spermatic particles are very clearly enlarged. How far these 
cbauges could go on, he could notsay,sincethisBranchipusisshort-lived. 
Tlwse changes in the sexual organs are especially marked in old indi
viduals; and he further remarks that such misshapen forms often 
occurred in the salt-pools after heavy rains." (Siebold and Kolliker's 
Zeitschrift, 1872, p. 293.) . 

Such tacts as these show how desirable collections in very large num
bers, at different seasons of the year, and from different localities, are 
for the proper stutly of these anim3ls. Moreover, they are among the 
ruo~St important facts showing how new generic and specific forms, as 
well as an unusual mode of a sexual reproduction, arise in consequence 
·of ch<lllges in the physical surroundngs of animals. 

Von Siebold, in his second work on parthenogenesis, has ascertained 
that Apus also reproduces by this virgin reproduction. Already. in 
1856. Siel>Old bad stated his supposition that Apus cancriformis, Lim
nadia gigas, and Polyphemus oculus, in which species no ma.les had been 
observed, presented examples of true parthenogenesis, and were not to 
be Jeg·arded as bud-producing "nurses" in a so-called alternation of 
gt>nerations. Leuckart subsequently expressed the same opinion with 
I'egard to the reproduction, independent of ·males, observed in Daphnia, 
Apus, aud Limnadia. Ever since that period, Siebold has continually 
kept an eye upon Apus. In 1858, the males of Apus were discovered by 
Kozu bow ski, and Siebold received specimens from various localities. 
Be thus lt>arned to distinguish with perfect facility the two sexes, and 
was enabled now to convince himself that, .as with the Lepidoptera 
above ~poken of, so with Apus, broods occur which are entirely destitute 
of males, and go on reproducing parthenogenetically, while other 
broods occur in which both sexes are present. The number of Apus 
of two species-Apus cancriformis and Apus productus-examined by 
Siebold amounts actually to some thousands. He received quantities 
taken from various ponds in Middle Europe (Apus occurs in shallow 
pools which dry ~1p during parts ·of the year, and it can be taken in 
immense quantities), and bad the opportunity of studying one pond
that at Gossberg, near Munich-with minuteness, from the year 1864 to 
the year 1869, inclusive, besides casuctl examinations of the same pond 
in 1857 and 1858. Time after time, taking several hundreds of the A pus 
from the pond, he never found a single male among them. On one 
occasion, he bad the whole contents of the little pond removed with the 
greatest care, so as to feel sure that be bad obtained every Apus present. 
_Be obtained on this occasion 5,796 specimens of Apu.~, every one of which, 
beinr1 carefully eix:an11,ined, proved to be a female. .At the same time, 2,576 
specimens of Branchipus were obtained from the pond, which were, as 
usual, of both sexes. In those cases where ponds afforded both males 
and 1emales of Apus, it is remarkable that the proportion of the sexes 
was very variable. The highest proportion of males appears to be in 
a case recorded by Sir John Lubbock, who found 33 male aud J9 
female Apus productus in a pond near Rouen; while among 193 
specimens of Apus cancr~formis, from a locality near Krakou, ouly one 
male occurred. What is most important about this variation in the 
proportion of males to females is that in two or three localities, furnish
ing mixed generations of Apus, from which be has received, year after 
year, numbers of specimens, Siebold bas observed an apparent con
stantly augmenting disproportion of males to females, and . be is led 
to the supposition that, in these cases, the males will at . last cease 
altogether, and thus a female generation be produced, which will con
tinue to reproduce itself parthenogenet.ically, as in the Gossberg and a, 
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great number of other ponds. This is, however, by no means proved; 
and we have no idea at present as to how the males may make their 
appearance again, or what are the conditions affecting their develo{}
l)lent and extinction. It occurred to Siebold that an objection might be 
urged against parthenogenesis in Apus, in that, although he examined 
consecutive generations, and found them always female, he could not 
be sure that males had not been present before he took his specimens, 
and had not died and decomposed after having fertilized the females. 
To meet such an objection, he first made himself thoroughly acquainted 
with t.he male generative organs and the spermatozoa, and secondly 
with the ovaries and their development. He found the spermatozoa to 
be motionless like those of other Crustacea, and he never succeeded in 
detecting any of them in the female genitalia among the specimens . 
belonging to supposed female generations. But he equally failed to 
find spermatozoa, or a receptacle for them, in the female genitalia of the 
specimens of mixed generations, and therefore no conclusion could be 
drawn from the observation. The structure and development of the 
ovum, howeyer, made this observation decisive, since it was found that 
an egg-shelL forms round the ovum in the uterus, and, in the absence of 
a micropy~e, fertilization, if it takes place at all, must be ac~omplished 
before this shell is harden~d. A further proof of another kind was 
obtained by experiment. Having removed eggs from females which 
certainly at the time contained no spermatozoa, Siebold placed them in 
a small tank, and from these obtained Apus embryos. Ot.hers were 
reared to maturity from eggs taken in the pond. 

The rela tiYe size of male and female is a quest.ion about which there 
is some interest; differences which have been observed seem to depend 
on the fact that Apus continues growing as long as the pond in which it 
lives does not dry up. And hence the eggs w bich batch soonest ghre 

· the largest-sized progeny. In his tabular statements, Siebold ghes 
measurements of the specimeQ.s examined by him at different times from 
various localities. 

As to the other crustaceans named, which are Artemia salina and 
Limnadia Herrnanni, the occurrence of parth~:mog,Jnetic broods i ~ infer
red from the descriptions of other writers whose works are criticised at 
sbme length, and also from examination of specimens. It seems not 
impossible, from an observation of Zenker, that il1 Artemia salina par
thenogenetic alternate with digenetic broods. In the beginning of the 
year 1~51, this observer found th: e.e males among one hundred females; 
later, in July, the ~ame pond furnished thousands of females, but not one 
male. 

It seems that males and females in this country have occurred in 
Apus longicaudatus and Apus L uca.sanus, but the males occurred in a 
lot of .A:. cequalis from Kansas. It would appear as if the males from 
Kansas-· mu~t be tlwse of A. cequalis; but they were _undistinguishable in 
form from A. Lucasanus from Uape Saint Lucus. Further ohsen7 ations 
are needed to clear up the matter. More _material from the ~7estern 
States is grf'atly needed; and as much has been already contributed 
by Dr. Hayden, it is to be hoped th <1 t the ~urve~7ing parties se"t1t out 
under his direction may collect largely of t.hem. , 

This leads to the subject of the geographical distribution of the fresh
water phyllopods of North America. Thus far no species of Apus has 
been found in the United States east of the Missis~tppi nor in British 
1\ merica. In Greenland and Arct.ic America, the Lepidurus glacial is 
occurs. In the West Indies, A pus Domjngensis occurs at San Domingo. 
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West of the Mis8issippi, three species are known to inhabit the region 
east of the Rocky Mountains, and a fourth has occurred on the Pacific 
slope at Cape Saint Lucas. 

Of the family Branckipodidm, species occur scattered over the whole 
country, though no Branchipus has yet peen discovered in the Pacific 
States. An Artemia occurs in Mono Lake, California, and the Great 
Salt Lake. The genus Branchinectes, with one·species in Greenland and 
another in Labrador, is also represented by an interesting form in Colo
rado, at an elevation of 12,500 feet. 

Of the family Limna&iadm, species occur scattered over the whole 
country, east and west of the Rocky 1\fountains, in British Ameriea, and 
the West Indies. · In the Pacific States, but one species (Esther'ia Cali
fornica., Pack.) has occurred, and that is very unlike any eastern species 
as yet discovered, and closely resembles an Italian species, thus bearing 
out the analogy of the Pacific coast fauna to that of Europe. 

The geological distribution of the fresh-water phyllopods is exceed
ingly interesting. The oldest forms are the Estherim, which occur as 
low down as the Devonian formation in Europe, while certain fbrms in 
the Mesozoic beds ofthiscountry have been described as bivalve mollusks. 
The genus Apus occurs in European Triassic rocks. The fresh-water 
strata of Mesozoic and Tertiary age, especially in the West, will undoubt
edl3, when thoroughly explored, reveal some of these forms, and the 
attention of paleontologists and collectors is hereby drawn to them. 

The habits of these crustaceans are exceedingly interesting from their 
unusual dependence on physical surroundings. They usually abound 
in pools a.nd puddles that dry up in warm weather; when the pools are 
filled, after a series of heavy rains, they suddenly appear. They are very 
local, rarely met with, but when they do occur, exist in large numbers. 
This singular appearance after ro:tins, in the beds of pools ·that have 
dried up, is dne to the wonderful vitality of the eggs, which are sur
I'Ounded by a dense outer shell, enabling them to resist great changes in 
temperature, and to be dried up for months without injury. Thus the 
eggs dropped in the bottom of pools and left there during the hot sum
mer-months, when the pool is dried up, survive the exposure to the sun 
and the cold of winter to hatch out in the spring. Dr. Brauer, of 
Vienna, believes, as he has informed me, from certain experiments on 
Estheria, that the . eggs would live and hatch if kept in dry mud for · 
several years. Artemict, which lives in salt-water, can be reared by 
putting the eggs in fresh water. And here I would ask any one who is 
so situated to send me a quantity of mud from the banks of Salt Lake, 
Utah. containing their eggs; the mud taken from the edge of the lake,. 
at any season, must teem with their eggs, and it could be dried and sent 
east by express. On receiving it, and, placing the mud in fresh water, 
this interesting animal can be reared and'studied at leiRure. We have 
seen that these creatures, in one species, at least, like the plant-lice~ re
produces parthenogenetically at one season, and by the normal mode at 
another, and thus some of the most interesting questions in biology may 
be studied, and perhaps settled by a thorough study of the mode of life 
of these interesting creatures. 

I append a brief synopsis of the fresh-water species of America north 
of 1\'lexieo, beginning with the lowest forms, so that they may be readily 
iqentified; and I hope, by drawing the attention of individuals and 
government surveying parties, especially in the Far West, to these in
t.eresting animals, to have their co-operation in the preparation of a 
monograph of the group. Specimens should be collected by hundreds, 
as they always occur in great abundance when found at all, and placed 
in strong alcohol for permanent preservation. 
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SYNOPSIS OF THE FRESH-WATER PHYLLOPODA NORTH OF MEXICO. 

Order PHYLLOPOD.A.. 

Family 1, ESTHERIADA£.-BQdy compressed, with from 10 to 27 feet, 
inclosed in a bivalve-shell. 

Limnetis.-Shell small, less than two lines in length, round, globose, 
without lines of growth or umbones; feet-bearing segments from 10 
to 12. (Fig. 3.) 

L. Gould-ii, Baird (Annals and Mag. Nat. Hist., 1862, p. 393).-Shell 
with numerous deep punctures sc"attered over the surface, with the place 
of insertion of the adductor muscle very smooth and shining. Canada 
and Massanhusetts. 

L. gracilicornis, Pack. (Amer. Journ. Sc., 1871).-Di:ffers from L. 
Gouldii in the long, slender, second antennre, which have about 20 joints. 
The keel on the front of the head does not reach to the front edge, 
while in L. Gouldii it does; shell of the same form, but much larger 
than in L. Gouldii. Length of shell, 0.17 inch; breadth, 0.16 inch~ 
Texas. In fresb-:water pools. 

Limnadia.-Shelllarge, with few (4 or 5) lines of growth, subtriangn
lar or broadly ovate ; animal with a knob-like projection (" Haftorga.n ") 
above the e,Yes; second an tenure with 9 or 10 joints to the flagella; 
from 1~ to 26 feet. Males (only known in an Australian species, Claus.) 
with large, clumsy hooks on the ends of the first pair of swimming-feet; 
body much smaliPr than in Estheria. . 

L. Amer-ica.na, Morse (Proc. Bost. Soc. Nat. Hist.), (Fig. 4).-Shelllarge 
broad-oval, with 18 lines of g-rowth, smooth and shining; aUied to L. 
gigas of Europe. Length of shell, 0.55 inch. Massachusetts. 

L. (Eulimnadia) Aga.ssizii, Pack. (Sixth Rep. Peab. Acad., 1874), (Fig. 
5).-Shell narrow-ovate, rather prominent behind the umbones; with 4 
li-nes of growth. Animal with 18 feet, and antennre with 9-jointed 
flagella. Length of shell, 0.25 inch. Penikese Island, Massachusetts. 

L. (Eulimnadia) Texana, Pack. (Amer .• Journ. Sc., 1871).-Shell nar
rower than in L. Agassiz·ii, more oblong, with 5 lines of g-rowth. 
Animal with 10 joints in the flagella; 18 pairs of feet; and with a 
larger telson than in L. Agassizii. Length of shell, 0.27 inch. Texas. 
"Quite common in many places in Western Texas in the early. spring. 
It occurs in muddy pools made after rains, and totally disappears with 
the first drying of the pools ; occurred with Limnet-is and Streptocepha
hts."-(Belfrage.) 

Lirnnadella coriacea tRaldeman).-This gem~s was founded by Girard 
(Proc. Phil. Acad. N. S., 1854, p. 3) under the name Limnadella Kitei. 
It was previously described by Haldeman as Lirnnadia coriacea in the 
same proceedings (vol.1, p. 18<f, 1842). It is said to have the eyes united 
into one, with 24 pairs of feet. Shell elliptical; light or dark-brown, 
spotted with black, three lines in length .• Ohio and Pennsylvania. 
Grube thinks this may possibly be a species of Estheria. It is very 
desirable to rediscover this species. 

Estheria.-Shell oval, more or less globose, Oyclas-like, with numer
eus lines of growth, amber-colored. Animal without a baftorgan; second 
an tenure with from 11. to 17 joints to the flagella; from 25 to 27 seg
ments in the body behind the head, and 24 to 28 feet; anterior feet in 
the males with clumsy hooks. 

E. Galifornica., Pack. (Sixth Rep. Peab. Acad. Sc., 1874), (Fig. 6).
Shell remarkably thin, so that at first sight it would be mistaken for a 
Lirnnadia, subtriangular; umbones very small, situated much nearer 
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than usual to the anterior edge; 18 }ill('S of growth, with very fine granu
lations between them. Length, 0.45 inch. California. 

E. Clarkii, Pack. (Sixth Rep. Peab. Acad. Sc., 1874), (Fig. 7).
Shell oblong-oval, thin, about two-thirds as broad as long, with the 
umbones rather prominent, oblique, situated on the anterior fourth of 
the shell. About 20 lines of growth. Unusuall.v fine microscopic punc
tures between the lines. Length, 0.45 inch. Male shell narrower, and 
with rather more prominent umbones than in the female. Animal witll14 
joints in antennal flagella; each joint along the middle with 6 or 7 spines. 
above, and 3 or 4 stout hairs beneath; .22 pairs of swimming-feet; tel
son with 20 pairs of unequal spines; claws of male long and much 
curved; telson larger than iu the other sex. Ohio, Kentucky, Kansas. 
May and later. Differs from E. Caldwelli in the flatter f'hell, and smaller 
umboues, while the interstices between the lines are much less coarsely 
punctate. 

E. Caldwelli, Baird (Proc. Zool. Soc. London, 1862, p. 148).-Umbones 
situated almost in the middle third of the shell, broad, at~d directed a 
good deal anteriorly; shell very globose; lines of growth numerous, 
thickly punctured between them; 0.40 inch. Lake Winm•peg, Grube. 

E. Morsei, Pack. (Amer. Jourrt. Sc., 1871).-Shell intermediate in 
form between E. Caldwelli and E. Dunkeri, Baird, from Zimapan, Mexico~ 
Much swollen; oblong-oval, pale born-color, umbones large, pro mi-. 
nent, larger than in E. Caldwelli, much less oblique, and situated near 
the anterior end of the shell. Dorsal margin shorter than in E. Ga.ld
welli, and in front of the umbones, instead of being straight and sud- . 
denly curved downward, is regularly rounded, as in E. Dunkeri. Punc
tures between the lines of growth on an av~rage, in the middle of the 
shell, from 5 to 10 in number. Length, 0.50 inch. Six specimens from 
"Grindstone Creek, half-way from Fort Pierre to the Bad Lands," 
Dakota. Collected by Dr. Basden (1\Ius~ Chicago Acad. Sc.),-Iowa. 

E. Belfragei, Pack (Amer. Journ. Sc., 1871), (Fig. 8).-Sbell thick, 
very globose, with the umbones prominent, situated at the anterior 
third of the shell; dorsal edge straight behind the umbones, bent rather 
suduenlv downward at two-thirds of the distance from the umbones to 
the posterior end, the end being full and rounded, 22 liues of growth, 
between· which the shell is coarsely punctuate, from 5 to 8 dots (when 
placed in a ~traight line) bet.ween the lines. Length, 0.30 inch; flagella 
with 16 joims; 15 pairs of spines on the telson. Texas. 

E. Jonesii, Baird (Proc. Zool. Soc. London, 1862, p. 147).-A number 
of individuals of this species, which do not differ from ~::~peciu1ens from 
Cuba, receh·ed from Or. von Marten.s, of the Berlin museum, belong 
to the Chicago Academy, and are marked in Dr. Stimpson's handwriting 
"Localitj' lost." As no other speci!llen~ from the VVest Indies occur in 
the collect,ion received frow Dr. Stimpson, it indicates that E .• Jonesii 
may possibly occur in the Southern States or Central America. • The only 
habitat as yet known is Cuba. 

Family 2, APODID.lE.-Of large size, with a rounded carapace, partially 
covering the base of the abdomen, which is elongated, and ends in two 
long,· many-jointed, caudal filaments. About 60 pairs of swimming
feet. Antennffi rudimentary. First maxillipeds antenniform. 

Lepidurus -Body much shorter than in Apus. First maxilJipeds 
shorter, and a long, spatulate, keeled telson, projecting out beyond the 
insertion of the caudal filaments. · 

.L. glacialis, Kroyer (Fig. 9, enlarged).-A dark-greenish species, .· 
which differs from L. prvductus, Leach, in the distance from the front 
edge of the carapace to bas~. ofbypostoma being nearly one-half less than 
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in p'ro&u.vtus. Supraanal plate with fewer larger teeth. Carapaoo shorter. 
Length, exclusive of caudal filaments, 1 inch. Greenland and Cape 
Krusenstern (ij,ichardson ). 

Apus.-Antenniform maxillipeds long; telson squarish. 
A. mqualis, Pack. (Amer. Jour. Sc., 1871), (Fig. 10).- ~. Carapace 

louger than in any of the other species; eyes larger. Number of seg
ments behind the posterior edge of the shield, 23. Length of body (ex
cluding caudal filaments), 1.15 inches. : 

~. The telson has 5 median spines, and is shorter, while the caudal 
:filaments have more numerous ~nd shorter spines than in A.. Newberryi. 
The under side of the telson is much smoother than in A. longica,udatus, 
and the outer gill of the first maxilliped is a little longer and more 
acute. Number of segments beyond the hind edge of carapace, 25. 
Length of body alone, 1.07 inches. Plains of Rocky lVIountains, Kan
sas(~), and Matamoras. 

Apus Newbe'rryi, Pack (Amer. Journ. Sc., 1871).- S?. Differs chiefly 
from A. longicaudatus in the shorter maxillipeds, and much longer, 
smooth telson, with 3 instead of 4 median spines, and in the smooth, 
:finely-spinulated caudal stylets, while the carapace is longer. Number 
of segments behind the posterior edge of carapace, 29. Length of body 
(excluding caudal filaments), 1.78 inches. Utah. · 

A pus Lucasanus, Pack. (Amer. J ourn. Sc., 1871 ).- J. Closely allied 
to A. longica.udatus. Maxillipeds shorter and smaller ; telson longer, 
with 3 median spines. Anal stylets less spiny than in A. longica'lt
datus. Number of segments bellind the posterior edge of the carapace, 
33. Length of body alone; 0.94 inch. 

S? • Carapace longer thaQ. in 3 , and caudal filaments not so heavily 
spined. Number of segments behind posterior edge of shield,29. Length 
of body alone, 0.80 inch. Cape Saint Lucas. 1\lales from Kansas. 

Apus longicaudatus, Leconte, J- ami S? (Annals N. Y. Lyceum, IV 
155, 1846).-In this species, the body is larger and carapace is shorter 
t.han in any of the others. James's A. obtusatus (Long's expedition) is 
probably this species. ':_rhe S? differs t:rom males in the shield being 
longer, with 28 segments beyond the end of the shield, and the under 
side of the telson is smoother, but above, as in J; ovisac, 0.10 inch in 
diameter. Length of body, 1.50 inches; of carapace, 0.60 inch. The caudal 
filaments are smaller and morecoarseJy spined than usual. Rocky Mount
ains, near Long's Peak (Mus. Yale Ooll.); Texas. Pools near Yellow
stone River, Dr. Hayden. "Found in immense numbers in a small 
shallow lake on the high plateau between Lo~lgP-pole Creek and Crow 
Creek, northeast of Long's Peak."-(Leconte.) 
· Family BRANCHIPODIDJE,_:_Body long anp. slender, with no carapace; 

eyes stalked ; second pair of anteiinoo adapted for clasping; 11 pairs 
of branchial (respiratory) feet. Female with a large egg-pouch attached 
at the base of the abdomen. Prof. _A. E. Verrill, in his valuable 
" 'Observations on the Phyllopod Crustacea of the Family Branchi
pidoo" (Proc. A mer. Assoc. Adv. Sc., ~July, 1870), has given the characters 
of the genera and species, and I give abstracts of his diagnoses of the 
generic and specific characters, with the addition, however, of descriptions 
of Streptocephalu~ TexensisandBranchinectes Ooloradensis, whichhave been 
described since the publication of his paper. 

· Artemia. Olasping organs (second antennoo) three-jointed; egg-sac 
short, broad; living in saline or alkaline waters. 

Artemia gracilis, Verrill (Fig. 11, enlarged).-Body slender; in the 
male about 0.3 inch long ; in the female, 0.4 inch. Claspers of the male 
r~la.tively long and powerful; first joint thickened, with a distinct angle 
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at the articulation on the outside, and a short, rounded, nearly semi
circular process on the inside near the base, about its own diameter from 
the base; secobd joint broad, flattened, continuous with the tb.ird join~, 
strongly curved; outline nearly regularly convex on the outside, until 
near the middle it suddenly bends inward, forming an obtuse angle,_ 
beyond which the outline is concave to the last articulation, where it 
becomes again convex, forming on the last joint a slight, rounded angle; 
the inner edge is nearly straight, or but slightly concaye, to the last 
articulation, where there is a slight but distinct angle; last joint tri- · 
angular, longer than broad, tapering to the acute, slightly-excurved 
point. Ovigerous pouch of the female, when seen from below, flask
shaped. "In tubs of salt-water on railroad-bridges, New Haven, Conn., 
and Boston."-(V errill.) 

.A.1~1onica, Verrill.-'' A little larger and stouter than .A. gracilis. Male~ 
claspers relatively stouter; the book, or outer two joints, being much 
broader, more triangular, and less elongated . . Caudal appendages . 
smaller, and bides of egg· pouch less angulated on the sides than in .A. 
g·racilis." Mono Lake, Ualiforuia. 

A.fertilis, Verrill.-H Larger tb::J.n either of the others, some of the speci
mens beiug three-quarters of an inch in length. . Male-claspers stout, . 
with the second joint broader and more triangular than in either of the 
preceding species. Great Salt Lake, Utah."-(Verrill.) 

Branchinecta.-Forrn rather slender, with the median appendages . 
longest, so as to somewhat resemble Artemia in outline, but larger. 
Male with rather slender, rounded, two-jointed claspers. Egg-pouch 
much elongated. 

B. a.rct-ica, Verrill.-'' Male-claspers rather long and slender; basal 
joint but little swollen, elongated, regular!~' curved, with a small tooth 
or prominent angle at the articulation on the inside, and on the inner 
side a row of numerous small, distinct, sharp teeth, extending from the 
articulation about half-way to the base, and arranged somewhatobliquely; 
second joint slender, regularly curved, tapering to a blunt point, the 
inner edge minutely serrulate. Egg-poueh of female much elongatt:d, 
slender, subeylindrica l."-(V Prrill.) In a small pool, north ~hore of Ham- · 
ilton Ba~' , or Invuctoke Inlet, Northern Labrador (Packard.) 
* B. Grmnlandica., Verrill.-" A little stouter than B. arctica; the largest 
male 17 millimeters, long. Claspers similar to those of B. arctica., but 
more elongated; the ba~ml joint less curved, and the second joint longer, 
less regularly curved, tapt>ring more quickly at base, and, consequeutly 
more attenuated beyond the middle, with more slender tips, which are 
nearly straight. The tooth on the inside of the first joint is rather more 
prominent, but the row of teeth along the inside is similar. Cauual 
appendages stouter, tapering more rapidl.y. Greenland."-(Verrill.) 

B. Coloradensis, Pack. (Fig. 12, male, female, and bead of female),
Difl'ers from B. Grmnland,ica, its nearest ally, in the basal joint of the 
claspers being less curved, slightly shorter, this and the second joint 
being entirely una·rmed. The second joint is sinuous, not 'tnpering, 
swollen, and bent in sligbtl.Y at the tip when seen in outline, but seen 
in front broad and flat, subspatulate. Caudal appen<lages rather stout, 
broader at base, and not contracting as in B. Grmnlandica. Length, 
0.57 inch. Colorado, one ~ from a "pond on a mountain near Twin 
Lake Creek, Colorado; elevation, 12,500 feet."-( Ha~-den's Survey of 
Colorado, 1873; collected by Lieut. W. L. Carpenter, U. S. A.) About 
a hundred males, and females, with eggs. Colorado, Dr. Viele (Mus. · 
Comp. Zool. Cambridge). No date. ' 

It will be interesting to determine whether these three forms are 
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really of specific value. For this purpose, large numbers of specimens 
from different localities at different dates are nf'.cessary. After the ob
servations made at Od~ssa on the wonderful degree of variation in .Arte
mia at different seasons of the year and density of the water, we are led 
to . think, from the fact that the females of the above three species of 
Branchinecte.~ are almost undistinguishable, that the forms are possibly 
con specific, and the differences which have been indicated are the result 
.of climatic and other physical causes. At present, however, it will be, 
perhaps, wisest to regard them as distinct. 

Eulwanchipus, Verrill.-" Body robust; male with large head and very 
stout claspers; first joint of clasper much swollen, capablt3 of retracting 
the basal portion of the second joint into their cavity; second joint stout 
at base, in the typical species with a large tooth on the· inside, the outer 
portion tapering, rather obtuse. Front of head between the claspers 
bears two thin, flat, tapering appendages, serrated on the edges and 
~transversely striated or jointed. Caudal appendages long. Egg-pouch 
-short and tbick."-(Verrill.) 

E. vernalis, Verrill.-"Claspers very large and strong; the basal joint 
much swollen; second joint long, broad, with an angle on the outside, 
from which it rapidly narrows b;y strongly concave outlines on each 
edge, bearing at the constricted portion, not far from the base, a large, 
strong, very prominent, crooked, bluntly-pointed tooth, which is directed 
inward and backward. Massachusetts and New Haven, Conn. Very 
early in spring in quiet ppols."-(Verrill.) 
• Streptocephalus, Baird.-Male-claspers long, three-jointed, tortuous; 

the terminal joint subdivided more or less into two or more branches, or 
bearing slender appendages. Male organs long, slender. Egg-pouch 
elongated or conical. 
· ~-.;. Texanus, Pack. (Amer. Journ. Sc., 1871), (Fig. 13, male enlarged).
Male differs from S. si-milis, Baird, from San Domingo, in the longer 
branch of the inferior antennre being much longer and slenderer .J,t tip, 
while the shorter branch is much narrower. Length of male, 0.65 inch·; 
female 0.55 inch. Texas, in pools, in summer, formed by the summer
rains, which had dried up early in the season; and also in April.
(Belfrage.) 
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11. A1·temia gracilis. 12. Branchipus col.:>radoensis. 13. Streptocephalustexanus. 





LIST OF LEECHES COLLECTED BY HAYDEN'S EXPEDITION, 1873. 

BY A. E. VERRILL. 

Nephelis lateralis Verrill (Say, sp.) 
A plain, dark brown variety, Clear Lake, Col. (Lieutenant Carpenter). 

Olepsine ornata Verrill, var.b. 
ln this large variety, the back is covered with numerousprominent 

papill::e, arranged in transverse rows. The two ocelli are united into 
one. Olear Lake, Col. (Lieutenant Carpenter). 
Aulastomum lacustre Leidy, var. fuliginos'ltm Verrill. 

In this v::m'iety, the color is nearly uniform dark brown. From a lake, 
elevated 9,000 feet, near Long's Peak (Lieutenant Carpenter). It occurs 
also jn pools near New Haven, Connecticut. 
N ephelopsis obscura Verrill, dark variety. 

The preserved specimens from this locality are dark olive, with black
ish mottlings. Found with the Aulastomum, from a lake, at 9,000 feet 
elevation, near Long's Peak, (Carpenter.) 
N ephelis qua,dristriata Verrill. 

One specimen is nearly uniform obscure dark brown; another has 
two broad, blackish, dorsal bands, with a narrow, light, median stripe. 
Little and Big Thompson, Estes Park, Col. (Lieutenant Carpenter). 
Olepsine pallida Verrill, var. b. 

1'he back is smooth, with narrow, dark stripes; six distinct ocelli. 
Occurred with the two preceding. 
Olepsine pall ida Verrill. 

The preserved specimens are brownish, with six small ocelli. Colorado 
(Lieutenant Carpenter). 

LIST OF TERRESTRIAL MOLLUSKS OOLLECTED BY LIEUT. 
W. L. CARPENTER, U. S. A., E'OR THE UNITED STATES 
GEOLOGICAL SURVEY OF COLORADO, 1873. 

BY WILLIAl\1 G. BINNEY •. 

HELICID.lE. 

Helix pulchella, '1\ftill., Este's Park. 
Vitrina Pi'eifferi, N ewe., head of Gunnison River. 
Patula striatella, Anth., Este's Park. 
Succinea lineata, \V. G. B., Este's Park. 
Patula Oooperi, W. G. B., Grand River. 
Fatula strigosa, Lea., Grand River. 
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SKETCH OF THE METHODS OF SURVE IN THE GEOGRAPH· 
ICAL DEPARTMEN : 

BY JAMES T. GARDNER, GEOG APHER. 

vV AS INGTON, July 18, 1874. 
SIR: I have the honor to inclose a sketch or the methods upon which 

the work is based in the geographical depar~ment of this survey, and 
also the results of my investigations to deter~ine the true elevation of 
Denver; regretting that the latter has occupied so much time that full 
reports of other branches of m~' work must bel delayed till next year. 

Very respectfully, . 
J.AS. T. GARDNER, 

Geoprapher. 
F. 7. HAYDEN, Geologist-in-Charge, 

U. S. Geological a:1d Geographical Survey of the TetrrUories. 

The horizontal measurements of this survey are made by a connected 
system of large and small triangles, developed from a measured base near 
Denver. I have endeavored to bring the trigonometric work to such a 
grade of accuracy that its errors will not be appreciable within the limits 
of the Territory on maps of a scale of four miles to one inch. With this 
purpose, the primary triangulation was expanded b~r me from the Denver 
base, four miles of which are on the track of the K. P. R. R. and two 
more are over very level ground. The termini are, however, so much 
higher than the central part that the line of sight between them is never 
less than 20 feet above the surface and generally 40 feet. Its length 
was twice measured with a steel tape, compared before and aJter meas~ 
urement with the United States Coast-Survey standard. The tape was 
under 20 pounds strain, and temperature-observations were taken every 
five minutes. The profile was determined by leveling, and results of the 
measurements corrected for level and temperature. Triangular pyra
mids 30 feet high were erected at the btations on the plains, by which 
the triangles were expanded to the mountains, where ~oughly-built stone 
monuments were used to sight at, except in the very long lines, where 
they became invisible, and the exact summit of the peak was taken. 
The angles were measured with an 8-inch circle graduated to 10", and 
reading to 5", constructe(\ by Wii1. Wiirdemann for the United States 
Coast-Survey. The measurements were generally repeated six times on 
different parts of the circle. The plan of the triangulation is shown on 
the accompanying map. 

Azimuths were observed at five of the principal trigonometric stations 
by repeated observations between Polaris and an illuminated signal on 
one of the lines of the triangulation. · 
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.At Denver and Colorado Springs, the triangles are connected with 
very accurate astronomical stations, located for us by the kind co-opera
tion of the United States Coast-Survey. Geodetic latitudes and longi
tudes of forty-eight stations were reduced trigonometrically from Den
ver, and plotted on a projection. From these points, the secondary 
triangulation and topography was plotted with protractors by the topog
raphers. The accuracy of the triangulation is determined by the clos
ure of the triangles, whose observed angles should sum up to 1800 plus 
the spherical excess. The forty-seven triangles, completed in 1873 and 
used in the final adjustment of the scheme, have a mean error of closure 
of 10".3. During the season of 1874, a check-b~u:;e will be measured in 
the San Luis Valley, and we shall then be able to judge more closely 
of the probable errors· of measurement by this triangulation. .At pres
ent it appears as if they would not exceed two feet per mile. Twelve 
thousand square miles ·were completed last summer, and m~re than 
twice that amount partially finished . . 

The secondary triangulation is done by the topographers with the 
gradienter, whose circle is small, but its telescope powerful. The error 
of closure of these triangles is about 2'. .As they rest for their bases 
upon the primary triangulation, the errors do not accumulate over any 
large area. The topography is sketched from the· trigonometric sta
tions, and the principal points of the sketch located by triangulation. 
The important roads are meandered. The magnetic needle is not used 
for angular measurement, except for minor details. 

The vertical measurements of the survey are based on determinations · 
of the height of the trigonometric stations above Denver on the follow
ing plan: 

The D .. & S. P. R. R. had run a line of levels from Denver,. whose 
elevation is about 5,000 feet, up to Fairplay, at about 10,000 feet, and I 
had these levels extended at our expense to the summit of 1\'Iount Lincoln, 
about 14,01)0 feet high. These points are about sixty miles west of Den
ver. On Mount Lincoln and .at Fairplay we established barometric sta
tions, and at Denver the station of the United States signal-office was 
used for reference. Ninety miles to the south, at Canon City, on the D. 
& R. G. R.' W., we bad another barometric station at an elevation of 
about 5,000 feet. The heights of the base-barometers above Denver 
being thus known by railroad-levels, the sunreying-parties,using mercu
rial barometers (Green's mountain-barometer) observed at their stations 
and camps synchronously with the observations . at the permanent sta
tions. · 
· The height of any point where observations were taken was deter

mined by referring them to the permanent station nearest in altitude. 
From the trigonometric stations, angles of elevation and depression 
~ere tak~n to a great number of points to assist the topographer in 
sketching the contours of the ground. These are, of course, referred to 
the elevatjon of the trigonometric station, as determined barometrically . 

.As it was impossible to proceed with our final maps until the elevation 
of Denver was known, I have undertaken to put together into connected 
chains all the various lines of ra.ilroad-le\rels that unite Denver with 
tbe .sea. It has been a labor of many months. The details and results 
of the investigation are given in a separate report. 



THE ELEVATIONS OF CERTAIN DATUM-POINTS ON THE GREAT 
LAKES AND RIVERS AND IN THE ROCKY MOUNTAINS. 

BY JAMES T. GiRDNER, GEOGRAPHER. 

INTRODUCTION. 

As the field of labor of the United States geological and geographical 
surveys of the Territories now lies in Colorado, the following work was 
undertaken for the purpose of determining the elevation of Denver, 
which is at present the base from which all' altitudes in the Territory 
are measured. The height of Denver above the sea had been vari
ously reported at from 5,043 feet to 5,303 feet, and the spirit-level 
lines of the K. P. and U. P. H. R.s seemed to difl'er nearly 200 feet. 
Believing that any such large discrepancies between ·spirit-level lines 
must be due to false reports and errors in joining the different links 
of these long chains to the sea, I determined to reconstruct all pos
sible lines of levels from the ocean to the Rocky Mountains, using only 
official reports by engineers, and checking them by personal examina
tion of their note-books and working profiles wherever practicable. 
For this purpose I visited the railroad-engineer offices at Denver, 
Omaha, Lawrence, Kansas City, 8aint Louis, Chicago, Cleveland, New 
York, and Philadelphia, examining not only the completed profiles and 
the original notes from which they were made, but making, also, such 
corrections as then seemed necessary to unite the lines of different 
companies. Several of the most important profiles were lost in the 
Chicago fire, and of one of these, that of the C., A., & St. L. R. R., no 
record is left. Profiles of the C. & N. vv. and of the C., R.I., & P.R. R.s 
bad been sent to the geological survey of Iowa, and had bee_n published; 
these have now to be used instead of the originals. 

For many years, various DepartmentH in Washington have been 
gathering railroad and canal profiles~ Mr. Nicholson, tbe topographer 
of the Post-Office Department, deserves especial mention for his long
continued activity in this important work undf'r the Smithsonian Insti
tution. Lately, the office of the Chief Signal-Officer of the United States 
Army bas compiled all of this material, with a large co1lection of their 
own from original sources, and carefully arranged and indexed it. In 
the 1871 and 1872 reports of the Chief Signal-Officer, Gen. Albert J. 
Myer, he speaks of Lieut. Henry Jackson, acting signal-officer and 
assistant, as having Yigorously prosecuted this department of the work. 
The collection comprises over one thousand profiles and reports from 
original sources; and efforts are being made to render it so complete, 
as to the profiles and their connections, that the elevation of every 
town on railrqad or canal shall be well determined. The civil engineers 
of this country mtnnot render a greatPr service to geographical science 
than to send to the United States Signal-Office copies of railroad and 
canal profiles. Some of the most important problems in the meteor
ology of the f'ountry are dependent for their solution upon our exact 
knowledge of the elevations of the observing-stations; and these must 
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be determined independently of the barometer. The elevations should 
be known to within five feet to satisfy the p~esent needs of meteor
ology. 

The use of this large and admirably-arranged collection was kindly 
offered me, and to its assistance I am largely indebted for the complete-
ness of this investigation. . 

The principal difficulties encountered in the present work were : the 
discrepancies between the different official reports of the profiles of the 
same railroad or canal ; the difficulty of finding the points referred to 
at the ends of the profiles; the difficulty of connecting them with the 
mean surface of the ocean ; and the clerical errors or mistakes in figures 
evidently due to copying. 

The differences between the reports of the profile of a railroad or canal 
seem to arise from want of care in computing from the level-notes, and 
from the fact that they are actually reports of different levelings which 
do not agree. Generally, a preliminary line of levels is first run over 
tbe whole line of the railroad, and bench-marks established; then, when 
construction is commenced, the different divisions of the line each take 
one of these bench-marks as the datum for their lfwels, and build their 
part of the work from this point. Thus, the line as a whole is really 
built from many separate datum-planes. vVhere the different divisions 
join, the~T connect their levels so that the relative height of the di1f'erent 
datum-planes may be calculated, and all may be reduced to one base. 
The notes of these connections are generally correct; but, in the first 
calculations of them, many errors almost always occur, incident upon the 
hurry and confusion of closing the work and dismissing the engineers 
for the sake of economy. After the railroad is running, and the chief 
engineer bas leisure to examine the records of his office, errors are found 
in the calculations of his profiles, and the whole is reviewed and a new 
profile constructed. It often .happens that, after a number of years, 
either a part or the whole of line is releveled, and a new profile is the 
result. 

Among the profiles which I have examined are representatives of all 
these classes : 

First. PrQfiles of preliminary lines of survey. 
Second. Profiles from first calculation of constructed lines. 
Third. Profiles of final calculation of constructed lines. 
Fourth. Profiles of final releveling of constructed lines. . 
Fifth. Profiles made up in the offices by mi~ing the results of two or 

more of the above classes. 
It is evident that these classes must differ very much in accuracy; and 

necessarily the first step in this examination was to determine upon 
methods of testing the profiles so as to fix their, proper relative weights. 
This was a very complicated and difficult process on account of the num
ber of factors to be considered. Some of the principles may, however,. 
be stated. . 

If two points were connected by several independent lines of railroad 
or canal, the agreement of these lines as to the differe:r;we of altitude of 
the termini was considered one of the best tests of accuracy. 

If one of these lines was a canal which had been releveled 'many times, 
and the ter:mini carefully connected with the other lines, an.dofwhich we 
had a final official report, this was · taken as true and used a~ a standard 
of comparison for the accuracy of the other lines. 

If the lines were all canal-levels, their relative weight was determined 
by the number of times they had beeu releveled, the receLtness of the 
work, the recentness of the official report, and its detailed character. 



GARDNER,) GEOGRAPHY-ELEVATION OF DATUM-POINTS. 631 

If the lines were all railroad-levels, the following points were consid
ered as favorable to the. character of any line or connection of lines: 

l!.,irst. That the official reports should be recent and detailed. 
Second. That they should be reports of the final computation of the· 

construction-levels, or a releveling of the completed line, or, be.st of all, 
that we should have both of these reports agreeing closely. 

Third. That there should be few connections of lines formerly inde
pendent to make up the present through-line. 

Fourth. That, where the ·une was made up by joining several parts 
formerly independent, the connection between them should not be open 
to any doubt. 

If, of sm·erallines between two points, one disagreed largely from the 
others of apparent equal weight, it was considered as probably in error. 

If several railroads, running from a common point, cross au important 
river, the fall of the stream was determined by the very best lines, and 
those were rejected which made it run up hill or gave an improbable 
fall. 

If several parallel railroads were cut by a. cross-line, well connected, 
their agreement upon this common line was considered as an important 
test. 

If several lines of levels between two points start from a common 
datum or 'directrix, and end also at a common datum, the connection for 
comparison is far more reliable than when the ends of the lines merely 
came into the same city, a.nd then have to be joined by comiecting the 
depots by city-levels. 

The results of the application of these standards of accuracy showed 
that recent official reports of the final comput~tion of the construction
levels were generally reliable so far as any one line is concerned. The 
Pa. R. R. may be given as one of the best examples. It has been 
recently releveled, and though there was a discrepancy between the 
new and old elevations of Pittsburgh of 11 feet, it was found on a third 
leveling of a part of t,he line that this was due to erroneous connection 
of two leveling-parties, and all ocm~rred at one point. And now, when 
a final computation of the old construction-levels, and of the new and 
corrected line, is made, the elevation of Pittsburgh by the new line is 
within a foot of the old. Great credit is due to Mr. 'Vilson, the consult
ing engineer of this road, for the interest he has taken in investigating 
the discrepancies of the Pa. R. R. profiles, and through his exertions 
we have at last a correct report of the profile of that important railroad 

· so many years after the levels were run. The profiles that seemed from 
their dates to be first calculations of constructed lines were often found 
unreliable, and do not generally agree with the final c~lculation of the 
levels when we have reports of both. The profiles of preliminary lines 
of survey were, of course, found very unreliable. The elevations of Cai
ro, Ill., and Columbus, Ky., have hitherto rested on a prelimimtr~- survey 
of the M. & 0. R. R. from Mobile Bay, and seem to be 10 to 15 feet 
below the better determinations. : · 

The worst of alJ the profiles, and the most perplexing to the geographer, 
are those m3,de up in t.he offices of some of the railroads by putting 
together data from old and new printed reports and from all the manu
script profiles in the office, and treating them as if the same datum 
of levels was referred to in all these sources of information. The mix
ture thus produced generally defies the most ingenious power of anal- · 
ysis in the searcher after truth. 

In general, I am satisfied that the important errors in our railroad and 

• 
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canal p1·ojiles are not so much dttte to imper;fect in.r;trumental U'ork as to 
hasty computation and careless combination of the results. 

The difficulties of making connection between the end of one profile 
and the beginning of another have been very great. Most cities have 
now a datum or base-point from which all the city-levels date, often 
called the city directrix. The United States Signal-Office bas taken 
great pains to get reports from most of the city-engineers of the heights 
of the railroad-depots above these city-directrices; but the difficulties 
of using this connection between railroads is that in many cases the 
present depots are not the ones referred to on the profiles of the roads; 
and even when the present depots are the same as the old ones, the 
grade at the depot has been changed since the railroad-profile was 
made, and no note of the present grade made on the profile. This seems 
to be the case in Chicago, where the railroad-profiles almost all indicate 
a lower grade for the depots than those reported by the city-engineer. 

By visiting the ground, and making connections with old benches, 
I have gotten rid of many of these errors, and, fortunately, in many 
cities the railroad-engineers have connected their datum with that of 
the city. If the engineers of this country will adopt this as a rule, the 
value of their work for general and scientific purposes will be very 
much increased. 

The railroad-lines from Philadelphia, and the railroad and canal lines 
from Albany, bad reported the elevations along their lines above tides 
of various stages at these points, and the G. T. R. W. of Ca. bad 
reported their elevations as referred to tide at Three Rivers, the head of 
tide-water in the Saint Lawrence. These datum-points difl'er from each 
other, and from the mean-surface of the ocean, which is the only proper 
plane of reference for our elevations. The errors due to this cause have 
entered into all previous reports of elevations in Pennsylvania and the 
regions about the great lakes. By the assistance of the United States 
Coast Survey, and of· Mr. Smedley, city engineer and surveyor of Phil
adelphia, the datum-planes of the Erie Canal and N. Y. C. R. R. levels 
and of the Pa. R. R. have been connected with the mean surface of the 
ocean. 

Important changes are made as -the result of this investigation. The 
elevation of the great lakes and surrounding country is found to be 
about 9 feet more than previously reported by the State geologist of 
Ohio, and that of Saint Louis about 23 feet higher than reported by 
Humphreys and Abbot. While Kansas City, and all the surrounding 
country for many hundred miles south and west, bas heretofore been 
reported more than 100 feet too low, Omaha is raised about 31 feet, and 
Indianapolis about 100 feet. The fall of the Mississippi above Memphis, 
and of the Ohio, and of the Missouri River• is also changed. The 

-amounts of these changes are so great, and the accuracy of the results 
of such importance to science and to our work of internal improvements, 
that I publish the evidence upon which they rest, and a statement 
of the evidence upon which previous reports were made where such 
could be found. 

The checking at Denver of the levels brought through by the U. P. 
and D.P. R. R., and by the K. P.R. R. is so close that I believe the 
error of elevation of this point cannot exceed 10 feet, exclusive of that 
due to deflection of the plumb-line by attraction of mountain-masses. 
The result by the K. P.R. R. is 5198.97; and .by the U. P. and D.P. R. 
R.s, 5194.20 feet above mean sea. :My determinations of the elevation 
of Ogden, above the Atlantic Ocean, by the U. :r. R. R., and above the 
Pacific Ocean, by the C. P. R. R., differ only 25 feet. · "Then it is con-
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sidered that the line of levels from the Atlantic to Ogden, Utah, is about 
two thousand miles long, this discrepancy is small. It is not improba
ble that a large part of this error lies between Cheyenne and Ogden, 
where the work on the U. P. R. R. was driven at an unprecedented 
speed, and where the line lies over mountains. The accompanying map 
shows the lines of levels that have entered into this discussion. 

Discussion of evidence of the altitudes of various points in the United 
States and Cctnada. 

T:S:E ELEV A.TION OF LAKE ONTARIO. 

First det.mnination. 

Mean tide at Albany, by Uniteol States Coast Survey 
leveling. . 

I 
I Feet. Various datum-planes. 

4. 84 Above mean tide west 
end of Eighteenth 
street, New York. 

4. 84 

Mean surface of La1'e Ontario, by report of :final level- 245. 15 Al;JOve M. T., Albany .......... . . . 
ings of Erie 9anal, (see prpfiles accompanyino- an-
nual report of State engineer and surveyor ofNew 
York, Jan@ry 1, 1868, by J.P. Goodsell.) 

Mean surface of Lake Ontario . ........ .. ....................... ............. · ................ . 

Second determination. 

Mean tide in St. Lawrence River at Three Rivers, 
dat um of levels of G. T. R. W. of Canada. 

6. 77 .Above M. H. T., at Port
land, M.e. 

Surface of Lako Ontario.. . ............................. 235.00 Above M. T., Three 
Rivers. 

249.99 

Do . . . • . • . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . .. . 241. 77 Above M. H. T ., P ortland ......... . 
(These figures are from a report of the chief engineer 

of the G. T. R. W. of Canada, dated March, 1872.) 
Mean high-tide at Portland, Me., by United States Coast 4. 5 I Above M. T., Portland .... " ....... 

Survey report. • • 
Surface of Lake Ontario................................ . . .. .. .. . . . .. . .. .. .. .. . • .. . .. . . . . . .. 246. 27 

Final results. 

Surface of L:.tke Ont:.trio : . 
First determination ..... ~.......................... .......... .......................... 249.99 
Second determination . ; .. .. . .. .. . .. . . .. .. . .. . .. .. .. . . • . . .. .. . .. .. . .. .. . .. .. .. . . . . . . .. .. 246. 27 
Adopted as correct. . . .. . . .. . .. . . .. .. . . . .. .. . . . .. .. . . .. .. . . . . . . . .. .. . . .. . . . . .. . . . . .. . . .. 249. 99 
Error of second determination . . . . • . . . . . . . • . . . • . . . . - 3. 72 ........•.•............. . ...•......• 

The first determination is adopted, because it is the final result of 
many years' leveling over the line of the Erie Canal, as against the result 
of a long and broken line of railroad-levels; and because the canal-engi- · 
neers have undoubtedly taken greater pains to get the mean surface of 
the lake than the railroad·-engineers, to whom such knowledge was of 
no practical importance. 

At l\1:ontreal, the levels of the G. T. R. W. are checked approximately 
by levels run by the _Montreal and Champlain R. R. Co., Montreal, sum
mer~ water in river is 30 feet above mean sea by the G. T. R. W.; by 
theM. & 0. levels L. vV. at Montreal is 69.7 feet below L. vV. Champlain. 
The surface of the lake is 100.84 feet by canal from Albany; hence L. 
vV. Montreal about 31 feet. Considered with reference to Lake Cham
plain, we have its height above mean sea 100.84 feet by Hudson River and 
vVhitehall Canal, and 99.7 feet by G. T. R. W~ from .Portland. 

• 
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ELEVATION OF BUFFALO, CLEVELAND DIRECTRIX, .AND MEAN SURFACE OF LAKE 
ERIE. 

Feet. Various datum-planes. 

First det,etmination. • 

Mean tide at .Albany. N.Y., by United States Co'lst 4. 84 .Above M. T. footofEight- ...•...•.. 
Survey leveling. eenth street, New York. 

Surface of water in Erie Canal at Buff<tlo, by report 568. 42 .Above M. T. Allmny .............•.• 
of finallevelings of Erie Canal, (see profiles accom-
panying annual report of St<tte engineer and sur-
veyor of New York, January 1, 1868, by J.P. Goou-
soll.) 

"\Vater-prism·of this section 9 feet deep; hence, bot- 559. 42 . ..... do ................ ... ........ .. 
tom of canal at Buffalo. 

Surface of Erie Canal, Buifalo........................ ...... ... . ...... ...... ...... .......... 573.26 

Surface of Lake Erie, by observations at Cleveland 8. 82 .Abo>e bottom of Erie ........... · 
Bottom of Erie Canal, Buffalo ........................ . .. .. ..... ·.. · ...... · · · · · · · · ·. · -.. . -~ 564. 26 

and Buffalo from 1844 to 1857, and published in Can:1l. 
Smit-hsonian Contributions, by C. Whittlesey, 1860. , 

Mean ~~r~~c~-~~ -~~-~~ ~~-~~-~~~~~~1~- ::::::::::::: ::·: --~~~: ~~ ... ~~~~~~: -~--~~~~~~ ::: ::: J· "573.'os· 
Cleveland directrix, by mean of a very ftvorable 11. 42 .Above bottom of Erie , ......... . 

· Cleveland on surface of lake, by Mr. C. 'Vbittle- · 
month of synchronous observations at Buffalo and Canal, Buffalo. I 
sey and Mr. J. Lathrop. 

Cleveland directrix .. .......................... . ............. : . . .. . . .. . .. . .. . . . . . . .. .. .. . . . . 575. 68 
Do .. .. .. .. .. . . .. .. .. .. • .. .. .. .. .. . .. .. .. .. .. . .. 2. 60 .Above M. S. of Lnke Erie 

• from 1844 to 1857. 
Mean surface of Lake Erie from 1844 to 1857 .....•••.. 573.08 

Second determination. 

Permanent United States Coast ~urvey bench on 8. 10 .Above M. T. Raritan Bay, 
p;ranite block at Gloucester Ferry, N.J., by United equal mean surface of 
States Coast Survey Report of 1871. Atlantic. • 

Mean tide in Delaware River at Philadelphia, hy 4. 751 Below U.S. C. S. bench ............. . 
United States Coast Survey Report. . 

Mean tide at Philadelphia .................................................................. I 3. 34!> 
Philadelphia city datum, by leveling of Mr. S. L. 0. 632 Above U.S. C. S. bench ... ·j--·--··--· 

-Smedley, city-engineer and surveyor, and his assist-
ant; Mr. HerrinJl:, January 11, 1874. 

Philadelphia city datum.: ...........••.. ' ............ . ........................ :............. 8. 73'l 
Pennsylvania R. R. datum, by report of Mr. Wilson, 1. 819 Below Philadelphia city .••....... 

consultin~-engineer of P.R. R ., 1874. datum. 
Pennsylvama R. R. datum or base of levels, called. .. ......................... _ ......... .. 6. 913 

H. T. at Philadelphia. . ' 
Harris burgh, Market street depot track.............. 313. 00 Above P.R. R. datum ............. .. 

Do . . . . . . . . . . . . . . . . . . . . . . . • . . • • . . • • . . . • . . • . . . . • . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . 319. 913 
Pittsburgh, Union depottrack........... ............. 738.00 .Above P.R. R. datum ............. .. 

Do ...................................... ·............................................. 744.913 
(The above elevations are from a profile of the last · 

computations from releveling the whole line, agree-
ing within one foot with the old construction-levels 
at Pittsburgh. R eport by Mr. Wilson, consulting-
engineer, April 2!1, 1874.) 

• Alliance, by P. F. W. & C. R. R. profile, 1872.......... 336.70 Above Union depot, Pitts-

Alliance, (track) .............................................. .. 
burgh. 

...... ... ..• .•••.. .......... 1, 081.613 
Cleveland directrix, by profile of C. & P. R. R., re- 507.55 Below .Alliance. . . • . .. .. • .. .. ........ 

ported by .Mr. L Pillsbury, February 11, 1858. 
Cleveland directl'lx......................... . . . . . . . • • . . . . .. . . . . .. . . • . .. . . .. . • .. .. . .. . .. .. .. 574. 063 
Crestline, (track,) by profile of P. F. W. & C. R. R.. .. 407.60 Above Union depot, Pitts- ..•..•.... 

burgh. 
Crestline . .. .. . . . .. • • • . . • . .. .. • • .. . . .. . .. • .. . . • . .. . . . . . • • • • . . . .. . .. . . . .. .. . • . .. . . . .. .. • • . • • . '1., 152. 51 
Cleveland directrix, by profile of C. C. C. & I. R. R., 577. 30 Below Crestline ..••.•..•...•.......• 

reported by Mr. I. Pillsbury, February 11, 1858. 
Clevel<tnd directrix . . .. . .. . .. • .. . .. . .. .. . . . . .. . . .. . . . . . • .. . • . . • . . • . . .. . .. • • • . .. . • • . • • .. • . . • . 575. 21 
Cleveland directrix, mean of Crestline and .Alliance ........ ·•. . • • • • • . .. .. .. • .. • • .. • .. . • • .. 574. 637 

routes. 
Mean surface of Lake Erie ............................................................... .. 572. OJ7 

:J.hird dctennination. 

Mean tide Albany, by United States Coast Survey.... 4. 84 .Above M. T. New York ........... . 
.Buffalo, N. Y. C. & :L. ~- R. R. depot track, by profile 578. 23 .Above tide at .Albany, as- .•...•.••. 

of N.Y. C. R. R. · sumed to be M. T. 
Butli.lJo, N.Y. C. depot track •••••••••••••••.•••••.•••.• ,.. •• •••• .................. ...... •••• 583.07 
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Elevation of Buffalo, Cleveland direct1·ix, and mean surface of Lake Erie_;.Continued. 

Feet. Various datnm-plimes~ 

Third determination-Continued. 

Cleveland, L. S. depot track, by pro:file of L. S. & M. 0. 70 Above Buffalo depot track. .••.•••••• 
' s. R. R. 

Cleveland, L. S. R. R. depot track ....•........ ;...... ..••.•.... . . ... •. •••••• ...•.•. .. .. . .. 5133.7.7 
Cleveland, L. S. R. R. depot track, by city-engineerre- 8. 5 Above city-directrix .............. ;. 

port. 
Cleveland directrix......................................................................... 575.27 
Mean surface of Lake Erie ..................................... ------~--- .. .......... ...... 572.67 

llourth determination. 

Junction of theN. C. & Pa. R. Rs., on main line of :l50. 00 above M. T. Baltimore ............ . 
Pa.R.R., westofHarrisburgh, by profile ofN.C.R.R. 

Harris burgh, Market street depot track.............. 30. 25 Below junction of N. C ..•...•...•..• 
Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 319. 75 

Surface of Lake Erie, (year not given,) by P. & E. R. R. 251. 00 Above Harris burgh ................ . 
Surface of Lake Erie, (year unknown) .......... ;..... .......... ............................ 570.75 

Fifth determination. 

Erie RaHway depot at Dunkirk....................... 606.80 Above M. T. New Yock .......... .. 
Surface of Lake Erie at Dunkirk, by profile supposed 582.20 ...... do ............................ . 

to be from construction-levels. 
(The present chief engineer reports that the line has 

been rerun, and that the old and new lines differ 
over 20 feet in some places. After examining the 
old and new levels, he gives preference to the old, 
but considers both incorrect.) 

Cleveland, L. S. depot, by L. S. & M. S. R. R......... 14. 5 Below Dunkirk ................... .. 
City directrix ... . .. ... . .. ...... .. .. .. .... .• . . .....•.. 8. 5 Below Cleveland depot .....•.......• 
Cleveland directrix..................... .. .. .. .. .. .. .. 23. 00 Below Dunkirk ........ -- .......... . 

Do ...................... ,............................................................ 583.80 
Mean surface of Lake Erie..................................... ............ ................ 581.20 
(This result is rejected in making up the means, be-

cause the levels are condemned by the chief engi-
neer of the road.) 

Sixth deterinination. 

Surface of Lake Ontario, by G. T. R. W. of Canada . . . . . . . . . . . . . . . . . . • • . • . . . . . . . . . . . • . . . . . . 246. 27 
Surface of water in Detroit River opposite Detroit, 328. 40 Above mean surface of 

by G. W. R. \V. of Canada. Lake Ontario. 
Surface of Lake Erie by State geological survey report. 3. 00 Below river at Detroit ......•....... 
Sud'ace of Lake Erie ...................................................................... ~ 571.67 

Final results; 

Lake Erie: 
First determination . . . . .. . • • . . .. . . . .. . • • . . . . .. • • . . ... • . • • • • . Mean surface ............ . 
Second· determination ......................... " ......... ~ ........ do .................. . 
Third determination .............................................. do .................. . 
Fourth determination ......................... ~ .................. do .................. . 
Fifth determination .............................................. do ................. .. 
Sixth determination .............................................. do ................. .. 

Adopted result. 

Surface of Lake Erie, mean of observations from 
1844 to 1857. · 

, Dijfermces of other results from the one adopted. 

573.08 
572.037 
572.670 
570.750 

[581. 20] 
571.67 

573.08 

Second determination diffe!'s . .. • .. . • • .. . .. • .. • • . • .. .. - 1. 04 ..................................... . 

jg!~~hdd~1~~~i~~~~~1~~tfu~~-~:::::: :::::::::::::::::: = g: ~~ 'y~~~ -~~k~~~;.:::::::::::: :::::::::: 
Sixth determination differs . . .. . .. .. . . .. .. .. .. .. • • . .. . - 1. 41 .••••• do ............................ . 
(The first determination is adopted, because it is the 

final result of many years' leveling on the Erie Canal, 
connected with the mean of thirteen years' observa
tions on the surface of the lake.) 

Cleveland directrix : 
First determination .................................................... ·................ 575.68 
Second determination .. .. .. .. .. . . .. .. . .. . . . .. .. .. . .. . .. . .. . . .. .. • . .. . .. .. .. .... .. ... .. • 574. 637 
Third determination ...................................................... ·••• • • •.. • • • • .. 575. 270 
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Elevation of Buffalo, Clevela.nd d-iTectTix , and rnean surface of Lalce E1·ie-Continued. 

Adopted result. 

Cleveland directrix, (this is high-water mark of 1838 
on pier.) 

Differences of the other results from the one adopted. 

Feet. . Various data.m-plll.nes. 

Second determination differs.......... .. .. .. .. . .. • • • .. - 1. 04 
Third determination differs........................... - 0. 41 

575.68 

The first determination is adopted, because it is the result of many 
years' leveling over the Erie Canal, connected with Cleveland by a very 
favorable month of observations on the lake- surface, and connected with 
mean sea by the levels of the United States Coast. Survey. 

The United States Coast-Survey line from their tide-gauge atNewYork 
to that at Albany was run for scientific purposes, and is undoubtedly 
leveling of the first quality. The Erie Canal has been in process of con
struction and enlargement for over fifty years. During this time the 
levels must have been rerun many times, and the benches and compu
tations checked by a succession of different engineers. Their final 
report should be of the highest authority. The mean surface of Lake 
Erie, during a month with light winds, when the fluctuations of the lake 
were small, is considered a level plane for connecting the west end of the 
canal with Ol1,weland. I think these reasons sufficient to justify me in 
accepting thfj first determination as against those b,y the railroad-lines. 

The result may then be considered as showing great accuracy in the 
raiboad .surveys, which are from 480 to 600 miles long, and 3'et differ 
but about one foot from the canal-Jm·els. 

A. t Harris burgh, where the lines of the second and fourth determinations 
cross, the checking is very close. The height, as brought by the U. S. 
C. S. and Pa. R. R. frotn Rftritan Bay, one hundred and seventy-five 
miles, is 319.91, while that brought from Baltimore by theN. 0. H. H. 
is 319.75; the two differing only -,(0~ of a foot. The elevation of this 
same ~farket-street depot at Harrisb_u~·gh by the P. & R.H. R.,reported to 
me by the cllief engineer :1\fay, 187 4, is 308.03 above M. T. Philadelphia, 
which would be 311.38 above M. T. Atlantic -ocean. This line is evi
dently in error about 8 feet betwe ::> n Philadelphia and Harrisbnrgh, but 
I believe it to be mostly in their computation, ·and not in the instru
mental work. 

A.t Pittsburgh the Pa. R. H. is again checked by the B: & 0. H. R., 
which, in a nurn ber of reports, give the elevation of their depot as 735 
feet above mean tide at Baltimore. By the report of the city-engineer, 
tbe B. & 0. R. R. depot track is 7.75 feet below that of the Union 
depot; hence the elevation of the track in the Union depot at Pitts
burgh, by the B. & 0. R .. R. above ~1. T. Baltimore, is 742.75 feet. That 
by the Pa. H. R. was 744.91 feet auove M. T. Raritan Bay. As it is not 
known to me how this mean tid£ was determined at Baltimore, nor is it 
knO\Vll whether mean tide at Baltimore is the same as the mean oceart·Sllr
face, and as the B. & 0. R. R. levels have not been subject to as many 
revisions as those _of the Pa. R .. R., and tbe_ coun.ec_ti.ou. of the Pittsburgh 
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depot is not known to be with the same grade given in the profiles of the 
railroad, I consider the Pa. R. R. result as being the more reliable for 
the present elevation of the track in the Uni.~n depot. 

The line of levels from Baltimore, by the_~· C. H_. R. to_ Harrisbu~gh, 
-and thence, by the P. & E. R. R. to Lake Ene, at Ene, a distance of four 
hundred and twenty-six miles, reaches the lake with an error that does 
not exceed 2 feet. 
ELEYATIONS m,: LAKE HURON, LAKE MICHIGAN, AND tHE CHICAGO DIRECTRIX. 

Feet. Various datum-planes. 

First determina tion. r I 

Lake Ontario at Oswego, by United States Coast Sur- ...............•.......•... ··-···.-.·I 24!l. ~9 
vey and Eric Canal. 

Surfiwe of Georgian Bay, Lake Huron, at Colling- 340.00 Above Lake Ontario ..•........•.••. 
wood, by N. R. R. of Canada. . 

Surface of Lake Huron in Georgian Bay .•.•...•.... .. .•.•.•.......•.•..•.•••..... ------ .. - . 58!l. 99 

Second determination. 

Surface of Lake Huron at Sarnia, south end of luke, 
by G. T. R. W. of Canada. 

341.00 Above Lake Ontario ...... ·----- ... . 

Surface of Lake Huron .. _ ............•.•• . .... _ ............. . .. . .......................... . 590. !)9 

Third determination. 

Mean surface of Lake Huron at t::larnia, by G. W. R. 
W. of Canada. · 

340.00 Above Lake Ontario ...... 

Mean surface of Lake Huron .. ____ • _. _ ..... _ ...... __ . . .................................... . 589.99 

Fourth determination. 

Mean snrface of La-ke Erie, by United States Coast 
Survey and Erie Canal. . 

Surface of Detroit River at Detroit, bv State geologi-
cal survey r eport. . 

Mean Surface of Lake Huron, by G. W. R. W. of 
Canada . 

Difference of Lake Erie and Lake Huron, mean sur
faces. 

Mean surface of Lake Huron .. . ............•.... 

Fifth dete?·mination. 

3. 00 

11.60 

14.60 

Surface of Detroit River at Detroit, by State geologi- 3. 00 
cal survey report 

.Junction of D. & M. R. R. and G. T. R. R., by D. & M. 55. 60 
R.R. 

Surface of Lake Huron, by G. T. R. W. of Canada . . . . 43. 00 
Lake Huton.................. ........................ 12.6 

Do . .... __ ........ . ...•......... _ ..........•. _ . . 15. 6 
Surface of Lake Huron .......... __ ............... . ............ . 

Sixth determination. 

Surface of Detroit River at D etroit ...•........... . ... 
Surfnce of Lake Michigan at Grand Haven, by D. 

& M. R.R. 

~~~~~ig~t:~~ .Mi-~hi·g;;;_·_ ~ ~ ~::: ~::::: ~::::::::::::: 
Seventh determinati.on. 

3. 00 
10.74 

13.74 

573.08 

Above Lake Erie ... .. ............. . 

Above surface of river at ... r .... .. 
D etroit. 

587.68 

Above Lake Erie . . ................ . 

Above water in De troit ......... . 
River, Sept. 24, 1868. 

Below Milwaukeejunction ........ .. 
Above river at D etroit, ........ .. 

September 24, 1868. 
A bo\·e Lake Erie._ ............ _ .. .. 

. ........ -- ... -... -. . .. . . . . . 588. 68 

Above Lake Erie . ........... ~ ..... . 
Above river at Detroit, ......... . 
· Septem her 24, lt'6B. 

Above Lake Erie ......... 
586.82 

Clevel~nd directrix._ ...................... . ........ _. . . . . . .. . . . . .. . .. . . . . .. . . . . . . . . .. .. .. . . 575. 68 
Crestl~ne, by C. C. C. & I. R R . .. _ .. _ ......•...... _. . . 577. 30 Above Cleveland direct rix .......... . 
Cresthue ...... . ... _ .. . __ . . .. _ . ........ . ..... ___ . . . . . . . .... . . _ ................ __ _ . . . . . . . . . . . 1, 152. 98 
Chicago depot of P. F. W. & C. R. R. track, by P. F. 558.6 Below Crestline .................... . 

W. & C. R. R. r eport, 1872. 
Chicago, P. F. W. & C. depot track . .....•..•. . .... _ . . .. : . ... _ .......••..•............ __ .... 594. 38 
Chicago. city directrix, by city-engineer, 11:l72. _ . .. .. . . 8. 5 Below . . top of rail in P. F--~·--· ...... 

. W. & C. depot. 
Chicago dire.ctrix ............ ~ ...... .. . .. . .. . . . • .. .. .. . .. . . . . . . . .. .. .. . . . . . . . . . . . . . .. . . . . . . . 585. 88 
Mean surface of Lake Michigan for pnst twent.y 2.00 Above city-directrix .............. .. 

years, by city-engineer's report. 
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ELEVATIONS OF LAKE HURON, ETC.-Continued. 

Feet. Va.rious datnm-planes. 

Surface of Lake Michigan, mean of twenty yea.rs .••........................... : . . . . . . . . . . . 587. 88 
.Alliance, by C. & P.R. R . . . . . . . . . . . . • • • . . . • . . . . • . . • • 507. 55 Above Cleveland directrix .......... . 
Alliance .................•.......•.........•.•.................................... :. . . . . . . . . 1, 083. 23 
Chicago depot, track of P. F. W. & C. R. :&., by P. F. 487. 7 Below Alliance ....•..•.........•••. 

"\V. & C., 1872, report. 
Chicago depot, track P. F. W. &·C. R. R. ..•••...•..•.. . ••.•..... ...... ...... ..........•••... 595.53 
Chicago directrix, by city-engineers, 1872.. •• • • • • • • • • . 8. 50 Belo"W depot tnwk ................. . 
Chicago directrix. . . . . . . . • . . . . . • . . . . . . . . . • . • • . . . • . . . . . . • • • . . . . . . . . . . . . . . . . . . .. • . . . . . . . . . . . . . 587. 03 
Sn~face of. Lak~ Michij!an, mean of past twenty years . . . . . . . . • . . . . . . . • • . . . • .. • . . • . . . . . . . . . . 589. 03 
ChiCago d1reetnx, by P. F. W. &. C. R. R., mean of Al- . .. . . . . . • . . . . . . . . • . . . . . . . . • . . . . . . . . . . . 586.46 

liance and Crestline connection with Cleveland. 
Surface of Lake Michigan .••..••••..•.. ~. . • . . . . .. • • • . . • • • • • . . • . . . . .. • . . . . . . . • • • . . . . . . . . . • . . 588. 46 

Eighth determination. 

Clevelanu directrix ...... ·.. ..• .. .• .. . .• .•.•... •• .. .• . .•.. .. . . . . .... .. .•.... ... . .. ••. . .. . . . . 575.68 
Cleveland, L. S. & M.S. depot, by city-engineer....... 8. 50 Above directrix ..... . .........•...• 
Chica~o, L. S. & M. S. depot track, by profile procured 16. 6 Above ()loveland depot .....•. . ..•... 

at tne office of chief engineer, October, 1873. 
Chicago, L. S. & M.S. R. R. depot track. ......•.. •.•. ..•....... ...... ...... ...... ....... .. . 600.78 
Chicago directrix, by city-engineer, 1!:S72 • • • . . • • • . • • • 12. 80 · Below track of L. S. & M. . ••.•••••• 

S. depot. 
Chicago directrix..................................... ...• .• . •. . .... .. .... .. ...•.. ...... .. . . 587.98 
Surface of Lake Michigan, mean of past twenty years. . ••....... ...•.•... .•..••. ..••.. •..... 589.98 

Ninth tletermination. 

Mean surface of Lake Erie.............. . ............ ...... . .. . ...... .... .. ................ 573.08 
Mean surfate of river at Detroit, by State geological 3. 00 Above Lake Eric ... ... ........... ' .. 

survey report. 
Usual height of water in river on June 1. ........... . 1. 00 Above mean surface of 

river. 
Chicago depot of M. C. R. R., by M. C. R. R. report.... 13.20 Above river at Detroit, 

June 1, 1869. 
Chicago d£~pot of M. C. R. R. & I. C. R. R. . .. .•. ....... ...... .... ...... ...... ....... .. .... . .. .590. 28 
Chicago directrix, by chief engineer of L C. R. R...... 6·. 5 Below I. C. & M. C. R. R. . .•....•.. 

· depot. 
Chicago directrix ....................................................... , ................... . 
Mean surface of Lake Michigan . .. .... . • . • .. . • .. . • .. .. . .................................... . 

Final results. 

Surface of Lake Michigan and Lake Huron: 
(2) Firstaetermination ........................... Huron .. State of water unknown .. 
(2) Second determination ............................ do .......... do .................. . 
(2) Third determination ............................. do .••. Mean surface ............ . 
(1) Fourth determination ............................ do .......... do .................. . 
(1) Fifth determination .............................. do .... State of water unknown .. 
(1) Sixthdetermination ........................... Michigan ...... do ............•...... 
( 4) S0venth determination .•••....••.......•......... do . . . . Mean surface ............ . 
(4) Eighth determination ........................... . <lo .......... do ......... .. ....... . 
(1) Ninth determination ............... : .......... Michigan . ...... do .................. . 

(The figures in parentheses indicate the relative 
weights with 'which the different determinations 
enter into the mean.) . 

Adopted result. 

58.1. 78 
585.78 

589.99 
590.99 
589.99 
587.68 
588.68 
586.82 
588.46 
589.98 
585. 71:3 

Mean of nine determinations...................... . .. . . . . .. . . . . . . • . .. . . . . . . . . .. . .. . . . . . . . . . 589. 15 
Mean surface of Lake Michigan for past twenty years. . ... . . . . . . ...... .... .. . . . .. .•. .. .... .. 589.15 
The extreme range among the nine results is......... 4. 21 . ....... ........ ..................... . 
{This amount does not exceed the known fluctua-

tions of the lakes.) . 
Chicago directrix: 

Seventh determination ................................................................ . 

Mea!~~~:~ ~-~t~-r~~~~-t~~~-:::::::::: :::::::::::::::::: : ::::::::: :::::::::::::::::::::::::::: 
Result by subtracting 2 feet from adopted result for ...................................... . 

mean surface of the lake. 

Adopted result. 

Chicagocity.direc.trix . ............... . ............................................. . ...... . 
The observations at Chicago make the city-directrix.. 2. 00 I Tiel ow mean surface of 

Lake Michigan for past 
. twenty years. 

586.46 
587.98 
5R7. 22 
587. 15 

587.15 
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Hence, if the height 589.15 feet is adopted as the mean surface, 587.15 
feet must be the elevation of the city-directrix. I have given their respect
ive relative "\jeights to the different determinations for the following rea
son : The fourth, fifth, sixth, and ninth are of least value, because they 
depend on the height of the water at Detroit, being 3 feet above Lake 
Erie, as reported by the State geological survey. The original data upon 
which this report depends cannot be found, and I therefore consider it 
open to much doubt. The first, second,. and third determinations are 
given the value (2) because they are first-class railroad-lin~s, run from a 
base at Toronto, called surface of Lake Ontario, but which I do not 
know to be tile. mean surface, but simply assume it to be so. They run 

. directly to Lake ·Huron, but only in one case is the state of the water 
given; and then I do not know of how many years it is the mean. 
These results should, of course, be far better than the fonrth, fifth, sixth, 
and n~ntb, but are · not nearly so probable as the seventh and eighth, 
which depend on railroad-lines run directly from the Cle,Teland direct
rix to the Chicago depots, which in this case seem well .connected 
with the Chicago rlirect.rix. The height of the Cleveland directrix, as 
brought through on these same railroad-lines, the L. S . .& M.S., the 
.P. F. ,y_ & C., C. & P., and C. C. C. & I. R. Rs. had checked so closely with 
the canal and lake sufi'ace result that they are entitled to great weight 
in their westward extension to Chicago. In comiection with these 
directrices of Cleveland and Chicago, the fluctuations of the lakes have 
been oboorved. and the mean surfaces determined. For accounts of 
these fluctuations· Bee Smithsonian Contributions, 1860: Fluctuations of 
Level in. the North American Lakes, lJy Charles vVhittlesey; also a 
recent report from the Dudley observatory, Albany, N. Y. 

Determinations 1, 2, 3, 7, and 8 are the only ones which rest upon 
sufficient evidence to make them of much v.alue, and it 1-vill be noticed 
tha;t the range among these five is only 2.53 feet, with the lake at an 
unkpown stage of the water. The range among those three that refer 
to the mean surface of Lakes Huron and Michigan is only 1.53 feet. I 
think therefore that the elevations of the mean surface of Lake Michigan 
and. ~f the Chicago directrix will probably not be open to .a change of 
over one foot. We have here at the Chicago directrix an opportunity 
for comparing the results of two very long and independent lines of 
railroad-levels, those of theN. Y. C. and L. S. & M. S. R. Rs., and of the 
Pa. R. R. and P.. F. W . . & 0. R. R. I give the results in detail; 
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Frottt mean tide New York Bay to the Chicago ditectrix. 

By theN. Y. C.R.R.: 
Mean tide Albany, by United States Coast Survey. 
Buffalo depot, by N.Y. C. R. R ........•........... 
Chicago depot, by L. S. & M.S. R. R ............. . 
Chicago directrix ................................ . 

Feet. Various datum~planes. 

4. 84 Above M. T. New York -~ ........ .. 
578.23 Above T. at Albany .............. .. 
17.30 Above Buffalo depot ............... , 
12. 80 Below Chicago, L. S. & M. . ....•.... 

S. depot. 
Do......................................... ....... ... ........ ...... ...... .... . ... 587.57 · 

Total distance from New York Bay, 980 miles. · 
By the Pa. R. R.: 

Pa. R. R. datum, by United States Coast Survey.. 6. 913 A.l)Ove M. T. Raritan Bay, ..•..•.•.• 
Pittsburgh Union depot, by Pa. R. R .......... :. . . 738. 00 A hove Pa. R. R. datum ............. . 
Chicago depot, by P. ]'. W. & C. R. 1{ . • . . . • . . . . . . . 131. 00 Below P ittsburgh depot .....•.•.... 
Chicago liirectrix ........ ;.... .... ............. ... 8. 50 Below Chicago depot .............. .. 

Do . ... . ...... ...... ...... ...... ............ . . ...... .. . ..... ...... . . ........ ...... 585.41 
Total distance, about 900 miles. 
Chicago directrix, byN. Y. C. &L. S. &M. S.R. R., 980 587.57 .A.bo>e M. T. N ew York ............ . 

miles. . 
Chicago directrix, by Pa. R. R. & P. F. W. & C. R. R., 585. 41 Above M. T. Raritan Bay .......... . 

900 miles. • · 
Difference............................................ 2.16 ..................................... . 

These lines are about one hundred and fifty miles apart through 
· the first half of their course and about fifty miles in the western part. 

The Pa. R. R. crosses the Appalachian-mountain s;ystem in a difficult 
place, rising to a height of 2,290 feet, among ridges that must exert con
siderable attraction upon the level, while theN. Y. C. and L. S. & l\1:. 
S. Railroads are through @Omparatively level country; and yet, after • 
this long course of about nine hundred miles, they reach Chicago with 
only two feet difference in their levels. The result seems truly remark
able. The height by the Pa. R. R. differs-1.74 feet, and by theN. Y. 
C., L. S. & M. S. R. R. +0.42 feet from the adopted elevfltion. , 

TheN. Y. C. R. R. is checked at Bufl'alo, three hundred miles from 
Albany, by a connection with surface of Lake Erie, state of water un
known, but assumed to be mean surface. The railroad-levels are 0.7 foot 
too high. At Cleveland, four hun<lred and eighty miles from Albany, 
the railroad-levels are 0.41 feet too high, and at Chicago 0.42 feet too 
high. The Pa. R. R. is checked at Harrisburgh, one hundred miles from 
Philadelphia, where it is intersected by the N. C. R. R., bringing its 
levels from mean tide at Baltimore, eight.y-four miles. The two lines of 
levels differ but 0.16 feet. It is checked again at Pittsburgh, three hun
dred and fifty miles froin Philadelphia, where the B. & 0. H. R. inter
sects, bringing its levels from mt=>an tide a'tBaltimore about three hundred 
miles. The levels by the Pa. R. R. are 2.16 feet higher than by the B. & 0. 
R. R., but the connection of the profiles of the two is not exactly certain. 
It is, however, not improbable that mean tide at Baltimore is a little 
above the mean level of the ocean. At Alliance, the P. F. W. & C., the 
extension of the Pa. R. R. line of levels to Chicago, is checked by the 
C. & P.R. R. from the Cleveland directrix. The elevation of Alliance 
by the Pa. R. R. and P. F. \V. & C. R. R. is 1081.61 feet; that by the 
C. & P.R. R. is 1083.23 feet; the P. F. 'N. & C. being probably too 
low. 

At Crestline it is checked again from the Cleveland directrix, the ele
vation by the P. F. W. & C. R. R. being 1152.51, and that by the C. 
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C. C. & I. R. R. 1152.98; the P. F. W. & C. being probably too low. 
At Chicago, th'? P. F. W. & C. R. R. levels are 1.74 feet too low_. The 
mean of these checks at Alliance, Crestline, and Chicago would make 
the whole of the western part of this line 1.27 feet too low. I therefore 
think it not improbable that the elevation of Pittsburgh by the Pa. R. 
R. may be about 1 foot too .low. Considering all the evidence, I should 
be inclined to adopt 746 feet as the elevation of Pittsburgh Union-depot 
track instead of the Pa. R. R. result of 744.913. 

The longest connected line of railroad-levels that we have an opportu
nity to check at ()hicago is that of the G. T. R. W. of Canada, from 
Portland, Me., to Detroit, l\1ich., and thence to Chicago by the M. C. R. 
R. The details of the line and its results are as follows: 

Elevation of Chicago directrix by G. T. R. W. of Canada and , . C. R. R. 

• Foot. Vadous datnJ planos. 

Mean high tide at Portland........................... 4. 5 Above M. T. Po tland . .............• 
1¥Iean tide, G. T. R. R. datum at Three Rivers.. ....... 6. 77 .Above M. H. T. Portland ...........• 
Toronto.............................................. 239.78 Above G. T. R. V. datum .. ........ . 
Detroit junction ......... . . . . . . . .. . . .. . .. .. . . . . ... . . . 340.22 Above Toronto .................. . 

8~{~:~~ g~r?e~\~i~::: :::::::::::::::::::::::::::::::::: ~: i~ ~~{~! ~e~~~i;;M.c6~0n:ii : :::::::::: 
Do....................................................... ... . ............... . ....... 580.07 

Distance from Portland to Chicago 1,142 miles. 

1\tiy adopted elevation is 587.15 feet; therefore, this line of levels, 
eleven hundred and forty-two miles long, appears to be in error only 
7.08 feet, and the greater part of this error is in the l\L C. R. R. line in 
the last three hundred miles. The quality of the line in different parts 
is shown by the checks at various points. The first check is at Toronto, 
six hundred and thirty miles from Portland, where the line is connected 
with the surface of Lake Ontario, the state of the water unknown, but 
assuming it to be the mean surface, the levels are 3.72 feet too low. rrhe 
next check is at Sarnia, on Lake Huron, eight hundred miles from 
Portland, where the line is connected with the surface of this lake; the 
state of the water is again unknown, but, if assumed it to be the mean 
surface, the levels are 1.88 feet too low. At Detroit junction we have 
an approximate check by the height of that point, by the 1\'I. C. R. R., 
above H. W. in river at Detroit, ,June 1, 1~69. TheM. 0. R. R. gives 
the height of Grand Trunk junction at 17.90 feet above H. W. 1869. 
This point we have supposed, by the geological-survey report, to be · 
about 4 feet above the mean_ surface of Lake Erie; hence the junction 
would be 21.90 above Lake Erie, or 594.98 feet above M. T. The eleva
:,ion of this point by the G. T. H . W. is 591.27, a discrepancy of 3.71 
:eet. From this, and from the ninth determination of elevation of Lake 
Michigan, it appears that there is an error of about 4 feet in the M. U. 
R. R. profile, in the difference of elevation in its termini. The length 
of this line is t.wo hundred and eighty-four mileR. 

Establishing the elevation of the Chicago directrix gives us the means 
of checking another very long line of levels, extending from M. T. at 
New Orleans to Chicago, a distance of nine hundred and sixty miles. 
The details of the line are as follows: 

41 G S 
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From mean tide at New Orleans to Chicago, by N. 0. J. 4' Gt. N. R. R., Miss. C. R. R., M. 4' 
T. R. R., M. &- L. R. R., N. <f ~- W. R R., H. W. slope of Mississ.ippi River fourteen miles, 
J.f. 4' 0. R. R., andill. C. R. R. . · 

ELEVATION OF MEMPHIS, TENN. 

Feet. Various datu:n-planes. 

Canton, Miss., by N. O.J. & Gt. N. R.R............. .. 240.00 Above M. T. New Orleans ...•....•.. 
Grenada, Miss., by Miss. U. R. R............ . . . . . . . . . . 56. 00 Below Canton .. . .................. . 
Memphis, L. W. in Mississippi River . . . . . . . . . . . . . . . . . 0. 00 Above Grenada .................... ·• 
Memphis, (supp!)sed to be depot,) by M. & T. R. R.... 75. 00 ...... do ............................ . 

~::~~i!: i~P~ :: ~ ~::: ~ ~:: ~:::::::::::: ~: ~::: ~: ~::::: ::::: ~:::: ~: ~:: ~:: ~ ~ ~ ~::: ~: ~:: ~ ~: ~ ~::: i~~: ~g 
Memphis City datum + 100 feet= H. W. previous to 41. 00 Below M. & T. R. R. d~ot. 218. 00 

1858, by city-engineer report. • 
Grand Junction, Tenn., by M. C. R. R....... .. .....•.. 334.44 Above Canton ..................... . 
Grand Junction...................................... 574.44 Above New Orleans, M. T. 574.44 
Memphis, by M. & C. R.R .....••••........... :....... 329.47 Below Grand Junction .... · ......... . 
Memphis, depot M. & C. R. R..................... ... . .......... ... ..... ... . ... . . . ......... 244.97 
Memphis, H. W. of railroad reports, 1844............ 25 00 Below M. & C. depot . . . . . . 219. 97 
Memphis City datum + 100 feet = H. W. previous to 27. 00 Below M. & C. depot . . . . . . 217. 97 

1858. 
(This city datum + 100 feet= H. W. is either the 

H. W. of 11:44 or of 1850; but they differed only 0.4 
foot. The elevation of this H. W. mark in several 
reports of the M. & C. R. R. is given as 220.44 
above tide in Mobile Bay. As the only records that 
I have of theM. & C. R. R. are above L. T., Mobile 
Bay, this 220.44 may be above L. T. In this case 
Memphis H. W. would be 218.74 above Mobile Bay 
M. T., but in either case the results from New Or
leans and Mobile differ very little,) 

Final results. 

Memphis H. W. previous to 1858, 100 feet above city- . . . . . . . • . . Above New Orleans M. T. 
datum. · 

218.00 

Do ............................................................. do .................. . 219.97 
217.97 Do ............................................................. do .................. . 

Mean of the above adopted result. 

Memphis H. W.100 feet above city-datum ...................... Above NewOrleaus,M. T. 218.65 
Memphis H. W.100 feet above city-datum............. 220.44 Above Mobile Bay . ................ . 

Do...................................... . ...... 218.74 Above Mobile Bay,M. T .......... .. 

MEMPHIS TO CHICAGO. 

Memphis, Tenn., City datum + 100 feet= H. W. pre
vious to 1858, by N. 0. J. & G. N., M. C., M. & T. 
R.Rs. 

McKenzie Junction, by M. &. L. R. R ..............•.. 

L. W. Mississippi River, Sept. 30, 1,858, at Hickman, Ky. 
H. W., 1858, at Columbus, by Humphreys and Abbot's 

report. 
(This makes the H. W. slope of the river, from Hick

man to "Memphis, 0.49 feet per mile, supposing the 
distance to be 190 miles.) 

H. W.1858, at Columbus, Ky., 14 miles up the Missis
sippi by slope of river. 

H. W. at Cairo, by preliminary survey for M. & 0. 
R.R. 

Chicago directrix, by chief engineer I. C. R. R.; Octo
ber, 1873. 

Feet. Various datum-planes. 

218. 6~ Above M. T. New Orleans ...•....•.. 

269. 56 Above city-datum of ........ .. 
Memphis + 100 feet = 
H.W. 

213. 00 Below McKenzie ................... . 
37.80 Above L. W.1858 ................ , .. 

7. 00 Above H. W. Hickman ............ . 

11.50 Above H. W.atColumbus .......... . 

258. 50 ·Above H. W. at Cairo .............. . 
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MEMPHIS TO CHICAGO-Continued. 

Feet. Various datum-planes. 

Chicago directrix ........ ..... . .. ................ ....... ........ Above M. T . New Orleans. 
From the figures gi1en above we have also Memphis, ...... : . . . Above New Orleans M. T. 

Tenn., H. W. = city datum + 100 feet. 
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590.01 
218.65 

Memphis, H. W. 1858 ...........•..................... 1. 00 Abo1e previous extreme ........•. 
H.W. 

Do ...... . ............••••.................... · ............ Above New Orleans M. T. 
Hickman, Ky., H. W. 1858 ..•............•.................................................. 
Columbus, Ky. , H. W.l858 ........ •......................... _ ............ , ................. . 
Cairo, H. W. 1858 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . ......... . . ........... . 
Cairo City datum=ordbary L. W............. ....... 40. 38 Below H. W. 1858 ........ . 

219.65 
313.01 
320. 01 
331.51 
291.13 

The adopted elevation ofthe Chicago directrix being 587.15, this line 
of levels, nine hundred and sixty miles long, reaches Chicago with an 
error of only 2.86 feet. The error of connection, due to using the H. W . 
slope of the Mississippi River for fourteen miles, would not probably 
exceed a foot or two. At Memphis, the line is checked to within 1.8 feet 
with the levels from Mobile Bay. At Columbus and at Cairo, the line 
is checked by the M. & 0. R. R.; but the only repoJts of this line \Vhich 
I can :find give the elevations as determined by an experimental survey, 
the results of which were reported to the second meeting of stockhold
ers, in 1850. The character of reconnaissance-surveys is such, and the 
results have proved so inaccurate when I have been able to compare 
them with the construction-levels, that I have not felt justified in giving 
the results of the M. & 0. R. R. preliminary survey to Columbus and 
Cairo any weight as compared with the profiles of constructed lines. It 
is, however, upon this preliminary survey that Humphreys and Abbot, 
in their Hydraulics of the Mississippi River, base their elevations of 
Saint Louis, Cairo and Columbus, and consequently their slope of the 
river from Cairo to Memphis. · 

RESULTS BY M. & 0. R. R., PRELIMINARY, COMPARED WITH ADOPTED LEVELS. 

Feet. Various datum-planes. 

H W. at Columbus, byM. & O.preliminary survey.... 308.50 AboveM.L.W.MobileBay ····-~·-·· 
M. T. Mobile Bay.................... . ......... ...... 1. 70 Above M. L. T ............ ; .•....... 
H. W. Columbus, by M. & 0. preliminary. .... ......... 306.80 Above M. T. Mobile Bay . . · 306.80 
H. W.1858, Columbus, by N. 0 . .J. & G. N., M. C., :M:. & 320.01 Above M. T. New Orlean~;. · 320.01 

T.,M.&L.', N.&N. W. R.R. . 
H. W. Cairo, by M. & 0. preliminary . . • . . . . . . . . . . . . . . . 320. ..c_\.bove L. T. Mobile Bay ............ . 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Above M. T. Mobile Bay.. 318. 30 
H. W. 1858, Cairo, by N. 0 . .J. & G. N., M. C., M. & T., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331. 51 

M.&L., N.&N. W.R.R. 

It will be seen further on that the elevation of the Cairo City datum, 
as brought from New Orleans, is within a foot of that brought from the 
Cleveland directrix, via Cincinnati and Indianapolis. In summing- up 
all evidence on the elevation of the Cairo City datum, on page 647, it 
will be shown why I reject the levels of theM. & 0. R. R. 

If we consider now the line from Portland to Chicago and from Chi
cago to New Orleans as one, we have a connected chain of railroad-levels 
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twenty-one hundred miles long, starting from mean tide at Portland, 
Me., and reaching New Orleans, La., with an error of -9.9 feet. 

If we join the N. Y. C. and L. S. & M. S. R. Rs. with the line. from 
Chicago to New Orleans, we have a connected chain of railroad-levels, 
eighteen hundred miles long, starting from mean tide in New York Bay 
and ending at mean tide New Orleans, with an error of only -2.44 feet. 

Using the Pa. R. R. and P. F. W. & C. R. R. for a through-connec
tion in the same way between mean tide Raritan Bay and New Orleans 
mean tide, a distance of about eighteen hundred miles, the levels reach 
New Orleans with an error of -4.61 feet. 

These results will give some idea of the accuracy of extended lines of 
railroad-levels when properly connected. 
ELEVATION OF CINCINNATI CITY B.ASE, WHICH IS STANDARD LOW WATER IN 

OHIO RIVER, 62. 50FEET BELOW H. W. 1832. 

Feet. Various datum-planes. 

First determination. 
L. W. Ohio River at Cincinnati, by Miami and Erie 133. 00 Below Lake Erie ................... . 

Canal. 
Mean surface of L ake Erie . ............... . .......... ; . . . .... .. . . . . ...... ........•... .. . .. . 573.08 
L. W. at Cincinnati... . ........ . .... .. ....... .. ..... . . . . . . ... .. . . . . . •. .. .. .... .• ...... •.•... 440. OS 

Second determination. 
Columbus, Ohio, by C. C. C. & I. R. R..... ... . . . . ... . . 167.33 .Above Cleveland directrix .......... . 
Cleveland directrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . ~. . . . . . . . . . . . . . . . . . . 575. 68 
Columbus, Ohio...................................................... . .......... . .......... 743.01 
L. W. in Ohio Rh·er at Cincinnati water-works, by 307. 58 Below Columbus depot ..•........... 
· Col. & X. and L. M. R. R. 
L. W. Cincinnati. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . • . . . . . . 435. 43 

Third determination. 
Columbus, Ohio, depot track, by C. C. C. & I. from . . . . • . . .. . . . . . . . . • . . . . . . . .. . . . • . . . . . .. 743. Ot 

Cleveland directrix . 
. .Athens, Ohio, junction of M. & C., by C. & H. V. R. R 96. 00 Below Columbus depot ............. . 
.Athens at junction of M. & C .. ..... .- . .. . .. . . ....•.. . ......... .... ........ . ..... ...... . ... 647.01 
L. W. at Cincinnati point, 62.5 feet below H. W.1832, 207. 00 Below .Athens ... ....•.. .. ..... ..... 

= city base, by M. & C. R. R. 
City baseL. W. Cincinnati ............................................ -~.. ............ ... .. 440. 01 

Fourth determination. 
Dayton, by D. & M. R. R.. ...... .. . . . . . .............. 180.00 .AboveLakeErieatToledo .......... . 
L. W. at Cincinnati, by C. H. & D. R.R... ............. 313.00 Below Dayton . .. . ..... .. . ......... . 

. Mean surface of Lake Erie............ ............... .... ...... ... . ... ...... ..... .. ... ..... 573.08 
L. W. Cincinnati.... . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440. 08 

Fifth determination. 
L. W. Ohio River at Parkersburgh, by report of a line . . . . . . . . . . .Above M. T. Baltimore .... 

of levels run from Cincinnati toParkersburgh, {not 
theM. & C. R. R.) 

L. W. in ?hio at Cincinnati, by same r eport . . . . . . . • . . . ............... do . ................. . 

Final resttlts. 
L. W. in Ohio River at Cincinnati, city directrix: 

(10) First determination ......................................................... .. .... .. 
{1) Seconrl determination ...... . . .. ........ ......... . ......... .......... ............... . 
(1) Third determination ............ . . : ....... ... ..... . ...... ..... ....... ........... ... . 

m ~ifi~~!~~:~t~~~~ .. :::: ~ ~ ~:: :::::: ::::::::: ~ :::::::::: :::::::::::::::: :::::::::::: 
~1~~t:Jt~e::A~~~~:: : ::: ::: :::::::::: ::::: ~: ::::::::: :::::: : :: : :::::::::::::::: ·: : ~:::::::: 
(The first determination is given a weight of {10) be- l 

cause it is a canal-line. The second and third de- · 
terminations are well checked at Columbus by the 

573.50 

440.00 

440.08 
435.43 
440. 01 
440.08 
440.00 
439.74 
439.74 

P. C. &. St. L. R. R. from Pittsburgh.) 
.Adopted elevation of Pittsburgh .. .. ...... . .. .. ... _ ...................... _ ........ _ ...... __ 746.00 
Columbus depot track, by P. C. & St. L. R. R.......... 3. 80 Below Pittsburgh .••................ 
Columbus depot track................................ . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . • . . . . • • . 742.20 



GARDN:ER.l GEOGRAPHY-ELEVATION OF DATUM-POINTS. 645 

This result differs but 0.8 feet from that by the C. C. C. & I. R. R. 
from Cleveland directrix. 

If we consider the depot track at Columbus, Ohio, as the point or 
junction of. two long, connected lines of levels from the sea, one being 
from New York by the Erie Canal, surface of Lake Erie, C. C. C. & I. R. 
R., and the other by the Pa. R. R. and the P. C. & St. L. R. R., we should 
have the elevation of Col urn bus by the former as 7 43.01 feet above the 
sea, and by the latter as 7 41.11 feet. The difference between the two 
is only 1.9 feet, though the shorter line of the two is over six hundred 
miles in length. 

ELEVATION OF INDIANAPOLIS. 

Feet. Various datum-planes. 

Cincinnati L. W., city-base ..............•..............................•................... 439.74 

First determination. 

Cambridge, by W. W. Val. R. R. ...... ...... .... .. . .. . 508.00 Above city-base ................ ... . 
Cam bridge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 947. 71 
Indianapolis union depot, by P. C. & St. L. R. R....... 227.00 Below Cambridge ... .. .............• 
Indianapolis union depot . ... .. . . . . .... .. . . . . . . .. . .. . ... . . . . .. . . ... .. .... .•....... ... . . . . . . 720.74 

Se.cond detm·minatinn. 

Indianapolis union depot, by I. C. & L. R. R . . . . . . . . . . 283. 01 Above point supposed to 

;_ciil5~a~: ~~cf~~~ If~ 
profile. 

Indianapolis union depot track ......•. -~- ................................................ . 722.75 

Third determination. 

City-datum of Fort Wayne, by report of city-engi- 196. 00 Above Lake Erie . . . . . . . . . 769. OS 
neer, who says it was· brought by canal. As this 
elevation of the city-datum is not from original 
canal-reports, I do not dare to accept it, and prefer 
the following, as previous results have shown the 
C. C. C. & I . and P. F. W. & C. to be so reliable. 

Crestline, by C. C. C. & I. R. R...... ...... ...... ...... 577.33 .Above Cleveland directrix ..........• 

]fort ':b~~~~- ~~~~-t-: ~~~~ ~~ ::::::: :::::~~:: :::::: :::::~ ~~g: gg ~~g:e g~~~~i~:d di"r"~t~i~·. :::::::::: 
Cleveland directrix............................ ....... . ... .. . . . . . .. . . . . .. . . . . .. . . . ... . . . . . . . 575.68 
Fort Wayne depot of P.F.W.& C.................................................... . .... 805.01 
City-datum, by city-engineer......................... 15. 31 Below P. F. W. & C. depot .......... . 
Fort Wayne, city-d:atum .. . .. .... .. . ....•.... ........ ...... .. . . ...... ... . .. ...... ....•.. ... 789.70 
Fort Wayne, F. W.J. & S. R.R. depot................ 8,1 Below city-datum ..................• 
Junction of F. W.M. & C. R.R....................... 6. 0 Above F. W.J. & S.depot .......... . 

Do . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . 787. 60 
Cambridge, by F. W. M. & C. R. R .... ... ............. 173.88 A.bovejunction ....... . ... -----· ... . 
Cambridge ............................................. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 961. 48 
Indianapolis union depot, by P. C. & St. L ....... : .... .' 227.00 Below Cambridge ....•.... . ..•..... , 
Indianapolis union depot ..............................•..• _... ... .. . ...•.. ...... .... .. . .. . 734.48 
(As it is not known that the depots at Fort Wayne, 

referred to by the railroad-protiles, are the same as 
those of the city-engineer's report, I do not feel cer
tain of the connections by this line. I, therefore, 
reject this determination, and use only the first and 
second in the final result.) 

Final results. 

Indianapolis union depot: 
First determination.............................. 720. 7'! ..................................... . 
Second determination............................ 722.75 .•.•....•....••.•.•.•••••............• 

Mean adopted............................ . ........... .. .... .... ...... ...... .. . . . ..... .•.... 721.15 
City-base Indianapolis is L. W. in White River....... 33. 08 Below union depot ................ . 
Indianapolis city-ba~e ....... __ . ....•• ....... .. .. .. . . . .......... . ...... . . ... ..•... ... .. . . . . . 688.67 



646 GEOLOGICAL SURVEY OF THE TERRITOR"rES~ 

ELEVATION OF THE SAINT LOUIS DIRECTRIX. 

I 

First determination. 

Feet. Various datum-planes. 

Indianapolis union depot track . . . . • • • • . • . . • . . • • . . • . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . • • . . . . . . . 721. 75 
Terre Haute, by '.f. H. and Ind. R. R .. .... .. ...•.. •••. 217.00 Below union depot Indian-

apolis. 
Terre Haute, T. H. & Ind. depot . . •• • • • .. .. .. . . . .. .. .. . .. .. . . . . . . . . . .. .. . . . . . .. . .. .. .. • .. .. . 504.175 
Terre Haute, H. W. in Wabash River .. . . . . . .. . . .. . .. 19.3 Below depot .................... .... . 

Do ..... ....... .................................................. ·..................... 485.45 
Terre Haute, river-bed Wabash River................ 50.8 Below depot ....................... . 

Do ............. ...... , ...................................................... :.. .. .. .. .. 453. 95 
Terre Haute, ordinary water Wabash River.......... .......... . ......... . ... .. ...... ...... 467.45 
Saint Louis directrix, by St. L. V. & T .. H. R. R........ 71. 60 Below Terre Haute depot .. ........ . 
Saint Louis directrix: . ................................................. . .................... 433.15 

Second determination. 

Indianapolis union depot . . . . . . . • • . . . . • • • • . • . • . . • . • • . . . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 721. 75 
Vincennes, by Ind. & V. R. R . . . . • • . . • • . . • . • . . . . . . • . . 287. 36 Below Indianapolis union 

depot. 
Vincennes...................... . .. .. . .. .. .. . .. .. . . . . . .. • • .. . . .. . . . . . . . .. . . . . .. . . .. . .. .. .. . . 434. 39 
Saint Louis directrix:, by C. & V. and St. L. & S. E. 3. 60 Below Vincennes .................. . 

. R.Rs. 
Saint Louis directrix: ... . ............................................................... .,.. . 430. 79 

Third determination. 

Cincinnati directrix ...... ~ ............... ... ......................... :..... .......... ...... 339.74 
Present depot of 0 . & M. R. R., by city-engineer...... 54.94 Above city-directrix ............... . 
Vincennes, by 0 . & M. R. R. report in 1857 . . . . . . . . . . . . 68. 00 Below 0. & M. Cincinnati •....... • . 
(It is not known whether the present depot is refeiTed depot. 

to in this old profile. If not the present one, it is 
probably the one at the north edge of the city, 
which is a few feet higher. Assuming it to be the 
same depot as at pPesent :) 

Vincennes ...... .. ............ ..... ... .............. ..... ..... . .......................... .. 
(On account of the uncertainty above mentioned, this 

result is not used, but merely introduced to show 

326.68 

how small the probable eiTor is of the elevations of 
Indianapolis, and Vincennes as determined through 
Indianapolis.) 

Fourth dete1-mination. 

Chica{l'o directrix:..................................... .. .. .. .. . . . .. . .. . .. . . . .. . .. . .. .. . . • .. . 587.15 
Effingham, by Ill. Cent. R. R., (Chicago branch,) re- 10. 50 Above Chicago directrix ...........• 

ported to me by chief engineer, October, 1873. 
Saint Louis directrix, by St. L. V. & T. H. R. R........ 170. 80 Below Effingham .. ~ .............. .. 
Saint Louis directrix: .......................... :. .. .. . .. .. .. . •. . . . . .. . . .. .. .. .. . .. .. .. . .. .. .. 426. 85 

Fifth determination. 

Chicago directrix. • .. . .. .. .. .. . . .. .. .. . . .. . .. . . .. . .. .. . • .. .. . .. . . . .. .. .. . . .. . . . . .. .. .. . .. .. . 587. 15 
Mendota, (Ill. C. R. R. crossing,) by C. B. & Q. R. R.... 169. 07 Above Chicago directrix: ....... ••.. • 
Vandalia, (exact crossing of St. L. V. & T. H. R. R.,) 249. 00 Below Mendota ................... .. 

by Ill. C. R. R. 
Saint Louis directrix:, by St. L. V. & T. H. R. R ....... · 83. 6 Below Va.ndalia. . ...... ..... ........ . 
Saint Louis directrix:. . . . .. .. . .. . . . . . . . .. . .. .. .. . . . . . . . .. . .. . .. . . . . . .. . . . . .. .. . . . .. . .. .. .. . . 423. 62 

Sixth determination. 

H. W.1858, eolumbus, Ky., by N. 0. J". &Gt. N., M. C., 
M. & T., M. & L.; N. & N. W. R. Rs. to Hickman, 
thence fourteen miles by river-slope. 

H. W. 1844, probably ............................ ·- •... 
Saint Louis directrix:, bv St. L. & I. M. R. R .. ~ ....... . 
{Belmont depot is certainly not below H. W. at Co-

lumbus, on the opposite side of the Mississippi 
River:) 

Hence by this route the Saint Louis directrix: could 
not be less than. 

Seventh determination. 

Memphis, H. W., city-base+ 100 feet .............. .. . 
.Argenta, (opposite Little Rock,) by M. & L. R. R. R .. . 

320.01 Above M. T. New Orleans . ...•.•.•.. 

319.11 ...... do ............................ . 
100. 3 Above end of track at .•.....•.• 

• Belmont. 

419.41 

218. 65 Above M. T. New Orleans .......... . 
86. 00 .Above city-datum + 100 ......... . 

feet. . 
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ELEVATION OF THE SAINT LOUIS DIRECTRIX--Continued. 

-+>•o 
£~:g 
~~~ 

.,... ~....,;t 

Feet. Various datum-planes. § S~ . 
. ~ ~ ~~ g;_g <.) 0 

iiil=..SO 

Argenta.... . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304. 65 
Saint Lollis directrix, by C. & F. and St. L. & Q. M. 119.00 Above Little Rock ................. . 

R.Rs. 
(Assuming that the tracks are same height on both 

sides of the river at Little Rock:) 
Saint Louis directrix .................................................. ,..................... . 423.65 

E·ighth determination. 

Cairo city-datum, ordinary L. W..................... 291. 13 Above New Orleans M. T .......... . 
Carmi, by C. & V. R. R. and city-eng-ineer............. 123. 70 Above Cairo city-datum ........... . 
Saint Louis directrix, by St. L. & S. E. R. R.... .. ...... 12.2 Above Carmi ...................... . 
Sai:pt Louis directrix................................. .. .. . .. .. . Above New Orleans M. T. 427. 1)3 

Ninth determinatio,n. 

Cairo H. W.,by M. & 0. R.'R., preliminary line....... 318.30. Above M. T. Mobile Bay .......... .. 
Saint Louis directrix, by C. & V. and St.. L. & S. E. R. Rs 93. 4 Above H. W. Cairo ................. . 
Saint Louis directrix . . . .. .. . . .. .. .. .. . . .. .. . . . .. .. . .. .. . . .. . . .. .. . . .. . . . . . . .. .. . . . .. .. .. .. . 411. 70 
Saint Louis directrix, by lll. Cent. to Vandalia, thence 96. 6 Above Cairo H. W ................. . 

by St. L. & T. H. R. Rs. 
Sainx Louis directrix................................. ....... ... ...... ...... ...... .......... 414.90 

Final results. 

Saint Louis directrix: 
(1) First determination........................... 433. 15 ................................ -.. --. 
(1) Second determination......................... 430.79 ........... · .......................... . 

Third determination ........................................................................ .. 
(1) Fourth determination......................... 426. 85 ................................ -- ... . 
(1) Fifth determination........................... 423.62 ............... . ................ -... .. 
(0) Sixth determination.......................... [419. 41] Abqve New Orleans M. T ......... .. 

~rJ ~~;~~~hd~~!;~~~~ft~~:::::~ :::::::::::::::::: rt~~: ggj ::::::~~: :::::::::::~::: ::: :::::::::: 
.(0) Ninth determination ......................... . { m~:~~1 }Above MobileM.T .............. .. 

Mean of five ......................................... · 428.29 ..................................... . 

Adopted results. 

Saint Louis directrix....................................................................... 428.29 
Saint Louis H. W.1844 ....... ...... ............ ... . .. ...... .... ............ .......... ...... 435.87 
Saint Louis H. W.1858 ............................... .......... ............ ............ . ... 431.57 
Saint Louis H. W.1851 .............................................................. ·....... 431.17 
Saint Louis L. W., extreme................................................................. 394.48 

I have rejected the sixth determination because of the uncertainty of 
the connection at Belmont, and the seventh from the uncertainty of the 
connection at Little Rock. The two results of the ninth are rejected 
because they are the results of a mere preliminary survey on a line about 
five hundred miles long. The remainder are given equal weight because 
Cincinnati and Chicago are about equally distant from Saint. Louis, and 
the connections equally good. The best result on the elevation of Saint 
Louis will be obtained when the C. A. & St. L. H. R. rerun their levels; 
their own engineer making the connection with the city-directrixes at. 
both termini. If these levels are run with care, the elevation of Saint 
Louis, as deduced by them from the Chicago directrix1 should, I think,. 
supersede the one I have adopted.· .The elevation of the Saint Louis. 
directrix, as given in H umpbreys and Abbot's Report on the Hydrau
lics of the Mississippi River, is 405 feet. The causes of t_heir error were 
the adoption of the elevation of Cairo H. W. above Mobile Bay, as de
termined by the preliminary line of the M. & 0. H. R., and of tbe eleva
tion of Saint Louis abo,Te Cairo, as reported by Gen. G. B. McOltllan. 
His report was based on a connection of the I. C. R. R., and the 0. & 
1\tl. R. R. This part of the 0. & M. R. R. profile cannot now be had. 
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His elevatiOn of Saint Louis directrix above H. W. Cairo is 82.9 feet. 
By connecting the Ill. Cent. with the St. L. V. & T. H. R. R. at Van
dalia, my result for the difference of elevation of these points is 96.6 
feet; by Ill. Cent. R. R. to Decatur, and T. W. & W. R. R. to Saint 
Louis, 96 feet; by Ill. Cent. to Effingham and St. L. V. & T. H. R. R. 
to Saint Louis, 98.2 feet; by C. & V. and St. L. & S. E. R. R.s, 93.4 feet; 
and by a preliminary survey for railroad from Saint Louis to Oa ro, 102 
feet. The mean of my four determinations by constructed lines, the 
preliminary-survey result of 102 feet being excluded, is 96.05 feet for 
the elevation of Saint Louis directrix above H. W. at Cairo. 
. I hope the evidence that I have presented will be cbnsidered as war
ranting this important change of 23.3 feet that I have made in the ele-
vation of Saint Louis and the fall of the Mississip_pi River.* · 

ELEVATION OF OMAHA. 

Feet. Various da.tum planes. 

First determination. 

Dubuque, Mississippi River, by a r~port from Mr. J'. 10. 00 Above Lake Michigan ........... ~ .. 
A . Lapham, Milwaukee. 

Dubuque, L. W. Mississippi River, by Galena & Chi. 13.00 ...... do ............................• 
R.R. 

Dubuque, adopted L. W.. . ... ... . .. ...... . .. ......... 12.00 ...... do ............................ . 

~~t,~~~ht,a~-~i~~i:~i~~iRi~e~-~ ~:::::~::::: :::::: :::::::::: ::::::::::::~~:: :::::::::::: ~~~: ~~ 
Sioux City, track ·on levee, by Ill. Cent. R. R., Iowa di- 52-2. 50 Above L. W. at Dubuque ........... . 

vision. 
Sioux City, track on levee............................ 534.20 Above Lake Michigan ............. . 

Do ............... ~ · .....•................ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 1, 123. 35 
Mo. Valley junct,ion with C. & N. W. R. R., by S.C. & 90.6 Below S.C. track on levee. . .......• 

P.R. R. 
Mo. Valley junction.................................. . . . . . .. . . . .. . . . . ... . . . . . . . ... ... ...•.. 1, 032.75 
Council Bluffs station, by C. &N. W. R. R .... •... . . . . . . 20. 00 Below M. V. junction ........ .. ...•. 

~~~:~~i~~~~~;~~~:~::: :::::: ::::::~:: :::::: ~:::::: ~::: ~~~ ~~ ~ :~~1~~:~~~-:j:~~~~~~~:::::~ . -~:-~~~~ ~~ 
Council Bluffs, Missouri River L. W., by t-wo other 31.00 Below M. V.junction .............. . 

reports of C. & N. W. R. R. 
. Council Bluffs, L. W. Missouri River.................. .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 001. 75 

Oheck uponjirst determination. 

Fremont, by S.C. & P.R. R.. ...........•. ......... ... 190.3 AboveM. V.junction ............. .. 
Fremont ...... _ .................. _....... . .......... . ...... .... ...... ...... ...... ........ .. I, 223.05 
Omaha, L. W. mark base of U. P., by U. P.R. R....... 236.00 Below Fremont. ................... ·. 

Do............................................. ...•.•. ... ...... ........ .. ...... ...... 987.05 

This latter result is evidently the correct one; for if L. W. was only 
11 feet below the Council Bluffs station, as is reported by the C. & N. 
W. R. R., then their station would be overflowed 8 feet in time of high 
water. By the careful leveling of the bridge-company at Omaha, the 
fiat alluvial regions on both sides of the Missouri l~iver were shown to 
be about twenty feet above L. W. Hence, I reject the report of low 
water by the C. & N. W. R. R., and by levels from Council Bluffs sta
tion across to the U. P.R. R. L. W. base at Omaha. The various old 
and new datums on the Council Blufl's side of the river cannot differ 
over 2 feet in height. 

*'Since the above was written, I have fonnd a report of the Saint Louis and Iron 
Mt. R. R. snrveys, signed by J. H. Morley, chief engineer, giving H. W. in Mississippi 
River, at Ohio City, opposite Cairo, as 97 feet below the Saint Louis directrix, and 
H. ,V., Mississippi River, New Madrid, as 126 feet below Saint Louis directrix:. 
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Feet. Various datum-planes. 

Omaha, L . W . base of U. P.R. R. surveys, by level- 21. 80 Below Council Bluffs sta-
ing of bridge-engineers. tion. 

Council Bluffs st-'l.t-ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . • . . . . . . . . . . . . . . . . 1, 01 ~- 72 
Omaha, L. W. base of U. P.R. R .......... ...... ...... .......... ...•... .....•....... ........ 99\.'.95 

Second determination. 

Council Bluffs station, by C. & N. W. R. R . . . . . . . . . . . . 420. 9 Above Lake Michigan ............. . 
Lake Michig-an mean surface. . . . . . . . . . . . . . . . . .. . . . . . . .. .. .. . . .. .. . . .. .. .. .. .. .. .. . .. . .. . . .. 589. 15 
Council Bluffs station .. . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. . . . .. .. .. .. . .. .. . .. .. .. .. . .. .. .. . 1, 010. 05 
Omaha, L. W. base of U. P.R. R .. .. .. .. .. .. .. .. .. .. .. 21. 80 Below Council Bluffs ............... . 

Do............... . .................................................................... 988.25 

Third determination. 

Rock Island depot track, by C. R.I. & P.R. R ........ . 
Rock Island depot track, by C . .B. & Q. to Monmouth, 

thence by R. R. I. & St. L . R. R. 
Rock Island depot track, by C. R.I. & P. to Peoria, 

and P. & R.I. R. R. 
(Assuming the <tbove as referring to mean surface of 

Lake Michigan, I adopt the mean with w eights 
as marked, givin~ much the gre'lter weight to the 
direct through-line.) 

Adopted result for Rock Island depot track ......... . 

(8) 20.00 
(1) 20.03 

(1) 22. 70 

20.47 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18. 47 
Do ...................................................... . 

Davenport depot track, corner of Fifth and Perry 23. 20 
streets, by line of levels run for United States 
Weather-llureau, 1872. 

Below Lake Michigan .............•. 
Below Chicago directrix . . . ........• 

Below Lake Michigan .............. . 

. 
Below mean, Lake Mich-

ig<tn. 
Below. Chicago directrix ........... . 
............................ 568.68 
Above Rock Ishnd depot ......... . 

track. 

Davenport, old depot track.......................... .. . .. .. . .. .. .. . .. . .. .. .. .. .. .. . . .. .. .. 591. 88' 
Davenport, L. W. datum of C. R.I. & P. and P. & S. 32.00 Below depot at Davenport .......... . 

W.R.R. 
Davenport, C. R. I. & P. R. R datum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 559. 88 
Council Bluff<! station-grounds........................ 432. 00 Above Davenport datum ........... . 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ........... . . :. . . . . . . . . . 991. 88 
Omaha, L. W. base of U. P.R. R ...... .... .. ......... . 21.80 Below Council Bluffs sta.- .......... · 

tion. 
Do································ ; ············ ..................................... . 970. 08 

Fourth determination. 

Burlington, L. W. datum of B. & M. R. R., by ·c. B. & 75. _26 Below Chicago diroctrix .......•..•. 
Q. R. R. 

Burlington L. W., B. &. M. R. R. datum . ............... .. .. . • .. .. .. .. .. .. .. .. . .. .. .. .. . .. .. .. 511. 89 
East Pla.ttsmouth, H. \V. Missouri River.............. 438. 30 Above datum at Burlington ........ .. 
East Plattsmouth, L. W. Missouri River .. .. .. .. . .. . .. 421. 30 ...... do ........................... .. 
East Plattsmouth, R. W. Missouri River .. . .. .. .. .. . .. . .. .. .. . .. .. .. .. .. . .. .. .. .. .. .. .. .. . .. 950. 19 
East Plattsmouth, L. W. Missouri River, by B. & M. ........ .. . . ... .... ... ...... ...... .. . . 933.19 

R.R. 
Kearney junction, by B. & M. and P.R. Rs ... .. . .. . .. 1, 629.00 Above L. W. datum at ........ .. 

Burlington. 
Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 140. 89 

Omaha, L. W. base of U. P . R. R., by U. P. R. R .. .. .. . 1, 179. 00 Below Kc:trney junction ........... . 
Omaha, L. W. base of U. P.R. R . .. ... .... .. ... . .•.••. .......... . . ... ... .. ..... . . ... . . . ... .. 961.89 

Fifth determination. 

Moberly, by St. L. K. C. & N. R. R ........ ......... ... 454.37 Above Saint Louis direct- ......... . 
rix. 

Saint Louis directrix............... .••. .... .. . . .. . . .. . . .. ... . . . .... . . . .. . . . .... .. . . . . . . .. . . 428.29 
Hannibal H. W. 1851. ................................. i 397. 50 Below Moberly .................... . 

Do............................................. 56.87 Above Saint Louis direct- ......... . 
rix. 

Do . . .. . .. . .. . . .. . . . . .. . .. .. . .. . • . .. . .. . . . • .. . .. .. .. .. .. .. . . .. .. .. .. .. .. .. . .. .. . .. . . . . 48!>. 11i 
Quincy, L. W.1854, by C. B. & Q. R. R .. ........ .... .. 114.76 Below Chicago directrix .......... .. 

~~~n;ib'ar·ri: -J~~~5i, · b':i · 5i0i>~ · ~t: · ~i~"e~- at· -o~~:b.ai! · 9~: g5 · :B~io"~0Q~i-~~:V · :H: -w · :::::: :::::::::: 
foot per mile. 

HannilJal, H. W.1851 ...•...•.•.. .•........•••. .•..... 10~ 04 Below Chicago directrix .........••. 
Do . .. .. .. .. .. .. .. .. . . . . . . .. . . .. .. .. .. . . .. .. .. .. . .. . . .. . . . . .. . .. . .. . . . .. . . . . . . . . .. . . .. 485. 11 

Saint Joseph, H. W. Missouri River, by H. & St. J. 335.00 Above H. W. Hannibal. ............ . 
R.R. 

Do ...................................................... . ,...... .•••••. ...... ... ...... 820.11 
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Feet. Various da,tum-planea. 

--------------------------------------·l---~l-------------------- 1-------

Kearney junction , by St. J. & D. R. R ................. 1, 343.00 Above H. W. at Saint Joe .......... . 
Kearney ,junction ... . . . .. . .................... .. ...... .. . . ....................... ·. . ... .. . .. . 2, 163, 11 
Omaha, L. W. base of U. P. R. R.......... . . . . . . . . . . . . 1, 179. 00 Below Kearney junction . . . " .... ... . 

Do.. . ................................................................................ 984.11 

Final results. 

L. W. base of U. P.R. R. at Omaha: 
(2) First determination . ......•...•...•.....•••.• . 
(3) Recond determination ....................... .. 
(3) Third determination .................... . .... . 
(2) Fourth determill'l.tion .......... · ....•......... . 

(1) Fifth determination ..•....••.•............ . ... 

Mean with weights ............. . .................. .. 

Adopted result. 

987.05 
988.25 
970. 08 
961.89 

984.11 

977.90 

By S.C. &. P., by Fremont .. ........ . 

~~ 8:::. f.·~-~-~~:::::: :::::::::: 
B.v B. &. M. and U:· P. from ......... . 

K earney Junctwn. 
By Saint J oe and U . P. from 

'Kearney Junction. 

L. W . base ofU. P . R. R. at Omaha.................... ...... .... ...... ............ .... ... .. . 977.90 
(The old 966-foot point given as Omaha on the pub-

lished profiles of the U. P.R. R., was a stone stand-
ing upon the bank of the river. It is now washed 
away.) . 

Stone on river-bank called 966 feet .above sea.......... 20.00 Above L. W. base ................. .. 
Do . ...... . . ... . . .. . . .. .... . .... . . . . . . . ...... . . .... . ... . . .... . .. . . ... ..... . ......... . 997. 9C 

Present depot-grounds on main line U. P.R. R....... . 82. 50 Above L. W . base........ . 1, 060. 40 . 
From this dPtermination of Omaha, it seems that 31.9 feet must be 

.a.dded to all the elevations of the U. P.R. R. to give the true height 
above the sea ; but the range among the results is so large that the 
leveling across Iowa must be very poor as compared with that of the 
lines east of the Mississippi River. 

Omaha cannot be considered as well determined as Kansas. City; but 
this mean of five level-lines is much more probable than the old deter
mination, which rested on barometric observations. 

ELEVATION OF KANSAS CITY. 

Feet. Various datum-planes. 

First determination. 

KansasCity,H.W.1844, markonabutmentofrailroad· 342.00 Ab?ve Saint Louis dire~t- ........ .. 
bridg~, by Mo. P. R. R., r eported to me by general rlX. 
supermtendent, Mr. Talmadge, October, 1873. 

Saint Louis directrix . . .. . ................ . . . .. . ........................ _............... . . .. 42~. 29 
Kans&,s City, H. W. mark 1844 ............................... _.. .. .. .. .. .. .. .. .. .. .... . .. . .. 770. 29 

Second determination. 

Junction of St. L. K. C. & N. R. R. and H. & St. J., 
by St. L. K. C. & N. R. R. 

Kansas City, H. W. mark 1844, by line of levels run 
for us by city-engineer. 

Kansas City; H. W. mark 1644 ....................... . 

325. 88 Above Saint Louis direct
rix. 

18. 54 Above j.nnction ................... .. 

344.42 Above Saint Louis direct- ......... . 
rix. 

Do ............................................. --~------- ........................... . 772. 71 

' . 
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Feet. Various datum-planes. 

Third determination. 

Quincy, H. W.l851, by C. B. & Q. R. R ...... .......... 94.04 Below Chicago directrix ........... . 
Quincy, H. W. 1851 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493. 11 
Hannibal, H. W. by slope of river one-half foot per ·8. 00 Below Quincy H. W ............... .. 

mile. 
Hannibal, H. W. 1851 . .. . .. . . . .. . .. .. • .. .. .. . . . . .. .. .. . . . . . .. .. . . .. . . . .. .. . . . . . . . . .. . . . . .. .. 485. 11 
Kansas City, by H. & St. J. R. R...................... 375. 00 Above Hannibal H. W. . ....... .. 

1851. 
Kansas City .............•.....•...•................•.............. ·. . . . . . . . . . . . . . . . . . . . . . . . . 760. 11 
Kansas City, H. W. 1844 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 25 Above old St. J. R. R. depot ......... . 

Do................................................................................... 771.36 

Fourth determination. 

Davenport, C. R. I. & P. R. R. datum.. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 559. 88 
Leavenworth railroad-bridge, by C. R.I. & P.R. R., 271.00 Above Davenport datum .......... .. 

southwest division. 
Leavenworth railroad-bridge track................... . ......... .... .. ............... .... ... 830.88 
Bridge over l!'ive-Mile Creek, Leavenworth, by special 56.21 Below track of railroad- ......... . 

levels run by city-engineer. bridge. 
Bridgf> over Five-Mile Creek, track of L. & L. R. R ........ ·..... .. .. .. .. .. . .. .. . .. .. .. .. .. .. 774. 67 
Junction of the L. & L. branch with K. P.R. R., main 49. 00 Above Five-Mile Creek ....•......•• 

ilia · 
Junction L. &. L. and K. P.R. Rs.. ... ...... .......... . ...... . . . . ... ........ .......... ....•. 823.67 
Kansas City track at State line....................... 68.00 Below L. & L.junction ............. . 

Do................................................................................... 755.67 
KansasCity,H.W.1844 .............................. 7.25 AboveKP.trackatState ........ .. 

line. 
Do ...................................................... . ........................... . 762. 9'2 

Final results. 

Kansas. City, H. W. 1844, marked on abutment of rail-
road-bridge: 

(5) First determination ......................... .. 
(5) Second determination ........................ . 
(1) Third determination .................. . ...... . 
(1) Fourth determination ....................... .. 

770. 29 By Mo. P.R. R .................... .. 
772. 71 By .St. L. K. C. & N. R. R .......... .. 
771. 36 By H. & St. J. R. R .............•..•• 
762. 92 By C. R. I. & P., south- ......... . 

western division. 
Mean with weights ................................... . 770.77 

Adopted result. 

Kansas City, H. W. 1844 . .. . . . .. .. .. . . .. . • .. . .. . .. . . .. .. .. . • . .. . .. .. . .. • .. . • .. .... . .. . .. . . . . . 770 77 

I have given the greaterweights to the first and second determinations, 
which come directly from S3.int Louis directrix, each one being a contin
uous line, run under the direction of one company. The old elevation 
for Kansas Cit:v H. W. 1844 was 655.51. This determination was re
ported by Mr. b. Chanute, chief engineer K. C. bridge, to Mr. E. C. 
Smead, chief engineer of the K. P. R. R., July 14, 1870, and has been 
used not only by the K. P.R. R. but by all the other lines diverging 
from Kansas City. The altitudes above sea given by all these lines 
need therefore to be increased about 115 feet. The cause of Mr. Chan
ute's main error was due to a false report of the profile of the Mo. P.R. 
R. height of H. vV. 1844, K. C. above the Saint Louis directrix. He
gives this height as 252.51 feet, when it should have been 352.51, which 
was the old result from computing their levels. I have four reports from 
this railroad, including Mr. Chanute's. The report given me personally 
by Mr. Talmadge, chief engineer and general superintendent, in October, 
1873, gives 342 feet ; another report, by the same gentleman, 351 feet; a 

· report by Mr. E. Miller, 342.35 feet; and Mr. Chanute's report, 252.51 
feet. I think the evidence conclusive that the report of 252.51 feet, here-
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tofore relied on for this difference of elevation, was intended for 352.51, 
but altered in copying. The remainder of the error was due to assum
ing the old elevation of the Saint Louis directrix. 

ELEVATION Ol!' DENVER, COLO. 

Feet. Various datum-planes. 

First determination. 

State-line, eastern terminus of K. P .R. R. track....... 7. 25 Below H. W . 1844, Kansas 
. City. 

Kansas City, H. W. 1844 ..... . .......................... __ .: . .. . .. .. . . .. .. .. .. .. .. .. .. .. .. . . 770. 77 
State-line, K. P.R. R. track . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 763. 52 
Denver .i unction of K. P. & D.P. R. R., by K. P.R. R .. .4, 448. 70 Above State-line ... .... ............ . 
Denver junction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 212. 2'~ 
Denver, D.P. & K. P.R. R. depot track, by D. P. profile. 13. ~5 Below junction .................... . 
Denver, D.P. & K. P. passenger-depot track .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. .. . . . .. .. .. . 5, 198. 97 

Second determi,nation. 

Cheyenne, U. P. depot track, by U. P.R. Jl-.......... . 5, 095. 00 Above Omaha U. P.R. R., ......... . 
L. W.datum. 

Omaha, U. P. L. W. datum. ... .............. .. ... . ... . . ...... .. . ..... . ........ ............. . 977.90 
Cheyenne, U. P . R. R. depot track ....... __ .............. ____ ...... __ .. __ .. .. . . .. .. .. . . .. . .. . 6, 072. 90 
Denver, D.P. & K. 1'. R. R. depot, by D. P.R. R........ 878. 70 Below Cheyenne ................... . 
D enver, K. P. & D.P. R. R. passenger-depot t.rack ..... __ ...... __ .. __ ......... . .... . ........ . 5, 194. 20 

Third determinati,on. 

Construction-sb .tion 3985, ncar Pine Bluff, on U. P.R. 4, 113. 00 Above Omaha L . W. datum ... ... . . . . 
R., by U. P.R. R. 

Station 3985 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 090. 90 
Denver, D.P. depot, by a "D.P. R. R. preliminary..... 101. 45 Above station 3995 U. P. . .. .... .. . 

R.R. 
Denver, D. P. depot. . . . . .. . .. . .. .. .. . . .. .. .. . . .. .. .. .. .. .. .. . . . . . . . . .. . .. . .. .. . . . .. . . . . . .. . . 5, 192. 35 

Final results . 

. (1) First determina.tion. . .. . . .. .. .. .. .. . .. .. . .. .. .. . .. 5
5

,, 11~. 8
4

._ 
2
9
0
7 BByy UK .. PP .. RR.- 1~. ·&--D ... ·p· ·-__ · _· _· _· _· ·.: : : : : •• : : ·_ • 

(1) Second determination .. .. .. . .. .. . .. .. .. .. .. .. .. . .. " . 
({}) Third dE" termination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 192. 35 By D.P. preliminary ............... . 
Mean with weights .... ......... ... ........... .. ...... 5, 196.58 .................................... .. 

Adopted result: 

Denver, D.P. & K. P.R. R. passenger-depot track..... .. .. .. .. .. .. . . .. . .. .. .. .. .. .. .. .. .. . .. 5, 196. 58 
Difference from the mean, by K. P:R. R .... .. . . . .. ... + 2. 39 .. .............. . ...... . .... . . ....... . 
Difference by U. P.R. R...... ... . .. .... . . ... ... . .. . . . - 2. 38 ........... ....... ... ........ ..... ... . 

The third determination is given no weight as against the construction
levels of the same railroad. Such a close agreement between the U. P. and 
K.P.lines was not to be expected when we realizethatforthe last thousand 
miles they are really independent, one being from Chicago, by way of 
Saint Louis and Kansas City, and the other by way of Omaha and 
Cheyenne. Though Denver is two thousand miles from the sea, this 
determination of its elevation is probably very close to the result that 
would be obtained by the most accurate line of levels run across the 
country for scientific purposes; but a considerable error must pertain 
to all results from the effect of the mass of the Rocky Mountains in de
flecting the level from a truly horizontal position. We cannot tell how 
much this error is until a most accurate geodetic belt is completed from 
the Atlantic to the Rocky Mountains, and then, knowing the station
errors or the deflection of the plumb-line along the belt, we may correct 
the leveling proportionally. As this cannot be done for many years, 
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the elevation of Denver, as here determined, will be made the base for 
our hypsometric surveys in the Rocky Mountains. 

ELEVATION OF CHEYENNE. 

Feet. Vo;rious datum-planes. 

ELEVATION OF GOLDEN DIRECTRIX. 

Golden directrix, by C. C. R. r..... .. .... .. ...... ...... 519.9 A~~:: D~~!~r.y junction 

South Y at junction, by D.P. R. R .... . .. .. .. . .. ...... 12.5 Above Denver depot .' .............. . 
Golden directrix..................................... . 532.4 ...... do ..... .............. ......... . 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 728. 98 

ELEVATION OF OGDEN, UTAH. 

Cheyenne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 075. 28 
Ogden depot, by U. P.R. R . .. .. .. .. .. .. .. .. .. .. .. .. .. 1, 749. 00 Below Cheyenne ................... . 
Ogden ...... .. .... . ... .... ............... ........ ~... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 326. 28 

Second dete1·mination. 

Ogden depot, by C. P. R.R ...... , ..... ...... ...... .... 4,301 Above Pacific Ocean .............. .. 
Ogden.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... . J.- . • • • • • • • • • • • • • • 4, 301. 00 

Final result. 

(1) First determination.. ............... .... .......... 4, ~26. 2S By U . P.R. R .. . . ......... .. . .....•. 
(10) Second determination........................... . 4, :lOL 00 By C.P.R. R ................ ....... . 
Mean with weights . .. .. .. .. . .. . .. .. .. .. .. .. .. .. .. . . .. 4, 303. 3 ........... ... ...................... .. 

Adopted result. 

Ogden depot track .............. , ................. .. .... •... . . . . . .......................... . 4,303. 3 

The result by the Central Pacific of California is given much the 
greater weight., because it is a continuous line of levels run by one rail
road-company, the same chief engineer, J'l:fr. S. S. J_\iontague, superintend
ing the running of all the lines and the making-up of preliminary and 
final profiles. The length, also, of this line is only about one-third of that 
from the Atlantic Ocean. 

If we consider these lines as one long chain of levels from the Atlantic 
to the Pacific, we have connected railroad-levels extending not less than 
thirty-five hundred miles, and reaching the Pacific Ocean with an error 
of 25 feet. If we form a continuous line of levels by joining those of the 
Pa., P. F. W. & C., C. R.I. & P., U. P., and C.P.R. R.s, they reach the 
Pacific with an error of +13 feet. 

If a chain is formed b.Y putting together the lines from New Orleans 
to Cairo; thence by I. l\f. R. R. to Saint Louis; thence by Mo. P., K. P., . 
D. P., U. P., and C. P. R. R.s, the line is thirty-two hundred miles long, 
and reaches the Pacific Ocean with an error of +26 feet. In this chain, 
the levels of eleven different railroads are connected 
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ELEVATION OF COLORADO SPRINGS. 

Feet. Various datum-planes. 

(Denver depot. of D. & R. G. R. W. track. is reported 
to• be one foot above D.P. R. R. track. This mtty 
be in error 0.2 foot. The following :figures are taken 
from the official profile in use at the D. & R. G. R. R. 
company's office.) 

Denver, K. P. depot ..... 1 •••••• - ----- - ••••••••• ••• •••• • 5, 142.6 ..•.....••.....••........•...•...•..•. 
Dllnver depot D. & R. G.R. R ........ ................. 5, 143.6 ...... ···············-----·' ......... . 
Colorado Springs depot.............................. 5. 931. 6 . ........... ...•. ...... ..........•••.• 
Colora.do Springs..................................... 789.0 AboveDenverK. P. depot .......... . 

~;ro;:d.·o ~i>;'in~s~e~~~~~-~~:::::::: ~::::::::: ::::: ::: :::::: : :: : :::::::::::: :::::::::::::::: ~; ~~~: ~ 
Colorado Springs Hotel floor, by report of Mr. E. S. 826. 67 Above Denver K P. depot .......... . 

Nettleton, C. E. 
Colorado Springs Hotel floor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 023. l5 
Rock basin of Manitou Spring, by levels from mil- 1, 153. 32 Above Denver K. P. depot .......... -. 

road-bench, by E. S. Nettleton, C. E. 
l:?.ock basin of Manitou Spring....................... .. . .. . . . . . ......•.................... , 6, 296.92 

ELEVATION OF PIKE'S PEAK. 

I am greatly indebted to 1\fr. E. S. Nettleton, civil engineer, for are
port dated June 29, 1874, of a line of levels which 'he has just run from 
a D. & H. G. R. W. bench at Colorado Springs to the exact summit of 
Pike's Peak. The line was run on the request of Gen. Albert J. Meyer, 
Chief Signal-Officer, U.S. A., and at the expense of the War Depart
ment, for determining the elevation of the United States Signal-Office 
meteorological station, which is situated on the summit of the peak. 

Feet. Various datum-planes. 

Exact highest rock on Pike's Peak ...••.• ... ..•..•... s, 950,1 AboveDenverK P. depot ... . .. .... . 
Do ............................. - ~ ._ .........................•.•.....••............... 14,146.68 

ELEVATION OF MOUNT LINCOLN AND FAIRPLAY. 

The D. & S. P.R. R. having run a line of levels for the final location 
of their railroad up to Fairplay, we secured the services of their engi
neer to continue the line to the summit of Mount Lincoln, at the expense 
of our survey. The object of this was to determine the exact elevation 
of our barometric station situated near the top of the peak. The fol
lowing are the results of this line of railroad levels:_ 
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Feet. Various d;ttum-planes. 

Denver (D. P. & K. P.) depot . ........................ . ... .. . . . . .••... .•.... ...... .... .. . . . . 5, 196.58 
Door-sill of Sentinel office Fairplay . . . . • . . . . . . . . . . . . . . 4, 767. 91 Above Denver depot ..... , ......... . 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . • . • . . . . . . . . . . . . . . . . . . . . . . 9, 964. 49 
Cistern of Mount Lincoln barometer . ................ 8, 991. 05 Above Denver depot . . .......•.. .' ... 

Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 187. 63 
Summit of Mount Lincoln. ............... .. . . ........ 9, 100. 08 Above Denver depot ............... . 

Do ........ • ................... . .....................•.....•...••••...•....... . .. . ... . 14,296.66 

ELEVATION OF POINTS ON THE OHIO RIV"ER. 

Pittsburgh, union depot track............. . .......... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 746.00 
Pittsburgh, L. W. city-datum......................... 46. 80 Below Union depot track ..........• 

Do . ..... . ... . ............•......•........ . .............................. ~ .. . . • . • . . . . . 699. 20 
Pittsburgh, H. W. 1852.................... •. . • . . . . . • . . . .. . • • . • • . . .• • • . •.• • •• . . • . . •. • . . . •. • . . 729. 88 
Pittsburgh, H. W. 1832............. . . . ........ . . . ..... . • . . • •. • . . . •• • • • • • . . •• . • • . . . •• •• . . • . . . 732.95 
(These data ~tre from report of city engineer, M<JJ"ch 
. 15, 1871.) . 
Steubenville P. C. & St. L. R. R. depot tmck, by P. 14.74 Below Pittsburgh depot ..........••• 
• C.&St.L.R. R. 
Steubenville depot, P. C. & St. L. R. R .. ............... . . . .. .. . . . .. .. . . . . . . . . . .. . . .. . . . . . •• . . 731. 26 
Steubenville, L. W. in Ohio, by old P. & S. R. R. ...... 68.43 Below L. W. in Ohio at ......... . 

' Pittsburgh. 
Steubenville, L . W. in Ohio . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . .. .. .. . . . . . . . . . . 630. 77 
Steubenville, about H. W . 1852, by C. & P.R. R....... 103. 55 Above Clevel:md directrix ......... . 

Do . ....... . ...................... . .... . ...... . . . . . . ...... . . . . .. . ..... . .. . .. . ......... 679.23 
Bridgeport, alJout H. W. 1852, by C. & P.R. R . .. .. .. 96.55 Above Clevela.nd directrix ........ .. 
Bridgeport, about H . W. 1852 . .. .. . . . • . . . . . .. . .. . . . . .. . . • • . • . . . . . . . .. . . . . . .. . .. . . . . .. . . .. . • . 672. 23 
(Bridgeport is opposite Wheeling.) • 
Bellaire, 5 miles below Bridgeport, about H. W. 1852, 84. 55 Above Cleveland directrix .•.......• 

by C. & P . R. R. 
Do .. ........... . ........ . ........ ~ .. . . . . . .. . . .. . . .. • . .. .. .. . . . . .. • .. . . . .. • .. . .. . .. . . . 660. 00 

Wheeling, H. W. February 1832, by B. & 0. R. R. . . .. .. . .. . • . .. . .. • . . • . . . . . .. . .. . .. . . .. . . . . [637. 00] 
By the same report the channelis given n.t .. . .. . . .. . . . . • .. .. . .. .. . .. • . • . • . . . .. . .. . . .. . •• . .. [588. 00] 
(These B. & 0 . R. R. results are considered too low, 

as they give an improbable fall to the Ohio from 
Steubenville. '£he L . W. fall from Pittsburgh to 
Steubenville is known b.v the P. & S. R. R. survey to 
be about one foot per mile. The report of the C. & 
P. R. R. for Bellaire seems to give the most probable 
result. From Steubenville to Bellaire the distance 
by river is <tbout twenty-eight miles, therefore L. 
W. at Bellaire, giving the maximum probable f:tll 
one foot per mile.) 

Bellaire, L . W. about...... . .. .. . .. .. . . . . . .. . . . . . .. . .. 60. 3 Above sea ......................... . 
Bellaire, H . W. about.................. . ............. 65.1 ...... do ..... . .. . .. .. ............... . 
Bellaire, about H. W. 1852, by roport of C. & P . R. R .. 84. 55 Above Cleveland directrix ........ .. 
Bellaire, n.bout H. W. 1852........ .. . ... .. .... .. .... .. ...... . ... .• • ••• ...... ..... ....••.. ... 660.00 
(This r esult is about what it should be, for it is not 

probable that the fall here is one foot per mile. If 
the B. & 0. R. R. result was true, it would give tho 
river a fall of 42 feet in 23 miles. I therefore con
sider it most probable that Wheeling H. W. 1852 is 
about 663 feet , and the B. & 0. R. R. report of 637 
for H. W. 1832 is some thirty feet too low.) 

Parkersburgh, by several r eports of B. & 0. R. R. , 523. 7 Above M. T., Baltimore ....•.•••..•• 
point not given. 

B:v the r eport of the engineers running the line from 573. 00 ...... do ............................ . 
Parkers burgh to Cincinn:t•.i, the B. & 0. Parkers· 
burgh L. W. 

(I accept the latter, because it accords best with' the 
next check at Point Pleasant, about seventy miles 
down the river.) . 

Parkers burgh, L. W. in Ohio . .. . .. . .. .. . .. . . .. . .. . . . . .. .. .. .. . . .. .. .. . .. . .. . .. . •. .. . .. . . .. . 573. 00 
Point Pleasant, v ery L.W.at mouth of Great Ka- 522.00 Abo>feM.T .,Richmond,Va ......... .. 

nawha. 
By two lines of levels agreeing within a foot .. . .. . ......•...........•........... , . . . . . . . . . . 522. 00 
Portsmouth, Ohio, L. W. in Ohio River, by C. & X. 94.00 Below L. Erie .. . .... .. ............. . 

R. R. r eport. 
Portsmouth, L. W .. .... , ................................................. , .. . . • . . • . • . . • . • . • 479. 00 
Cincinnati, L. W. city base . ....................................... ·... ....... ... .. .... ...... 439.74 
Indianapolis, union depot track..... . ................. 721. 75 Above M. T ... . .................... . 
Greencastle junction, by T. H. & I. R. R .. .• .. .. .. .• . • 56. 00 Above Union depot, Indi- ......... . 

ana polis. 
NewAlbany,passengerdepot........................ 321i.OO . Below_Greencastle~-······ . ·~·~··...!~·· 
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Feet. Various datum-planes. 

New Albany, L. W. in Ohio River, by L. N. A. & C. 398.00 Below Greencast.le ................. .. 
R.R. 

~:\! :!:}~:~~: r~;:~fe[8~~y~toh·i~·iii;e~: :::::::::::: :::::::::: ::::::::::::::::: :·:::::::::: 
(This was not one of the years of lowest water, but 

451.75 
379.75 

it was probably about four feet above it.) 
Louisville, L. W. . . . . . • • . . . . . . . . . . . . • • • . . • . • • • . • . . • • . . 24. 00 Above New Albany, L. W .......... . 
Louisville, L. W. 1857.... . .... . ....................... . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 403. 75 
Evansville, L. W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81. 00 Below Vincennes ................•.. 
Evansville rail, by E. & C. V. R. R .. .. .. .. .. .. .. .. . .. 36. 00 ...... do ........................... .. 
Vincennes ......... ........ : .......................... 434. 39 Above M. T .. ..................... .. 
Evansville, L. W. Ohio River .. .. .. .. .. .. • • • .. . .. .. . .. .. . .. .. . .. . .. .. .. . .. .. .. .. . .. .. .. .. . 353. 39 
Evansville, depot rail............................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 398. 39 
Evansville, H. W. 1847...................... . . . . . . . . . . 334. 54 Below Union depot track .......... . 
By survey for E. & I. R. R., H. W. 1847............... .. .. .. .. .. .. .. . . . . . .. .. . .. .. .. . .. . .. .. 387. 22 
Evansville Railroad' track, by St. L. & S. E. R. R...... 35.2 BelowSaintLouisdirectrix .......... 
Evansville R~lroad track .. .. • . .. . .. . .. .. .. . . . . . . .. .. .. .. . . . . . . . .. . . . .. .. . . .. .. .. . . .. . . . . . . 393. 08 
Evansville, L. W . .. • . . . . . .. . . . .. . .. .. .. .. .. . . . . . .. . .. .. .. . . . . . . .. . .. . .. .. . . . . . . . . .. . . . . . .. . 348. 08 

ELEVATION OF CAIRO. 

First determination. 

Cairo, I. C. R. R. track on levee, by C. & V. R. R • . • . . . 96. 5 Below Vincennes ...•............... 
Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337. 89 

Cairo, H . W. Ohio lUYer, by C. & V. R. R............ 97. 00 Below Vincennes .................. . 
Do....................................................... . ........................... 337.39 

Cairo city-base, by engineer in charge of levees ...... · • 43. 00 BelowJllinoisCentral track ......... . 
Cairo city-base, ordinary L. W .................................... : .. .. . .. .. .. .. .. .. .. .. .. . 294. 89 

Second determination. 

Cairo, H. W. Ohio River, by mean of four routes, 96.05 .Below Saint Louis directrix ......... . 
· (see discussion of change in Saint Louis directrix, 

p.-) 
Ca.iro, H. W. Ohio River.............................. .. • .. .. .. . .. .. .. .. . .. . .. .. .. .. .. .. .. .. 332. 24 
Cairo city-base....................... .. .. .. .. .. •• .. .. , 41. 00 Belowmea.n ofhighestfioods ......... . 

Do · ......................................... :.. ......... .. ............................ 291.24 

Third Determination. 

Cairo, H. W.1858 in Ohio River ................................. AboveM. T. NewOrle~tns. 
Cairo city-base ........................................................................... .. 

Fourth determination. 

331.51 
291.13 

Cairo, H. W. Ohio River...... . . . . . . .. • •• . . . • . . . . . . . . 258. 50 Below Chicago directrix .......... .. 
Do................................................................................... 328.65 

Cairo, city-base....................................... ...... .... .................. .... ...... 287.65 

Final results. 

Cairo _city base: . . , 
First determmatwn .. .. .. .. .. .. .. .. .. .. . .. .. .. . .. 294. 89 By Cincinnati. ........ .......... .. .. 
Second determination............................ 291.24 By SaintLouis .................... .. 
Third determination................. . ............ 291. 13 By New Orleans ................... . 

. . Fourth determination .. .. . .. .. .. .. . .. .. .. .. . .. . .. 287. 65 By Chicago ....................... .. 
Mean ... ~. ... .... ............................. ... . 291. 23 . ... .......•..••............... •... ... 

Adopted result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291. 23 
(By report of engineer in charge of levee construction,) · · 
Ca.iro, extreme L. \V. October 15, 1871................. 11. 91 Below city.baso ................... .. 
Cairo, ordinary L. W....... . .. . .. . .. . .. . . .. .. .. .. .. .. 0. 00 .................................... .. 
Cairo, EI. W. 1858................. ........ ... . .. .. .. .. 40. 38 Above city-base .................... . 
Cairo, H. W.1862 .............. . •.. .... .... .. . .. ...... . 41,69 ...... do ................... ........ .. 
Cairo, H. W. 1867.... . .... .......... .... .. .. .. .. .. .. .. 41. 81 ...... do ................ ...... ..... .. 
Cairo, Illinois Central track on levee .................. 43 to <!3. 5 ...... do . .. .. .. .. .. .. .. ............ . 
Cairo Hotel, northeast corner. . . . . . . . . . . . . . . . . . . . . . . . . 43. 26 ...... do ......................... • ... 
Cairo, Mississippi levee . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 44. 00 . ... .. do .......................•.•••. 
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Elevations of points determined in this investigation. 
NoTE . ..-' The evidence upon which each rests may be seen by reference to the map and foregoing text. 

Names of determined points. State. 

Albany, mean tide in Hudson River ................•........•........... New York ...... . 
Altoona, track P.R. R. station . . . . .. . .. . . . .. . . . . . •. . • . . . . . . . . .. . . . ... .. . . Pennsylva-nia .. .. 
Alliance, track P. F. W. & C. R. R. station ................................ Ohio ............ . 
Atchison, H. W. Missouri River, (supposed to be 1844) ................... Kansas ........ .. 
Atehison, L. \:V. Missouri River ............................................. do ........... . 
Athens, railroad-station ........................ , ......................... Ohio ............ . 
Belmont, track of St. L. & I. M. R. R ... .. ... .. . .. . .. .. .. .. .. .. .. . .. .. .. .. Mi~sonri. ...... .. 
Buffalo, bottom of Erie Canal ........................................... New York ...... . 
Buffalo, theoretical surface of Erie Canal .................................... do .......... .. 
Buffalo mean surface of Lake Erie· .................................. · ........ do .......... .. 
Burlington, H. W.1851 iu Mississippi River ............................ · .. Iowa ........... .. 

~~~~Fu~l~~: ifJ;;· ~:::t'1~~~t~~v~~- ::::: ·.:::: :·.·.::·.:: ::::: :::·. :::::::::: ::: :~~ :::::::::::: 
Carmi, junction of C. & V. and St. L. & S. W. R. R....................... Illinois ........ .. 
Cambridge, W. W. Val. R. R. depot ...................................... Ohio ............ . 
Cairo, city-base= ordinat'y L. ·w. Ohio River .. .. .. .. . . .. .. .. .. . .. .. .. .. . Illinois ......... . 
Cairo, extreme L. \V. October 18,1871, Ohio River ............................ do ........... . 

g:t~~: ii: ;: ~~~~: g~~~ ~1~:~ :::::::::::::::::::::::::::::::::::::::::::: ::: :~~ :::::::::::: 
Cairo, I. C. R. R. track on levee ............................................... do ........... . 
Canton depot ........................................................... ::\fississippi ..... . 
Cedar Rapids, C. & N. W depot .. .. .. . .. .. .. .. . .. .... .. .. . .. .. . .. .. . .. . . . Iowa ............ . 
Cedar Rapids, city-datum, L. W. foot of Iowa avenue ..... , ................. . do .......... .. 
Cheyenne, track at U. P.R. R. passenger-depot .......................... Wyoming ....... . 
Chicago, city directrix . . .. .. .. . . .. . .. . . .. .. . .. .. .. .. .. .. .. .. .. . . .. .. .. .. Illinois ........ .. 
C~ic~go, I!lea;n su:rface ?f Lak<l Mi_chiga_n fo:r the past 20 year~ . .......•..... . ~o .•.......... 
Cmcmnat1, City d1rectnx = L. \V. m OhiO R1ver .. • .. .. . .. .. .. .. .. .. . .. .. OhiO ........... .. 
Cincinnati, H. W.1832, Ohio River ........................................... do .......... .. 
Cleveland, city directrix ................................................. Ohio ........... .. 
Cleveland, mean surface of Lake Erie ........................................ do .......... .. 

8U~~~~·. if~W~ ~8~~~ ~~::t::fEEt :t;:~ :::~~:::: ::::::::::::::: ~: · :::::::: -~~~~- ::~::: ::::~ .-
columbus, depot track of P. C. & Sb L. and C. C. C. & I .. .. .. .. .. . .. .. . .. Ohio ............ . 
Columbus, H. W.11.358, Mississippi River ... : ............................. Kentucky ..... .. 
Colorado Springs, depot track D. & R. G. R. R ............................ Colorado ....... .. 
Colorado Springs, Colorado Springs Hotel floor, (see Manitou) ............... do ........... . 

2~~:t!l~:1:P~i. w~~ g_ea~~~~~~~ck: ::::::::::::::::: :~:::: ::~::::: :::::: bohr::::~::::::::: 
• Davenport, old depot track, corner Fifth and Perry streets.............. Iowa ............ . 

Davenport, railroad level datum of C. R.I. & P .............................. do ..... ... .. .. 
Davenport, top of west abutment of railroad-bridge ...................... , .. do .......... .. 

E:;:~~~~~: ~: :: ~R::f::&Ef ~t;:~:::: :::~:: ::~::: :::::::: ~::::: ~: :::::: ::: :~~: ::::::::::: 
Davenport, city-base of levels ................................................ do .......... .. 
Decatur, I. C. R. R. depot. . . . . .. . . . . . . . . .. . .. .. .. .. .. .. . . .. .. . .. . . . . . . . .. . Illinois ......... . 
Denver, K. P . & D.P. R. R. depot track .. . .. .. . .. .. . .. . . .. .. . .. . • . .. ... .. Colorado ........ . 
Denver, D. & R. G. R. R. depot track ..................................... . ... do ........... . 
Detroit, mean surface of river .. .. . .. .. . .. . .. .. . .. • .. . .. .. .. .. • .. .. . .. • Michigan ...... .. 
Dubuque, L. W. MissiSi>ippi River, I. C. R. R. datum . . . . . . . . . . . . . . • . . . . . . Iowa ........... . 
Effingham, I. C. R. R. depot track and St. L. V. & T. H. R. R. depot........ Illinois ......... . 
Erie, L. S. & M. S. R. R. depot track .. . .. . .. . .. . .. .. .. .. .. . . .. .. .. . . • .. . .. Pennsylvania .. .. 
Evansville, depot track . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . • . • • . . • . . . • • . Indiana ......... . 
Evansville, L. W. in Ohio River .............................................. do .......... .. 
Evansville, H. Vl.l847, Ohio River ........................................... do .......... .. 
Fairplay, door-sill of Sentinel office before fire of 1873 .................... Colorado ........ . 
Fremont, U. P. R- R. depot t-rack .......................................... Nebraska ....... . 
Fulton, H. W. 1864, Mississippi River.............. . . . . . . . . . . . . . . . . . . . . . . Illinois ......... . 
Gloucester Point, permanent Unit-ed States Coast Survey bench on gran-

itcblock ............................................................... New.Jersey .... .. 
Gloucester, mean tide in Delaware River ............. - ...................... do . ......... .. 
Goldeu. city and railroad directrix ....................................... Colorado ....... .. 
Grand Haven, mean surface of Lake Michigan............ . . . . . . . . . . . . . . . Michigan ....... . 

g~~~~~:s~1i,j~~cti~~ d'~pot :::::::::::::::::::::::::::::: :·: :::::::::::::: ~~i~~~~-~i- :::::: 
Hannibal, H. W.185l, Mississippi River ................................. Missouri. ...... .. 
Harris burgh, Pa. R R. depot track . .. . . . . .. . .. . .. .. . .. . .. .. . .. . .. .. .. . .. Pennsylvania ... . 
Hickman, H. W. 1~58, Mississippi River.................................. Kentucky ...... . 
Indianapolis, Union depot tr~ck. . .. . .. .. .. .. .. .. . . .. .. . • . .. .. .. . .. .. .. . • . Indiana ......... . 
Indianapolis, city baseL. W. in, White River ................................. do .......... .. 
KanRas Ci.ty, H. W. 1844 of Missouri River, as marked on abutment of 

R. R.-Bridge ........................... . .......... -................ .... .. Missouri. ....... . 
Kansas City, trackofK. P.R. W .. at State line ........................ : ....... do .......... .. 

i:~~~Y: ~J-:~~~~~- :~~~~~: ::::::::::::::: ::~ ::::::::::: ~ ~ ~: :·::: :::::: -~~~~a~~:~:::::::: 
42 G S 

4. 84 
1, 177.91 
1, 082.88 

809. 88 
784.88 
647.01 
328.00 
564.26 
573.26 
57:3.08 
529.32 
511.89 
531.61 
416.09 
947.74 
291.23 
279.32 
331.61 
3:32.92 
334. 48 
240.00 
741.15 
717.85 

6, 075.28 
5K7.15 
589. 15 
439. 74 
502.24 
575.68 
573. 08 
611.15 
593.15 
742.60 
320.01 

5, 985.58 
6, 023.25 

999.70 
1, 15'.:!. 74 

591. 811 
559. 8~ 
589.06 
569.88 
553.22 
547.88 
675.65 

5, 196.58 
5, 197.58 

577. 05 
599.15 
599. 10 
686.68 
395.60 
350.60 
384. 43 

9, 964.49 
1, 213.90 

593,15 

8.10 
3. 35 

5, 728.98 
589.15 
184. 00 
777.75 
485. 10 
319.91 
313.01 
721.75 
688.67 

770.77 
763.52 

2, 156.90 
'508. 22 

487.72 
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Elevations of points determined in fnis investigation-Continued. 

Names of determined points. State. 

Keokuk, H. W. 1851, Mississippi River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Iowa ...••...... .. 
Keokuk, L. W. (extreme) Mississippi River .................................. do ........... . 
Lawrence, K. P.R. W. & L. & L. branch junction . .. .. . . . . . . .. .. .. .. . . . .. . Kansas ........ .. 
Lawrence, K. P.R. W. depot track ..... .. ......... . .............. ............ do ......... .. . . 
Leavenworth, city-datum, extreme L. W . Missouri River, .Jan., 1867 ... ... ... . do ........... . 
L eavenworth, H. W. Missouri Rive1·, (probably 1844) ........................ . do .......... .. 
Little Rock. C. & F. R. R. depot .. .. .. .. . .. . . . .. .. .. .. .. . .. .. . . .. .. . . . . . .. Arkansas ...... .. 
Louisville, L. W. in Ohio River, above falls* .............................. KentucK.y ..... .. 
Lake Champlain, mean surface at 'Whitehall. ...................... ...... .... . ............ .. 
Lake Ontario, mean suTface at Oswego ......................... . ... . ... .. ................. .. 
Lake Erie, mean surface at Buffalo and Cle-eland from 1844 to 1857 ........................ . 
Lake Michigan, mean sm-face since 1853 at Chicago ....................................... .. 
Lake Huron ................ . .. . ..... . . .. .. ..... .. . ..................... ... ......... .. ..... . 
Manitou Springs, rock arom1d the Manitou Spring.................. . .. .. Colorado .. ... . .. . 
McKenzie junction dtpot . ...... ..... ..... . .... . ........... . .. ... .... . .. . T ennessee ..... . 

502.55 
481.83 
8.11. 52 
845.52 
'iti3. 89 
788.89 
309. 29 
403.75 
100.84 
250. 00 
573.08 
589.15 
589. 19 

6, 296.92 
488.21 

Memphis, H. W. in Mississippi River previous to 1858, and is 100 feet 
above city-datum . ......................................................... do .. .. . . .. .. .. 218. 65 

Mr~~~~tf~~7~:~~~r~~~s:e~:-~~-~-~-~-~-:-:-~-~ ::::::::::::::::::::::::::::::::: -~~~~-i~~:::: :::::: ~~: g~~: ~g 
Mount Lincoln, cistern of barometer in 1873 ................................. do .. . .. .. . .. .. 14, 187. 63 
Montreal, summer water-level in river...................... . ............. Canada . . . . . . . . .. 30.00 
New Albany, depot of L. N. A. & C. R. R .. .. . .. .. .. . .. . .. .. .. .. .. . .. . . . .. Indiana.......... 451. 75 
New Albany, L. W.1857, Ohio River ..................................... .... do............ 379.75 
Ogden, U. P. &C. P. H. R. depot track .................................... Utah .... ........ 4, 303.:30 
Omaha, base of levels of U. P.R. R., L. W. in Missouri River............. Nebraska........ 977. 90 
Omaha, H. W. in Missouri River ..................................... . .. .. ... ,lo ...... ...... 996.90 
Omaha, bed of river . . , .................................................. . . .. . do............ 964.10 
Omaha, bench heretofore called 966 feet above the sea ........... ..... ....... . do ...... ...... 9Q7. 90 
OmalJa, track at present depot in main line U. P.R. R ....................... . do .. .. .. . .. .. . 1, 060. 40 
Omaha, tops of east and west abutments ofrailroad-bridge .................. do . ........... 1,049. 40 
Oswego, mean surface of Lake Ont:nio ................................... N ew York . ...... 250.00 
Parkers burgh, L. W. in Ohio River . . .. .. .. .. .. . . .. .. . .. .. . .. .. . .. .. .. . . . . W est Virginia . .. 57:-1. 00 
Peoria, city-datum, L. W. in Illinois River ................................ Illinois .... . . .. .. 439.00 
Peoria, C., R. I. & P . R. R. depot..... .. .. .. .. . .. .. .. .. .. .. • . .. .. .. .. .. .. . . ... do .. . .. . . .. . .. 464. 70 
PittsburglJ, Union depot track ........................................... Pennsylvania... 746.00 

~i~~~~~~~I.~)!1E;~: ~. :~~:: :; :::;;: :::::;;::: •: :::: ::~ ::; ; ; ::: • • dL:;; ;::::. "· n! ~ . 
Pike's Peak, top of U.S. G. & G. survey monument on east side of summit ... . do ............ 14, 124. 84 
Philadelphia, city-datum.............. . ........ .................. .. .. .. . Pennsylvania.... 8. 73:J 
Philadelphia, Pa. R. R. datum or base of'levels ............................. ... do............ G. 913 
Philadelphia, mean tide in Delaware River ............ ...................... do............ 3. 34!1 
Philadelphia, high tide in Delaware River ............................. ... .... do............ 6. 484 
Philadelphia, low tide in Delaware River .................................. .. do .. .. .. .. .. .. 0. 214 
Point Pleasant, very L. W. in Ohio River................................. West Virginia . .. 522.00 
Portsmouth, L. W. in Ohio River......................... . .. .. . .. .. .. .. .. Ohio . .. . .. . .. .. . . 479. 00 
Port .Huron, mean surface of Lake Hm·on................................ Michigan . .. .. . .. 589. 15 
·Port Sarnia. mean surface of Lake Huron .. ............................... Canad·a '\Vest... . 589.15 
Port Sarnia. G. W . R. W. track ................................. . ............. do .......... :. 593. 15 
Prairie Du Chien, prob:11Jle L. W. in Mis~Jissippi River................... Wisconsin.. .. ... 613. 00 

a~i~~f ~: ~ ~t~ ~!~:~s:!p~ ~~~:: ~ ~ ~: ~: ~:: ~ ~::::::: :::::::::::::::::: : ~~ltir~~:: ~::::::: :~~: ~i 
Quebec, mean high tide in Saint Lawrence River .. . .. .. . .. . .. . . . .. .. .. .. Canada .......... 15. 37 
Rock Island, C., R.I. & P. depot track......................... ... ..... ... Illinois .. .. .. .. .. 56tl. 68 
Rock Island, H. W. 185~ Mississippi River .................................. do .... .. .. .. .. 566. 68 
Rock Island, city-base . .............................. ......... ............... . do . .. ... . .. . . . 546.68 
Sioux City, R R. track on levee ..................... . .................... Iowa ............. 1, 123.35 

~~r tit~~i!iSll~~~~i; :::::: ·:~: :;::~~;;;:; ~; ;; .; ; ; ; ::;::; ~: . ~~~~ ~: ;;; ;; • J: ~J: ~ 
Saint Louis, H. W. 1844, Mississippi River ................ ............... .... . do . .. .. .. .. . .. 435. 87 
Saint Louis, H. W. 1858, Mississippi River ................................... do .. .. .. .. .. .. 4:U. 57 
Saint Louis, H. W.1851, Mississippi River .................................. do............ 431.17 
SaintLouis,L. W.extreme ... ....... ............ ............. ........... ..... do............ 394.48 
Saint Louis, or d. wa. Mississippi River . ...............................•...... do . . . . . . . . . . . . 408. 00 
Saint Louis, center of bridge on R. R. track .................................. do .. .. .. .. .. .. 485. 80 
Saint. Louis, center of bridge on wagon-road .................... . ............ . do . . . .. . .... .. 510. 04 
Steube.nville, L . W. in Ohio River ...................................... --~ Ohi? .. .. . .. .. .. .. 630. 77 
Terre Haute, T. H. &Intl. depot . ......................................... Indiana.......... 504.75 
Terre Haute, H. W. in Wabash River ........................................ do .. .. • .. .. .. 485. 4!i 

, *This determination is not checked, and should not be considered of equal quality with the others. 
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Elevati&ns of points deter-mined in this investigation-Continued. 

Names of determined points. Name of State. 

Terre Haute, ord. wa. Wabash River •..••..•.•.......••.•.••••........... Indiana ......... . 
Terre Haute, bed Wab:u:h River ...................................... . ...... do .......... .. 
Three Rivers, mean tide ................................................. Canada ......... . 
Vincennes, Ind. & V. R. R. depot tr'lck ............... , .. . . .. .. .... .. . .. . .. Indiana ........ .. 
Vincennes, H. W. in Wabash River .......................................... do .......... .. 
Vincennes, L. W.in Wabash River .......................................... do .......... .. 
Vand'llia, junction of track of St., L. V. & T. H. & lll.C. R. R ............. illinois ......... . 

659 

467.45 
45:3. 95 
15.00 

434. 39 
4'25. 39 
413. 3'J 
511.89 
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TOPOGRAPHICAL REPORT OF MIDDLE PARK DIVISION, 1873. 

BY s. B. LADD, M. E. 

Introductory letter to Dr. F. V. Hayden. 

WASHINGTON, D. C. 
SIR: In accordance with your instructions, I herewith present a 

report on the topographical work of the Middle Park division of the 
United States Geological and Geographical Survey of the Territories 
for the year of ·1873. 

As Mr. A. R. Marvine, in his report as a director as well as geologist 
of this division, has necessarily given all the statistical facts and gen
eral description of the surface of the country which go to make up a 
topographical report, I have thought best, rather than uuplicate that 
portion of it, to refer you to the first part of his report, and to give here 
a general account of the extent of timber, grazing; and agricultural 
lands, and the means of travel and communication; also, some notes on 
the rain and snow fall of the country and the present population, for 
which I am greatly indebted to Mr. William N. Byers, of Denver, who 
previous to the establishment of the signal-service station there kept a 
meteorological record for the Smithsonian Institute. I would also like 
to express my thanks to Dr. 0. 0. Parry for inform~ttion afforded me. 

Very respectfully, yours, 
S. B. LADD. 

F. Y. HAYDEN, 
United States Geologist in Charge. 

REPORT. 

The territory surveyed by the :Middle Park division during the season 
of 1873, is embraced between the parallels of north latitude 39° 30' and 
400 20', and between longitude 1040 45' and the Park range, ~hich 
forms the western boundary of the Middle Park; this has a northeast 
and southwest trend, and the meridian 1060 30' would be 3,n 'average 
western limit. 

The total area covered, about 5,400 square miles, was not as large as 
was intended at the outset; this was due to the nature of the country 
on the eastern slope of the mountains, which rendered a large number 
of stations necessary, and as it is quite thickly settled it was thought 
desirable to procure as much detail as possible. 

The topographical features of a country being but the expression of 
its geological structure, a thorough discussion of the latter must neces
sarily involve a description of the former, in order to make the geologi
cal report intelligible to the reader who is not familiar with the country. 
Therefore, rather than repeat a general description of the topographical 
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features of the country surveyed by us this year, I will refer you to the 
first pages of the geological report of Mr. A. R . .M:arvine, where he has 
given all that can be said on the subject. 

The district surveyed may be divided into three natural areas, sepa
rated by the line formed by the eastern edge of the mountains where the 
sedimentary beds are upturned against the metamorphic rocks, forming 
the ridges known as the Hog-backs ; and by the line of the main water
shed of the continent. The Hog-backs make a sharp line of demarka
tion bet weep the plains and the mountains; the plains being essentially 
destitute of timber, except a growth of cottonwoods and willows along 
the streams. 

The central mountainous portion, drained by Big and Little Thomp
son Creeks, Saint Vrain's Creek, Bowlder Creek, Olear Creek, and 
Bear Creek, with their numerous branches and forks, all of which are 
tributaries of the South Platte River, contains about 1, 700 square miles. 

The ridges and mountains are well timbered, mostly with the yellow 
and white pines, Pinus ponderosa and Abies Engelmanni, and the parks 
and valle;ys bear a fine growth of scattered timber. 

In the vicinity of the mining towns a great deal of the timber has 
been cut, and in places over large districts it has been destroyed by fire; 
1,200 square miles of this section is tim her-bearing, the remainder being 
either above timber-line or else taken up in the open valleys and parks. 

The western division, including the Middle Park, contains about2,025 
square miles, all of which is drained by the Grand River and its tribu
taries. This area may be divided into timber, grazing and farming, or 
bottom lands. 

The spurs thrown out from the main range which surrounds .the park 
on the north, east, and south, and the ridges and mountain masses form
ing the divides of the principal streams, are well timbered, especially in 
the eastern half of this section. · 

The :relation between the geological formations and the growth of 
timber is very interesting. There is apparently a greater change from 
this cause than that due to difference in altitnd~ 

The hills formed by the metamorphic rocks, wher~er they occur, ex
cept above timber-line, grow good timber, mostly white pine, although 
on western slopes it is smaller, and therefore of poorer qualit.y than on 
eastern. The amount of this granite-timber area is about 675 square 
miles. 

The 1ignitic areas, which comprise a large portion of the park, as the 
Williams Mountains, and the greater portion of the conn try drained by 
the Willow, Corral, and Troublesome Creeks, are essentially timber-re
gions; but the quality of the timber is very inferior to that growing on 
the Tnetamorphic rocks, and the southern slopes are generally bare. 

Over. large areas the timber has faJlen, making it often difficult to 
travel away from the trails. This class of timber-land might be esti
mated at 425 square miles. 

The regions covered by the lake-beds are, as a rule, totally destitute 
of timber. 

The areas covered by Cretaceous No.1 bear timber, while the remain
der of this formation, usually occupying the lower valleys and partially 
covered by the lake-beds, does not represent a timber-country. This is 
illustrated in the Yalley of the Blue, where the timber-growth follows 
the outcrop of Cretaceous No. 1 across the valley. This class covers 
about 150 square miles of country. 

The hills capped with lava grow timber. All told there are about 1,250 
square miles of timber-land iu this western subdivision • 
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Along the valley~ of the Williams, Blue, ;md Muddy Rivers, and also 
to a smaller extent in the Yalley of the .Frazier ~~d some of the smaller 
streams, there are road tracts of terraced prmne country, 400 square 
miles altogether, covered mostly with the lake-beds, and growing short 
bunch-grass and often sage-brush, available for grazing only, at least 
for some time to come. 

The river-bottoms of all the streams furnish fine farming-land, espe
cially east of the Hot Springs, along the Upper Grand and its branches. 

Below the Hot Springs the Grand River is bordered with broad bot
tom-lands along its course to the canon in the Park range. Large 
tracts of land could easily be made cultivatable by irrigation. 

The total amount at present capable of cultivation I should estimate 
at 175 square miles, a liberal estimate, ranging in elevation from 
7,183 feet above sea-level, which is the height of the mouth of Blue 
River. up to 8,463 feet, the altitude of the Frq,zier Valley. Grain can 
be raised at an elevation of 9,000 feet, but above 7,000 feet or 7:500, it 
is liable to be injured by frosts. Potatoes and the common vegetables 
can be cultivated up to 9,000 feet elevation. 

The eastern slope of the mountains and the portion of the plains bor
dering the mountains are so well settled, and the means of communica
tion uetween the man:v towns and settlements so numerous that it would 
not be advisable to give a detailed description of tbem, and I will con
fine myself to the main lines of tra-vel and the ways of communication 
open into the Middle Park. 

Denver now has railroad communicat.ion with all the large towns 
scattered along the base of the mountains. The Denver Pacific, run
ning north, connecting with the Union Paeific Railroad at Cheyenne; 
the Kansas Pacific; running east to Kansas City, and the Denver and 
Rio Grande Hailroad south to Pueblo, and eventuall,y, when completed, 
to Santa Fe, N. M. The Colorado Central Railroad connects Denver 
with G<lden City, Boulder City, Valmont, and Longmont. A narro\V
gauge branch of the Colorado Central Railroad passes up the famous 
Clear Creek canon, follows the windings of the stream, branching at the 
junction of North Clear Creek, one branch following up that fork to 
Black Hawk and Central City, and the other up the main stream to 
.11-,loyd Hill, five miles below Idaho. 

Most of the main streams draining the east.ern slope have roads follow
ing up their valleys whenever it is practicable, and winding along the 
ridges when the canons become iri1passable. - · 

Estes Park, near Long's Peak, is accessible by means of a road from 
Longmont. Jamestown and Gold Hill are connected with the plains by 
roads up Jim Creek, Left-Hand and Four-)Iile Creeks. 

Uaribou has a tri-weekly stage to Black Hawk and Central City, pass
ing through Middle Boulder and Rollinsville. All the towns are con
nected with each other by good roads. 

Georgetown, Idaho, and the settlements on Clear Creek, lw;ve daily 
connection with Floyd Hill, the present terminus of the railroad, thereby 
giving daily connection with Denver. 

The Denver and South Park road enters the mountains at Turkey 
Creek canon and follows the general course of that stream to its source, 
then across to the North Fork of the South Platte, then across the 
di-vide into South Park, through Hamilton to Fair Play. 

At Hamilton, a road connects with Brecldnridge, from which town 
there .is a tri-weekly stage connecting ·at Hamilton with the daily stage 
from Fair Play to Den-ver. 

From Georgetown a road crosses the divide at the Argentine Pass, 
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southeast of Gray's Peak, at an elevation of about 13,100 feet, passes 
down the Snake River, two miles below Montezuma, with which there is 
a connecting road, and joins the road down the Blue River at the junc
tion of the streams. 

A trail connects Georgetown with the Denver and South Park Road, 
joining the latter at the mouth of the North Branch of the North . .Fork of 
the South Platte. 

Four miles above Grant post-office on the South Park Road a trail 
turns off to lYiontezuma. 

At Jefferson, on the South Park Road, a road, formerly the stage-road, 
branches off, crosses over Jefferson Pass to Georgia Gulch, and joins 
the road down Snake River. 
· A trail not often used except for the ascent of Gray's Peak, crosses 
between Gray's and Torrey's Peaks connecting Montezuma with George
town. 

At present there are a number of trails crossing the main crest, and. 
this season a good wagon-road bas been built. 

Commencing at the north, there is no way known of crossing the sum
mit ridge un.til we go as far south as Arapahoe Peak. Up to this point 
the mountains are very rough, averaging 13,000 feet in height, Long's 
Peak rising to 14,271 feet, with no passes between the peaks. 

The eastern side is bordered with a line of steep precipices and am
phitheaters, filled with immense snow-fields and inclosing countless lal\:es. 
The precipice on the eastern face of Long's Peak, a sheer wall extending 
from the summit to timber-line, is over 3,000 feet in height by baro
metric measurement. 

South of Arapahoe Peak a trail crosses from Caribou over into the 
park, passing by the Fourth of July lode. It is used only by the miners 
of that district, and is not an easy way of reaching the park. 

Next in order, going south, is the new road, passing up South Boulder 
Creek from Rollinsville and crossing the summit-ridge where the Ute 
trail crosses near the center of the low portion of the range between 
Arapahoe and James Peaks at an elevation of 11,613 feet. It then winds 
dowh the western slope into the valley of the Frazier, which it follows 
nearly to the canon, when it swings to the west to the Hot Springs. 

A road was started from Central City with the intention of con
tinning it over into the park ; it is now built as far as James Peak and 
ma~es the ascent of that peak very easy, as it extends nearly to the 
summit. An excellent trail leaves this road near its terminus anu 
crosses the range to the north of James Peak, joining t~e Boulder road 
down in the valley of the Frazier. 

Berthoud's trail, starting from Empi:fe City, follows up the North . 
Fork of Soutp Clear Creek, crosses t,he divide below timber-line through 
Berthoud's pass at an elevation of 11,316 feet, and passes down Moses 
Creek. 

Vasquez's trail is the continuation of Berthoud's on the eastern side 
and crosses through Vasquez's Pass, the next in order south west of 
Berthoud's, at an elevation of about 11,500 feet. 

Vasquez's, Berthoud's, and the James-Peak trails join on the western 
side, and farther down in the park the combined trail joins the wagon 
road to the Hot Springs. 

Jones's trail follows up , the North Fork of South Clear Creek from 
· Empire, and crosses through Jones's Pass about five miles southwest of 
Vasquez's Pass, at an elevation of 12,513 feet, (Parry,)follows down the 
vVilliams Uiver to within a few miles of its junction with the Grand, 
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when it turns to the west and crosses the hills to Jones's ranch on the 
Grand near the mouth of the Troublesome River. 

This covers all the roads and trails now open into the park from the 
east, the only other way of reaehing it being from Montezuma or 
Breckenridge by means of the valleys of the Snake and Blue Rivers. 

A good road is built down the valley of the Blue from Breckenriuge, 
joined by the one from Montezuma down the Snake. It follows the 
Blue to a point about three miles from its mouth, when it crosses the 
hills forming the divide between the Blue and Williams Rivers to 
Jones's ranch on the Grand, and follows up the north side of the Grand 
to the Hot Springs. A trail which joins .this road passes up Ten-Mile 
Creek and crosses over to the Eagle River, west of the Park range. 
Another trail leaves this road on the east and crosses through Ute Pass 
to the north of Ute Peak, goes almost straight to the Hot Springs, con
siderably shortening the distance. Within the park communication 
between t,he different portions is easy. 

A road passable for wagons leaves the Boulder road at a point 
tpirteen miles from the Hot Springs, and crosses to the Frazif'r below 
the canon, then to the Grand and up the Grand to Grand Lake. 

Berthoud's road to the White River agency and Utah crosses the 
bills from the Hot Springs to a ford on the Troublesome, about four 
miles from its mouth, then across to the Muddy and through Gore's 
pass in the Park range to the headwaters of the Bear River. 

A trail leaves this road and runs north across the main divide from 
the headwaters of the Muddy into North Park. 

The continental divide at this poiut between the Middle and North 
Parks is only a low rolling country, about 9,400 feet in elevation, and 
easily crossed at any point. 

A trail up the Troublesome River crosses to the west of Park View 
Mountain into the North Park, and one up Willow Creek crosses to the 
east of Park View at an elevation of 9,683 feet. -

The heavy falls of snow which blockade the mountain-passes ma.ke 
access or egress to and from the park in winter very difficult, and 
almost impossible, except by the road up the valley of the Blue to 
Brech:enri<lge, with which communicaUon is generally kept open during 
the whole ~7ear. 

In Denver the average rain -fall is 12 inches per annum, and probably 
in tile Middle Park 18 inches. Along the main crest of the mountains, 
and for a, distance of five miles ou either side, the yearly rain-fall will 
probably reach 25 inches. 

The time for the first heavy fall of snow is very variable and no pre
cise rule can be given. Often a heavy fall of snow comes late in Octo
ber or early in November, sufficient to close the mountain-passes for the 
winter; but if there is not a heavy snow-storm then, there will be none 
until the last of February or early in the spring. 

For about one-half of the winters a great deal of snow falls between 
the 20th of October and the 15th of No vern ber, and for the remaining 
years the greatest amount will fall between the 20th of February and 
the 25th of March. One of the seve:-est storms known was on the 24th 
of March, when 3 feet of snow fell at Denver, and in the mountains the 
fall was 5 feet. The greatest depth of snow that bas fallen at one time 
was on the 22d of October, 1866, when the fall on the Snake and Blue 
Rivers was about 6 feet. 

The snow remains in the mountains until the first or middle of .June. 
The passes are notopen generalis until the last of May, and then they 
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have to be shoveled out; if left to themselves they would not be pass
able until the last of June. 

The wiuter of 1872 and 1873 was quite mild and open, and horses 
crossed the mountain-passes as late as tile last part · of February, but 
the heavy spring-snows· blocked the trails, and in the middle of June 
there was still 5 feet of snow in the Berthoud Pass. In 1867 there was 
a large amount of snow there as late as the 29th of June. 

The new road from Rollinsville across the main didde is closed thiG 
wii1ter by the snow, and it will be impossible to keep it open during the 
winter-season, as it crosses above timber-line. 

The most practicable route for a road to be kept open the whole 
season, in case the settlements in Middle Park increase sufficiently to 
require it, is through the Berthoud Pass, where it can cross below timber
line.• 

A list of the towns, with the date of their settlement, the population 
as given in the census-report of 1870, together with their present popu
lation, as gathered from various sources, is appended. 

Black Hawk ................ -;- . -- ... --- · ·- ·--- -~ 
Boulder City ................ .. ............ ____ , 
Breckenridge ................................. . 
Caribou ..........•............................ 
Central City .................................. . 
DenYer ......•.••.............................. 
Empire ..........•.•........................... 
Erie ................. ................ ---- .. ---- · 
Georgetown.: .•.••••......................•..•. 
Golden City ....•...............••..........•.. 
Gold Hill ......•••..................••.......... 
Idaho ....•.......................••.....•..... 
Jamestown . . . . . . . . . . . . . . . . . . . . . • . . . .......... . 
Longn1ont ....•.........•...................... 
Nederland, formerly Middle Boulder ............ . 
Mill City ...........................•.......... 
Montezurna .....•..............•............... 
}-fount Vernon .........................•....... 
Nevada City ...•............................... 
Peru . . . . . . . . • . . • . . . . . • • • • . . ...........•••..... 
.Silver Plume ...•.......•....................... 
Valmont ~ --- ............................ . : ... . 
~ard District ................................. . 

I 

Year of 
settlement. 

1659 
1859 
1860 
1870 
1859 
1859 
1860 
1871 
1861 
1859 
1860 
1859 
Ul6ti 
1871 
Ul71 
1861 
1864 
1859 
1859 
1865 
1871 
1864 
1862 

· Population. 

Census Estimated. 
1870. H373. 

1,068 l,COO 
343 1,500 

. -.. -- ..... - .. "'- 250 

.. -- ..... -""- ... 400 
2,360 3,000 
4,759 15,000 

. ... --- .............. 50 
- ... -......... -..... 400 

802 3,500 
f>S7 2,000 

... .. -........... 600 
229 400 

. ............. 25 
·-----. ---- 800 
................ 600 
.. .............. 75 
. --. ---- ..... 100 

31 30 
973 800 

---------·- 25 
. .................. 200 
..................... 150 
.. ..................... 200 

The towns and mining-camps on the Blue and Snake Rivers are 
.almost deserted in the winter, with a very variable population in the 
summer. Empire, now almost forsaken, was once very active and pros
perous. Gold Hill was of considerable importance when first settled, 
and then declined until it was nearly deserted, but within the last year 
or two, since the discovery of the rich telluride ores at the R.ed Cloud 
and Cold Spring mines, it has returned to its former prosperity. A 
number of towns and mining-camps, like Gold Dirt and Bakerville, are 
now entirely abandoned. 

*Since this was written a road has been built over this pass, connecting Empire 
City directly with the Hot Springs in Middle Park, and a bridge across the Grand River 
at the Springs renders crossing there possible at all seasons of the year. · 
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The heights of the mountains, &c., given are mostly barometric, a 
few only being determined trigonometrically from adjacent points, and 
those are marked with a t. The heights of Gray's and Torrey's Peaks 
are determined by angles of elevation and depression from Mount Lin
coln, fore and back sights having been taken. The height of Mount 
Lincoln is determined by means of a line run with spirit-level, and one 
of the base-barometers was stationed near ·its summit, so that the 
Lincoln barometer bas been used as a base for determining the heights 
of peaks above timber-line. But the barometer was not located on 
Lincoln until after Gray, Torrey, and also Mount Evans were visited, 
so the trigonometric heights of these mountains are given as being 
nearer the true height than a barometric determination referred to 
Denver as a base, 9,000 feet below. 

Capt. E. L. Berthoud calculated the height of Long's Peak, from a 
base line, 8,400 feet in length, measured near the Big Thompson, as 
13,767, assuming the bench at Golden City as 5,300; this, when reduced 
to sea-level, gives the height of Long's Peak as 14,196 feet. The height 
calculated from our barometric observations is 14,271 feet. 

AU the heights depend upon the altitude of Denver, which bas been 
taken as 5,196.58 feet for the depot of the Kansas Pacific Railroad, and 
as 5,244.58 feet for the Denver signal-service barometer. 

The heights at Golden City and along the line of the Colorado Central 
Railroad to Longmont are taken from the levels of the construction-line 
of that road. The heights on Olear Creek up to Black Hawk are al~o 
from the Colorado Central Railroad levels. 

The heights of Georgetown, Do,wnieville, and Fall River are deter
mined from the survey for the Denver, Georgetown, and Utah Railroad, 
and are the best results at present obtainable. The connection with 
the Colorado Central Railroad levels is made at the bridge in Idaho. 
Capt. E. L. Berthoud's preliminary survey made in 1866 agrees very well 
at corresponding points. His levels make the height of Fall River as 
7,719 feet; Downieville, 8,018 feet; and Georgetown, lower bridge, 8,514 
feet. This survey was carried over Berthoud's Pass, the summit being 
11,313 feet. 

MOUNTAINS. 

Arapahoe, front range .......•......•...................... _ .•... _ .... .. . . 
Audubon, front range .....•. . ......•........ ·----- ....•................. 
Bald Mountain, front range, near Wa'rd District .... _ ..................... . 
Mount Morrison, foo t-hills ................................ . .............. . 
Bergen's Mountain, overlooking Bergen's Park .......... .; . _ .....•. ___ .... . 
Bross, Middle Park, overlooking the Hot Springs __ .... . •. . ..... . .......... 
Byers, Middle Park, divide between Williams and Frazier Rivers .......•.•. 
Chief, foot-hills .................. _ ......... _ ..•.......................... 
Coffin Top, overlooking Antelope Park ... _ ................... . ...... . ... .. 
Conical Butte, Middle Park, upper Valley of the Muddy ......... . ......... . 
Corral Peak, at the park head of Corral Creek . . ..................... . .. . 

~;;~· ~~~~~ r:O~~er~~g~:: ~ ~::::::::::::::::::::::::::::::::: :::::: :::: :: 
Griffith Mountain, overlooking Georgetown .... .. _ ......•........ _ .. .. _ .. . 
High Point, front range, south of the Boulder road .........•.• _ .••.. _. ___ . 
Hog-Back, between Big and Little Thompson Creeks._ ........... __ ·- ..... . 
Ja.n1es Peak, front range ............. _ .. _. ___ .... _ .•.....•........... _ .. . 
Lillie's Mountain, near Este's Park ...................................... . 

~~dl~sll~~~~r~~tn;a~l~_.:::: :::::::::::::::::::::::::::::::::::::::::::: 
Mount at head of Turkey and Cub Creeks._ ..•..... ~ ............... _ .... . 
Park View, between Middle and North Parks •..• ·-·~ .................. . . . 
Powell, Park Range._ ................••••.••.•.•......................... 
Prospect Hill, in Este's Park ............................................ . 
Ralston Butte .....................••••...••...•.•••..•.........•••..... . 

Elevation. 
13,520 

tU, 17:3 
11,493 
7,903 
9,773 
9,468 

12,778 
11,833 
8,003 
9,848 

11, ~~33 
t14, 330 
t14, 341 
11,273 
11,988 
7,923 

13,283 
11,433 
14,271 

t13,423 
10 623 
12:433 
13,398 
8.893 
10;59~ 
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Rosalie, front range .•••..•••............•••....•..••..•••••••.•..•••••... 
Smith's Peak, front range .......•......•••.••••.......•.......•...••.... 
South Boulder Peak, foot-hills ..•..............••.•.......••..•.•.•..•••.. 

. Squaw, foot-hills .•.•.................•••...•...•••........•••..•••••.••• 
Station LX, south end of the Medicine Bow Range ..........•••....•••••.•• 
Station LXVII, Middle Park, Lower Valley of the Muddy .... -~-- ......•.• 
Sugar-Loaf, foot-hills ....•...•......••••..•.•...•.•.•...•.•••••.•••.....• 
Torrey's Peak, front range . · •..••..•......••........••.•••.••••......•..•• 
Ute Peak, Middle Park ...•.•••••.••.•.......•..••..•••......•••...••••.• 
Williams, Middle Park ..••...•.•..............•••...••••...••...•••••••• 
Whiteface Mountain, north of the Hot Springs .•••.•...•..•••••.•...•••••• 

PASSES. 

Sumnlit of the Boulder road .••••.•.....•••.....•••••••••...•.•••••.•.••• 
Berthoud's Pass, (Parry) ............ ~. . • . • . . . . . . . . . . • . . . . . . . . . . . •••...• 
Berthoud's Pass, E . L. Berthoud's preliminary railroad survey of 1866 ..... . 
Jones's Pass, (Parry) .... . ............................................... . 
Pass at head of Willow Creek toN orth Park ..•........•......•.••.....•.• 
Divide at head of Muddy River, (about) ..•••••..•..••.••...•............• 

TOWNS AND MISCELLANEOUS HEIGHTS EAST OF THE MAIN DIVIDE. 

Denver, Kansas Pacific Railroad depot .........•.......•••...•...........• 
Dem~er, United States sjgnal-service barometer ...•.•.••....•......•••.... 

FROM RAILROAD SURVEYS. 

g~~~~~ ~~~~~i~~: ·~::::::::: ::::::: ·_ ::: ~:: ·:::::::::::.·:::::.::::::: ::::::: 
Ralston Station .......................................... .. .............. . 

~~~s:~~ ~~~~~~ ~~~~~:::::: :::::: :: :::: :: :: :::: :: :::: :: :::: :: :::: : ·.::: :: : 
Rock Creek ..•••.........••..........••...•...•.••.•.•••...........•.... 
Coal Creek .....•..•.•...••••........ . ............•....................•• 
Coal Creek siding .••••...•••.....•..•.........•.....•••.•.....••........ 
Da.vidson .•. • •..... · •....••..•.•...................•••••.••••....•.•••..• 
Lake side ......... · ..... ~ •.•••..................•.•...•••...........•.... 
South Boulder Creek ...........• · .•.•..•.••.•.•••••.•.•..........•...•...• 
North Boulder Creek .........•.. .........•••....•.•••••...•.•.••••••••.••• 
Crossing of Boulder Valley Railroad, depot ..•••. ; .......•........••....•• 
Ni W ot., depot .....••.•••...•••.........•....•••..•••..•.••.•••.••.......• 
Longmont depot ...•..........••••.•...........••..•.• . ................ ~ 
Longmont town .......•................••••..••.••••• ·---~-- .••••••••••• 
Guy Gulch, up Clear Creek .....••.••..•.•.••..••...• . ..••.••••.••••••..• 
Beaver Creek, up Clear Creek .•.........•...• ·· ~ · •.••••••.•...•••••...... 
J!'ork of North and South Clear Creek ...•.•.•••.•...•.•...•.•.•••....•••• 
Fish Creek ..••......•..••......•.....•...••••......•....••..•.•.......•• 

~~~~kc~:~~:: :::·. :::::::::::::: ::]:: :~::: ::::::::::::::::::: ·.: ::::::::: 
Idaho, north end of bridge at east end of town .•.••......••..•.•....•.••• 
Fall River, water ..•.......••.•......•.•.......•.•...•...•.••••....•..•..• 
Downieville .........•••...........•..........•••...••...•••.....••.....• 
Georgetown, Alpine street, about 400 feet east of the north branch of 

Clear Creek ......•..•.............•••••..•.....••••..• _ ....•......•••. 
Foot of Berthoud's Pass, ~erthoud's preliminary railroad line of 1866 ..•••• 

BAROMETRIC. 

Terrible Mine .•••••••..•••••••••••.•...•..•..••.•••.•••••.•.••.•.••.•... 
Bakersville .........•..•......•... ~ ....••.• . ..••.........•...•..•....••.• 
Kelso Cabin ..•••....•.• . ..••...•.•..•••••..•.•............•.•........... 
Stevens's Mine, on McClellan Mountain ....•........•.•••••..............• 
Junction House, Denver and South Park road ..•••....•..••.•..••••..•••• 
Bergen's Park .•.............•.... . .•......•..••..••.••••••.•••••.••••••• 
Rollinsville .•.•......•....•....•..••..•••••••.•••••..••..•..•••.•...••.•• 
Nederland, formerly Middle Boulder .••.•..••••....•••••.••.•••••.•.••..• 
Caribou, Planter's Hotel ; •••••...•....•••..•••••••••••••.•••..•.••......• 
Gold Hill .•••••••••.•.•.•••••••••••••.•..••••••••.•••••••.• ; •.....•...... 
Jamestown ••••••••••••••••.••.••••••••••••.• . ••••••••••••••••••••••••••• 

Elevation. 
t14, 340 
t13, 093 
. 8,533 
11,733 
12,513 
t8, 263 
8,933 

t14, :336 
tll, 968 
tll, 41:~ 
tll, 493 

11,613 
11, 46:;! 
11,316 
12,513 
9,6tl3 
9,400 

5,19G.58 
5,244.58 

5,687 
5,615.4 

5,606 
5,579 
5,439 
5,309 
5,~29 

5, 349.7 
5,409 
5,252 
5,236 
5,234 
5,278 
5,118 

4,956.5 
I 4 976 
. 6:204 
6,411 
€,893 
6,889 
7,975 
7,!)31 
7,535 
7;719 
8,018 

8,530.4 
9,615 

9,243 
9,753 

10,89:3 
11,943 

R, 15,1 
7,643 
8,323 
8,263 
!) 905 
8:463 
7,123 
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Antelope Park ....••••.•••••••••.••••.•..••••.•.•••...••..••••.•.•.••••• 
Allen's Park ....................................... ........ .; ••..••••••••.• 
Este's Park, Ev:tns's ranch ............................................... . 
Little Thompson Creek, inside the Hog-Backs ...•••..........••.........•. 
South S'1int Vrain's Creek, at crossing of road from Ward District to Allen 

Park ..•••....•......•••..........•.•••.••••..••••.•....•••••.•••...••• 
Middle Saint Vrain's, at crossing of same .•.•....•...•..•....••••.....•••• 
Park on the South Boulder Creek, aboye Rollinsville .....•..••••••••..•• 

WEST OF THE MAIN DIVIDE, 

· Grand Lake ..•••.•..••••.••••...............•••••••••••••••••••••••••••• 
Junction of East Fork of Grand and Grand Rivers ................... ··r••• 
Month of Frazier Canon .............•.•....•.. . •••••••.••..• .••••..••..•.• 
Valley of the :Frazier River, above canon ..•.•••.••.•..•.••••.••.....•.•.• 
Hot Springs ....•.••.•..••... ..••.•.•..•......•.•••••.•••••••.••••..•..•• 
Junction of Blue and Granil Rivers ..•.•...••.....•••.••.•••••••..••••.•.• 
Muddy River, near Conical Butte ....••• __ .•.. ;_ ..••••.•••••.•••••.•...... 
:Blue River, opposite Ute Peak ....••••••••••••••••.•••••.••••••••••••••••• 

TIMBER· LINE. 

Mount Evans .••••..•••••.••••••.••••.. · .•.•.•.•••.. East •••• 
Gray's Peak ......•....•.•.•.. -~-- .••.•..•••••...•.. North .. . 
Mount Powell ...•..•..........•..••..••••••.•••.. ;. North .. . 
~fount Byers .•.••••••••.•.•••..•••.••.••.•••••••••. South .. . 
James's Peak .•.••....••.••..•••.......•....•••.•.. East .••. 
Arapahoe Peak .....••.•••••••.. ••.•••.••.•••..••••. South .•. 
Bald Mountain ...•••..••••.....•••..••••......••••• East •... 
Long's Peak ...••.•••••••.••.•.•.•.•••.....•..••... East •.•. 
Mount Lillie ........••••.......•••.•......•..•••.•......••.. 
Station LX ................... · .•......••........•••. South .. . 
Park View ....•••.•............••.•....•....•...•. East ..•. 

*Estimated. 

Deg. Min. 
39 35 
39 40 
39 45 
39 50 
39 50 
40 00 
40 00 
40 15 
40 15 
40 20 
40 20 
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Elevation. 
6,433 
8,513 
7,500 
5,623 

8,653 
7,703 
8,823 

8,153 
• 8,123 , 

8,088 
8,463 
7,713 
7,183 
7,G03 
8,013 

Feet. 
11,300 
11,100 

*11 600 
u;4oo 
11,100 
11,100 
ll, 100 
11,100 
11,100 

*11 600 
*11: 100 



GEOGRAPHICAL REPORT OF HENRY GANNETT, M. E. 

SIR: I have the honor to submit to you herewith my geographical 
report on the field-work of 1873. 

The party in my charge was composed as follows: Dr. A. 0. Peale, 
geologist; W. R. Taggart, assistant geologist; Henry W. Stuckle, as
sistant topographer, and J. H. Batty, naturalist, with two packers and a 
cook. 

The party left the depot camp near Denver on May 29, and spent the 
following six weeks in the country east and north of South Park. At 
Fairplay, in the middle of July, we met your party, and together crossed 
the Arkansas Valley, the Sawatch Range, and the Elk Mountains, work
ing a belt of the country through the middle of the district as · far 
west as the one hundred and seventh meridian. After separating from 
your party oh August 10, we finished the southern part of the district, 
then crossed the Elk Mountain divide and finished the northern part, 
reacping the Arkansas Valley again about the middle of September. 
The remainder of the season w::ts used in finishing up work which had 
:previously been left partially done, in the country south and east of 
South Park. . 

The plan of the topographical work was as follows: It was all, with 
slight exceptions, carried on from commanding points, usually the high
est peaks in the neighborhood. A connected system of secondary 
triangulation, within the primary system, was carried on with the grad
ienter. In this system all three angles of the triangles were observe~ 
whenever possible. The number of stations was 967 and the average 
distance between them was eight· and a half miles. At each station a 
drainage and a profile sketch were made of the country within the range 
of vision, and all prominent points were located. Elevations were 
measured by barometers and dip-angles with the gradienter. ·The more 
important streams were meandered. 

The party reached Denver on October 23, and immediately disbanded. 
The notes in the accompanying report concerning the common mam

malia and birds of Colorado were furnished me by 1\fr. J. H. Batty, nat
uralist of this division. 

The botanical notes, giving a list of the most valuable trees and 
herbs of the Territory, were given me by Mr. J. M. Coulter, botanist 
of the survey. 

Very respectfully, yours, 
HENRY GANNETT. 

Dr. F. V. HAYDEN, 
United States Geologist, in charge United States 

Geological a.nd Geographical Survey of the Territories. 

REPORT. 

The district assigned to the middle division is bounded in latitude by 
the parallels of 38° 45' and 390 30', and in longitude by the eighth guide· 
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meridian of the land-survey on the east, and by the one hundred and 
seventh meridian on the west. The area is about 7,200 square miles. 
This district is very much diversified, consisting of high phins, plateaus, 
and mountain-ranges. 

The drainage systems may be classified as follows:-
1st. That of the South Platte, which drains South Park and most of the 

country east of it. The area em braced by this system is 3,300 square 
miles, of which 1,700 square miles are plain or valley country, and the 
remaining 1,600 square miles are mountainous. 

2d. That of the Arkansas RiYer, consisting mainly of a broad., trough
like valley, lying between the South Park and the main range of the 
Rocky Mountains, (which is there known as the SawatchRange,) and a 
considerable portion of the plains east of the mountains, and the mount
ainous region about Pike's Peak, whieh are drained by a branch of the 
Arkansas, known as the Fontaine qui Bouille. The area drained by 
the Arkansas system is about 1,700 square miles, of which 500 square 
miles are plain and valley country and 1,200 mountainous country. 

3d. That of the Gunnison and the Grand Rivers, which, beading in 
the western slopes of the great Sa watch Range, flow iu a general westerly 
direction, draining aU the country west of the Sa watch Range. 

'rhe divide between these streams is a high range, known as the Elk 
}\fountains. The drainage area of the former is about 700 square miles, 
of which 100 square miles l:1I'A valley country and 600 mountainous. 
The area drained by the latter is 11500 square miles, 200 of it being val
ley and 1,300 mountainous. 

Of the total area of the district, 2,500 square miles, or little more than 
one-third, are plain and valley country, the remainder, 4,700 square 
miles, being mountainous. 

The plains which form the eastern part of the distriet are drained 
in part by the ~outh Platte and its numerous branches, and in part by 
the branches of the Fontaine qui Bouille, the divide between the two 
systems, consisting merely of a ~light rise in the level of the plains. 
The elevation of the plains at the north line of the district is about5,:300 
feet, thence the slope is gradual up to the divide, which ha~'< an eleva
tion of about 8~000 feet, and thence the plains slope gently aud regularly 
down to the south line, where the elevation is about 5,600 feet. The 
valleys of the streams are very slight, and in the dry season much of tile 
water siuks in the gravelly soil. There is no timber, except on the sum
mit of the divide. 

The list of elevations along the Denver and Hio Grande Railroad, 
which is appended, shows the profile of the plains very well. 

Rising abruptly from the plains on the west is a plateau-like range, 
known as the Colorado or Front Hauge, which increHses gradually in 
elevation toward the south, until, near the south line, it culminates in 
the group of mountains of which Pike's Peak is the center. Near the 
north line the South Platte cuts through this range, and just north of 
Pike's Peak the Fontaine qui Bouille heads in its western part, and 
cuts a canon through nearly its whole width. Its elevat.ion near the 
north line is 8,000 feet., near the canon of the Fontaine qui Bouille it 
is about 9,000 feet. 

The mountains of the Pike's Peak group are from 10,000 to 14,000 feet 
in elevation. 'rhe plateau is crested iu many places by ragged granite 
ridges, of which Platte Mountain or Devil's Head is the highest, 9,203 feet 
above the sea. This range is sparsely timbered with pine and spruce .. 
West of this range the country consists alternately· of beautiful, well
watered parks and rugged granite slopes, as far west as the great 
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canon of the South Platte. This cafion is cut in granite, bordered on 
the east by a granite plateau, on the west by a high granite range, the 
continuation of the Kenosha Range, which I call the Tarryall Range, 
from the large creek which flows along its southern face. The canon is 
thirty-five miles long, following the general course of the river; the 
depth differs greatly in different parts, ranging from 400 to 1,000 feet. 
It is barely passable for pack-animals at the lowest stage of the water. 

The Tarryall Range lies between the canon of the South Platte, Tar
ryan Creek, and South Park. It is more properly1 a group of mountains 
than a defined range. Its elevation reaches, in a few summits, 1.2,000 · 
feet, with an average elevation of 11,000 feet. 

Between Tarryall Creek and the South Platte, the--country is open, 
park-like, and well watered, as also is most of the country. l,ying south 
of the South Platte. There is plenty of the best of timber and grass. 

South Park is a table-land, ver.v uniform in surface, with the exception 
of a few minor ridges, which traverse it in a direction generally a little 
east of south, and in the southern part numerous volcauic buttes. Its 
shape is nearJy ellipt,ical, the longest axis having a direction about north 
and south, and a length of 50 miles, while its shorter axis is 25 miles 
long. The area is about 1,000 square miles. The prevailing slope is 
from northwest to southeast. The elevation is, in the northern and 
north western part, 9,5UO to 10,000 feet; in the western and south western 
part, 8,500 to 9,000, and in the southeastern part, 8,000 feet. The mean 
elevation is fully 9,000 feet. 

The limits of the park are sharply defined by the mountains, which 
rise on all sides abruptly from the plains to the highest summits. The 
TarryalJ Range bounds it on the east as fa,r as Tarryall Creek; thence 
to the south end, around tbe south end, and up the west side as far north 
as Buffalo Peaks, the boundary consists of wooded hills, having eleva
tions of 10,000 to 11,000 feet, and rising about 2,000 feet aboYe the 
plain. At Buffalo Peaks the r~nge rises abruptly to mountains from 
13,000 to 14,000 feet high, called the Park Range, which joins the main 
range at Mount Lincoln, at the northwest corner of the park. Tbe 
north end of the pa.fk is hounded by the main range, which bas there 
an elevation of 12,000 to 14,000 feet. 

In general the park is not well watered. Near its borders, especially 
1ts northern and western sides, there is at all seasons an abundance of 
good water, but throughout the whole interior part of the park water 
is scarce. The large streams water but a very narrow belt in their · im
mediate neighborhoods, and the smaller streams sink in the gravelly 
soil. 

The surface of the park is covered with bunch-grass of an excellent 
quality, making it an excellent range for cattle and sheep in summer, 
but the great elevatior1 makes it extremely hazardous to winter stock 
out of doors. 

There is no timber except on the sides, but in the mountains there is 
an abundance of the best timber. 

West of the Park Range is the valley of the head-waters of the 
Arkansas River. This is five to ten miles broad, well watered, sparsely 
timbered, and covered with bunch-grass and Rage. From the extreme 
head of the river in Tennessee Pass to Lake Creek the valley is very 
broad, open, and fertile. From Lake Creek south about fifteen miles 
the river is in canon. Below this is again a broad valley without 
timber, and tolerably good for grazing purposes. The whole valley 
is much more sheltered than South Park, and on that account is much 
better for wintering stock. 
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Eagle River heads opposite the head of the Arkansas, in Tennessee 
Pass, and flows nearly northwest to the Grand River. Its valley con
sists in the upper portion of broad, fertile meadows, with good grass, 
and abundance of timber in the hills. ' 

West of the Arkansas and Eagle Rivers is the great Sawatch Range, 
which terminates on the north in the Mountain of the Holy Cross. 
The main divide joins it at Tennessee Pass, and thence south follows its 
crest. The peaks of this range are between 14,000 and 14,500 feet in 
height. Few points in the range are below 13,000 feet high, and the 
average elevation of the range is fully 13,500. The orographical charac.
ter of these mountains, as well as those of the Park Range and of the 
main divide on the north end of South Park, is broad and massive. 
Heavy, bulky mountain-forms abound, while sharp pinnacles and ser
rated ridges are entirely wanting. This range has an average width of 
fifteen to twenty miles . . 

The country west of the Sawatch Range is drained by the Gunnison 
River and Roaring Fork, a branch of the Grand River. Their valleys 
are separated by a heavy range, the Elk Mountains, second only to 
the Sawatch in magnitude and elevation. The direction of the divide 
between the two drainage-systems is generally east and west, but the 
range is, in reality, made up of a series of ranges parallel to the 
Sawatch; i. e., having a direction about south 300 east, and north 300 
west, joined together by saddle-like ridges; this formation giving rise 
to a number of large branches of each river, all parallel, approximately, 
to one another. This range is composed in great part of stratified 
rocks, principally sandstones, disturbed in several places by upheavals 
of granite. These mountains present aspects entirely diffPrent from 
those of the Sa watch Range, both in color, which ranges from a dull red 
to a dark brown, and in form, which, instead of the heavy, massive, 
dome-like structure of the Sa watch Range, presents us here with sharp 
pinnacles, spires, jagged ridges, &c. 

The valleys of most of the branches of the Gunnison are narrow, 
though in some places, as on the main Gunnison and on East River, 
they expand to broad bottoms several miles in width covered with sage 
and bunch-grass. · 

The vegetation in the mountain valleys is of almost tropical luxuri
ance, the sandstone am limestone making a deep, rich soil. Pine and 
spruce trees cover the ridges heavily, while the bottoms are choked by 
quaking-aspen trees. 

On the north side of the divide the character of the country is very 
similar to that on the south side; i. c., a system of parallel ridges, par
allel to the Sawatch Range. This direction of the ridges is, however, 
changed as we go farther north to a nearly east and west direction in 
the latitude 39° 15', by the large branch of Roaring Fork, known 
as Frying-Pan Creek, which drains the west face of the northern half 
of the Sawatch Range. The elevation decreases rapidly toward the 
north, being at the mouth of Frying-Pan Creek, in latitude 39° 15', 
only 7,000 feet; and with this decrease in elevation there comes a great 
change in the character of the vegetation. 

The ran~e and extent of agricultural pursuits are determined in this 
country rather by the elevation than by any other agency. 

The following notes concerning the limits in altitude of the growth of 
different crops were given me by Mr. W. N. Byers, of Denver, from his 
own experience and observation : 

Wheat, barley, oats, potatoes, turnips, peas, and the hardier garden 
vegetables are safe crops at any elevation under 7,500 feet. .Potatoes 
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generally do well as high as 9,000 feet, and turnips always up to that 
altitude. Wheat grows splendidly at as high an elevation as 9,000 feet, 
but above 7,500 feet it is a hazardous crop, liable to be injured by e;:trly 
autumn frosts or snow. Oats grow splendidly up to 9,000 'feet, but gen
erally have to be harvested green. 

The list of elevations submitted at the end of this report will show the 
application of these facts to the area under consideration. 

Cattle and sheep do well as high up as grass grows, but it is not safe 
to try to winter them without provision of bay aboye 7,500 or 8,000 feet. 
Nearly every year since the settlement of the Territory stock has win
tered out of · doors in South, Middle, and Estes Parks, but the lowest 
and most sheltered parts were sought for this purpose. 

The total population I estimate at 6,500. This is necessarily a rough 
estimate, as I have no means of learning the number who are scattered 
about on ranches, &c., away from the settlements. 

The principal settlements are as follows: 
Color~do Springs, on the Fontaine qui Bouille and the Denver and 

Rio Grande Railroad. This place is the county-seat of El Paso County. 
It was founded, on the colony system, in 1871. Its present population 
is about 2,000, and rapidly increasing . . 

Colorado City, on the Fontaine qui Bouille, two and a half miles 
above Colorado Springs ; population, 600. This place was started in · 
1859, at the time of the first gold-discoveries in South Park. It ·has 
been much larger than at present. 

J\ianitou, on the Fontaine qni Bonille, about five miles above Colorado 
Springs, at the mineral springs, and at the immediate foot of Pike's 
Peak. The town was started in 1872 by the Colony Company. It has 
a population of 200. 

Fairplay, South Park, the county-seat of Park County. It was 
started during the mining excitement of 1859-'60. It now has a popu
lation of about 1,000. 

Dudley; started in 1872; population, 300. 
Alma; started in 1872; population, 500. 
Quartz ville; started in 1871; population, 200. . . 
(The three latter settlements owe their birth to the rich mineral 

deposits recently discovered on Mounts Bross and Lincoln. They, 
as well as Fairplay, are situated on the Sout\L Platte, very near its 
head, at or near the foot of Mount Bross.) . 

Montgomery, at the extreme head of the . South Platte, which had, 
ten years ago, a population of 2,000, now consists of one family. 

Hamilton and Tarryall, on Tarryall Creek, near its head, have popula
tions respectively of 100 and 200. They were started during the mining 
-excitement in 1860, and were at one time large places, as Tarryall had 
for sever:al years a population of 2,000 to 3,000. 

Oro C.ity, at the head of California Gulch, in the Arkansas Valley, 
was started in 1860. In 1861 it had a population of 3,000. Now its 
population is 300. · 

Granite, on the Arkansas River, at the mouth of Cash Creek, was 
started in1868, with a population of 1,000, which has now decreased to 
100. 

Dayton, on Lake Creek, Arkansas Valley, in 1865-'6 bad 400 or 500 
inhabitants .; now the population consists of but one or two families. 

The only settlements in the park or mountains are dependent on 
mining for their existence. 

West of the Sa watch Range there are no settlements whatever, with 
the ,exception ,of two small mining-camps, one in the Elk Mountains, at 
the head of East River, and one in Union Park, on the Gunnison River. 
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PRINCIPAL PASSES IN THE HIGH MOUNTAINS. 

The following are the practicable passes in the main range: 
Georgia Pass, at the head of Michigan Creek, north of South Park. 

·Its elevation is 11,811 feet, while the level of South Park, in the neigh· 
borhood, is about 10,000 feet. The grades are easy on both sides, and 
a small outlay of money would suffice to build a good wagon-road ove1 
it. An indifferent one now exists. 

Tarryall Pass, a few miles west of the latter. Elevation, approxi· 
mately, 12,000 feet. The stage-line from Breckenridge to South Park 
crosses this pass. The approaches are equally easy with the latter, and 
road well built. · 

Hoosier Pass, near the head of the South Platte. Elevation, 11,540 
feet, while Montgomer,y, on the South Platte, just at the foot of th e 
pass, has an elevation of 11,540 feet. The ascent on the south side is 
extremely steep, and the road is obliged to wind a great deal to over
come the ascent. On the north side it is not as steep. 

Tennessee Pass, at the heads of the Arkansas and Eagle Rivers. 
Elevation, 10,418 feet. The easiest pass over the main range in the 
Territory, if not in the United States, with the exception of Reynolds 
Pass, Montana. 

Frying-Pan Pass, at the heads of Colorado Gulch and Frying-Pan 
Creek. Elevation, 12,017 feet. This pass is very steep and difficult ou 
'both sides, more particularly so on the east side. · 

Lake Creek Pass, at the head of the South Fork of Lake Creek. Ele
vation, 12,329 feet. This is quite steep on both sides, but rather more so 
on the west. The summit of the pass is covered with shingle, which 
increases its difficulty. . 

In the Park Range the most northerly pass is the Mosquito Pass, at 
the head of Mosquito Gulch. Us elevation is 13,438. The ascent is 
steep, and difficult for pack-animals on both sides; and except in mid
summer, there is ·a great deal of snow on the trail. 

Weston's Pass, Park Range, at the head of the Little Platte. Eleva
tion, 11,676. A good wagon-road crosses this pass. The ascent on the 
South Park side is by easy grades, but on the Arkansas side it is much 
steeper. 

Trout Creek Pass, Park Range. Elevation, 9,346 feet. ·This paRs is 
through the low rugged hills south of Buffalo Peaks, and near the salt
works. The stage-road to the Arkansas Valley crosses this pass. It is 
an extremely easy one. . 

The Elk Mountains can be crossed by a pack-train in Reveral places, 
with more or less difficulty. Near the bead of the main Gunnison the 
summit of the range is broad and . flat, and though the ascent on each 
side is extremely steep and rocky, still it is practicable. Elevation, 
11,795 feet. . · 

At the head of East River there is quite an easy pass to the head of 
Rock Creek. One of the main trails between the \Vhite RiYer and the 
Los Pinos agencies crosses the range at this pass. The elevation is 
about 11,163 feet. 

MEANS OF COID'lUNICATION. 

The Denver and Rio Grande Railroad (narrow gauge) runs nearly 
north and south from Denver to Pueblo, on the Arkansas River, at the 
east foot of the Colorado Range. This is the only railroad at present in 
operation in this district, but surveys for railroads have been made from 
Denver and Colorado Springs to Fairplay and the Arkansas Valley. 
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The located line from Denver follows up the Platte to the mouth of 
the North Fork; thence up the North Fork, crossing to South Park at 
the Kenosha Summit; thence along the northwest border of the Park 
to Fairplay. From Fairplay it passes down the west border of the Park 
to Trout Creek Pass, by which it crosses to the Arkansas Valley. The 
located· line from Colorado Springs follows up the canon of the Fon
taine qui Bouille, crosses the divide at its bead, passes over the high, 
rolling country northwest of Pike's Peak to the Platte, and follows that 
river up to Fairplay. 

A daily stage-line connect~ Fairplay and the towns in South Park 
with Denver. A tri-weekly stage-line connects the settlements in South 
Park with Colorado Springs. A bi-weekly stage-line connects the set
tlements on the Arkansas with Fairplay, and a bi-weekly stag~-1ine 
connects Breckenridge with Hamilton, in South Park. 

PRINCIPAL W .A.GON-ROADS AND TRAILS. 

A road connects Denver with Colorado Springs and all the minor 
settlements on the plains. The line of the road is generally quite near 
that of the Denver and Rio Grande Railroad. 

The stage-road from Denver to South Park crosses the plains from 
Denver to the foot of the canon of Bear Creek, crosses the divide to 
Turkey Creek, follows up 'rurkey Creek, crosses to El_k Creek, thence 
crosses the high divi<le to theN orth Fork; follows North Fork up nearly 
to its beau, and crosses into South Park at Kenosha Summit; thence it 
skirts the northwestern border of the Park to Hamilton and Fairplay. 
A branch leaves it at Michigan Creek, and, crossing the main range at 
Gf'orgia Pass, goes down to Breckenridge. Another branch leaves it 
at Hamilton, and connects with Breckenridge by way of the Tarryall 
Pass and Swan River. .From Fairplay, a road runs up the South Platte, 
connecting the mining towns above Fairplay, crosses by Hoosier Pass, 
and goes down the Blue River to Breckenridge. · 

Colorado Springs and the towns in its neighborhood are .connected 
with Fair Play by a road which follows very closely the course of the 
located railroad-line as far as the crossing of the South Platte. There 
it leaves the South Platte, and crosses to South Park in a direction 
somewhat north of east, reaching the South Platte again in South Park, 
and follows it up to Fairplay. A branch leaves it in the southern 
part of the park, and runs to the Salt-works and the Arkansas Valley. 
Another branch leaves it at the first crossing of the South Platte, and 
follows Tarryall Creek up to Hamilton. 

From Fairplay a road skirts the western side of the park, a branch 
of it crossing the Park Range, at Weston's Pass, to the Arkansas Valley, 
while the main road continues on down to the Salt-works, and thence 
to the· Arkansas Valley, by way of Trout Creek Pass and Trout Creek. 
From the Salt-works a road runs to Canon City. 

There is an excellent road throughout the whole length of the Arkan
sas Valley. These wagon-roads are all excellent, and this in .a country 
in man.)' parts extremely rough and mountainous. 

The ·most direct route from Fairplay to the Arkansas Valley is by a 
pack-trail up l\iosquito Gulch and over l\iosquito Pass. 

At the head of the Arkansas River the wagon-road dwindles to a 
trail, which crosses the main range at Tennessee Pass and follows the 
Eagle River down to the crossing of the Grand River, and thence to 
the Wl.Jite River agenc.):r. 

From the Twin Lakes, Arkansas Valley, a heavy trail passes up Lake 
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Creek and its south fork, cro~ses the Sawatch Range at Lake Creek 
Pass, follows Pass Oreek down to the Gunnison, which it crosses near 
its head; thence it follows up Spirifer Creek, ·crosses to Taylor River, 
then up Deadman's Gulch, crosses the divide to Oement Creek, and fol
lows Cement Creek down to its mouth. At East River it forks, one 
branch going southerly clown East River and the Gunnison to the Los 
Pinos agency; the other up East River to its head, where it crosses to 
Rock Creek, and, generally speaking, it follows Rock Creek dow~ to 
the Grand River. This is one of the principal Indian trails in the Ter
ritory. 

BOTANICAL NOTES. 

· Quercus alba., L., var. Gunnisoni. Torr., scrub-oak.-The only oak in 
Colorado, and of little value. Grows 6 to 10 feet high. 

Pop~tlus balsamin~fera, L., var. Oanrlicans, Gr., cottonwood.-Occurs at 
middle elevation. Is the only poplar that can be used for timber. 

Pinus ponderosa, Dougl., yellow pine.-Grows 70 to 100 feet high. 
Common f,hrough all the lower slopes. Is a most valuable timber-tree. 

Pinus flexilis, James.-Found on the divide between South Park and 
the Arkansas Valley, (Park Range.) 

Pinus edulis, Eng., pinon or uative pine.-Found near Colorado Springs 
and Twin Lakes. · 

Abies Engelmanni, Parry, white pine.-A magnificent tree, growing 60 
to 100 feet high, with a straight, even trunk, and of rapid growth. 
Wood is remarkably white and soft. This specie~ is closely allied to 
the black spruce (Abies nigra) of the East. ]'ound on the mountain
. slopes of the Elk and Sa watch Ranges. 

Buchloe dactyloides, Eng., buffalo-gra~s.-One of the most nutritious 
grasses. Is the common pasturage on the plains and in South Park. 

Poa alpina, L., and Phleum alpinum, L.-The best of mountain-grasses, 
growing far up on the mountains. 

Triticum repens, L., blue-joint.-Found along the Platte and around 
Weston's Pass. 

Poa seroUna, Elroh., false red-top.-A good grass. Found in moist 
meadows, even nearly to the tim ber-lin e. 

Hordeum, wild barley.-Found about Colorado Springs and in South 
Park. 

Elymus, wild rye.-Found aro?lnd Colorado Springs and Twin Lakes. 
Dauthornia, wild-oat-grass.-Found at Ute Pass and along the South 

Platte. 
Avena, wild-oats.-Fqund in Middle and South Parks. 
Caltha leptosepala, D. C.-Very abundant in all sub-alpine swamps. 
Linum pm·enne, L., flax.-Abundant throughout the district at all 

elevations. 
Trifolium, clover.-Occurs in comparative ab~ndance; mainly at high 

altitudes. 
Rubus t-riflorus, Richards, raspberry.-Occurs in canons at middle 

elevations. 
Ribes aureum, Parsh, currant.-Occurs in South Park. 
Valeriana ed,ulis, Nutt.-Abundant in Clear CreekOafion and about 

Twin Lakes. 
Eu,rotia lanata, Mog., winter-fat, or white sage.-Found around Col

orado Springs and Canon City. 
H'um~tlus lupuhts, L., common hop._:Fourid along the South Platte 

and in the canons about Snow-Mass Mountain. 
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HYPSOMETRIC.AL. 

The most important elevations in the following lists were determined 
with the mercurial barometer, until August 22, when the last barom
eter-tube was broken. · Elevations of minor importance, and, after 
August 22, all elevations, except those measured trigonometrically, were 
measured byaneroids. While there was a cistern barometer in the party, 
the .aneroids were compared daily; and after this barometer was broken, 
corrections were obtained for the aneroids whenever possible, and in 
every case these showed a remarkably good performance on the part of 
these instruments. · 

A part of the elevations submitted below were measured by vertical 
angles taken with the gradienter. The vertica~ circle of this instrument 
1s four inches in diameter, and reads, by a vernier, to single minutes. 
The correction for refraction was determined by a series of fore and 
back sights between mountain-peaks to be approximately one-sixth of 
the curvature, and this correction has been applied to obtain these 
results. . 

Barometric observations taken in Denver by the officers of the United 
States Signal-Service Bureau, during the summer and autumn, were 
placed at our disposal for use as base observations. At Fairplay, South 
Park, elevation 10,048 feet, barometric observations were taken for us 
three times a day from July 19 to October 1, and at the 1\-Ioose Mine, 
near the summit of Mount Lincoln, elevation 14,188 feet, observations 
Lave been taken since July 20. 

To the Denver observations as a base have been referred all work at 
elevations below 8,000 feet; to Fairplay, all work between 8,000 feet 
and the timber-line, that is, about 11,600 feet ; and to Mount Lincoln, 
all above the tim ber-lin e. · 

In the following lists a refers to an aneroid measurement, t to a trig
onometrical determination. In other cases the measurement was made 
by a mercurial barometer. The elevation of Denver above sea-level has 
ueen assumed at 5,197, the level of the track of the Denver Pacific Rail
road. This makes the elevation of the barometer in the United States 
Signal-Service office, 5,245 ff>et. 

LIST OF ELEVATIONS 

Along the line .of the Dent,er and Rio Gmnde Rail1·octd from Denv&r to Colorado Springs 
at the east foot of the 1nountains. 

Miles. Elevation, 

Denver .. __ ... _ . _ .... ____ .•• __ •... __ • _____ ..•..••.. __ .•••• _ ••. _. _.. 0 
Li t.tleton .. ___ • : __ .. __ ••..•.•••. _____ . ____ .. _____ ••• _ •. _ .. ___ . • . . . • 10 
Ac eq uia . __ • _. _ . _____ . _____ . ____ .. _ _ _ _ _ _ _____ . ___ •. __ .. _ . ____ . ___ • . 17 
Plum ·- ____ . _____ .. ____ . ______ .. _ ..... __ ... __ ... ___ ........ _ ..• _ • .;.. 25 
Citadel ___ .••••• _ .. __ . ; . ___ . __ . . .• __ . . , • __ .••••• _ ..• __ ~ •• ___ . ___ • _ . 31 
Douglas .. ____ . __ . ______ ,_. _ , .... ____ .•.•.• ___ •.... _ ..•..•.••.• _. _. _ 35 
Larkspur---··----- ____ ·----· ____ -----------·------·--------- _ _. ____ 43 
Green laud __ . _ .. __ .. ____ ... ____ . ___ •. __ ......• ___ . _ .• _ .••• _.. • • • • • • . • 47 
Divide _____ . _____ ••• _ ... ___ . __ ... _________ • __ • _____ •..• • ___ . _ • __ • _ • _ 52 

Henry's .... ------ •••... ------------------ _. ___ ------------ ---· ------- 56 Berst's .. ___ •. ___ .. __ .. _______ • _. ___ ·- ________ • ____ •• __ • ___ • ___ • ____ • 58 
I! us ted . _ .......•.•••••. _ .........•• __ .• _ •• _ •...••••.•••.• ___ . • • • • • 62 
1\1onument ---· ---· .•.. ---- ·----· ____ ----·· ------------------ _ ---··· 67 
Colorado Springs ••••.....•.•••.....•.••••• _ ••••.•.•••• _ •• _ ••••• __ •• 76 

TOWNS, ETC. 

Colorado City.------------ ____ ------ ____ •••••• ----··-···---- ••.• -··· •..• 
Colorado Springs, railroad levels. _. _ . __ .•.•• __ • _____ .• __ ••• __ . _. __ •• ____ • 

~:Ianitou .. ---· ---· -----· -··-·· .•.•.. -··· •••••• ···--····· ·-·· •••• ···--- --

feet. 
5, 197 
5,362 
5,fi~O 
5,835 
6,123 

. 6,325 
. 6,666 
6 928 
7:209 
6,984 
6,812 
6,600 
6,35fi 
5,984 

6,049 
5,984 

a 6,357 

.. 
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Fairplay, South Park, railroad levels ..•..•••..•••••..••••.••••••.•..•.... 
Hamilton, South Park ..• _ .•.• _ .•.... __ ...... . .•...•.••....•..... -~- ....• 
Tarryall, South Park .......• ----·---·· ........ ~--- .•••.••••....•........ 
Jefferson, South Park ...•.••••...••••••.........• ··---· •..• -~---· ..•..•.. 
Dudley, South Park ....... _ ••.......••....••... ___ .........•• ~ •.....•..•. 
Alma, South Park ................•...............•..••...•..........•... 
Montgomery, South Park .......•..... · •............••••..•.•.•...•....... 
Farnham's Ran.ch, South Park .......................................... .. 
Salt-works, South Park ................................................... . 
Oro, Arkansas Valley .... . ...............................•...•..... : .... . 
Old Oro, Arkansas Valley._ •.•..•..•......... . ...•......•.••....•........ 
Dayton, Arkansas Valley ......••••............•••...•.................•• 
Granite, Arkansas Valley ........ :. _ ........•. _ •......•..••••...........• 
Mining Camp, in the Elk Mountains ..................................... . 

MOUNTAIN ·PEAKS. 

Platte Mountain, Colorado Range ....................................... . 
Pike's Peak, Colorado Range, (spirit-level) ................... __ ... --. : ... . 
Cameron's Cone, Colorado Range ........... . .......................... .. 
Cheyenne Mountain, Colorado Range.·--------------------- ............. . 
Bergen Peak, (at foot of Bergen Park) .................................. .. 
Highest summit in the Tarr·yall Range .................. " ............... .. 
Mount Guyot, Cross Range, betwe~Ii Middle and South Parks ............ .. 
Mount Silver heels, Cross Range, b tween Middle and South Parks ......... . 
Mount Lincoln, Cross Range, Qetw en Middle and South Parks, (spirit-level). 
Buckskin Mountain, Cross Range, between Middle and South Parks ....... . 
Quandary P eak, Park Range ........................................... . 
Station 52, Park Range ..................•••..•••....•....... __ _._ ....... . 
Horseshoe Mountain, Park Range ...................................... .. 
Sheep Mountain, Park Range ..... : .................................... .. 
Buffalo Peak, (highest,) Park Range .................................... .. 
Holy Cross, Sa wat.ch Range .....•.....•.......•... _ ....•....••••.......•. 
Massive Mountain, Sawatch Range ................................ -----·. 
Mount Elbert, Sawatch Range ......................................... .. 
La Plata Mountain, Sawatch Range ................. .. .................. .. 
Mount Harvard, Sa watch Range ........................ _:. ............. .. 
Mount Yale, Sa watch Range ......• _ .........•...• __ ••...... . ....... ~ .••. 
Mount Princeton, Sawatch Range ....................................... . 
Grizzly Peak, Sawatch Range .......................................... .. 
Station 75, Sa watch Range ......................... --- .. . .............. .. 
Park Cone, at head of canon of Gunnison River .. _ ...................... .. 
Station 63, Elk Mountains .................. · ............................ . 
Italia Mountain, Elk Mountains ........................................ .. 
White Rock Mountain, Elk Mountains ................ _ ................... · 
Teocalli Mountain, Elk Mountains ...................................... .. 
Crested Butte, Elk Mountains ........................................... . 
Gothic Mountain, Elk Mountains ........................................ . 
Snow Mass, Elk Mountains ................ -- ~ --- ........................ . 
Maroon Mountain, Elk Mountains ................. , .................... .. 
Castle Peak, Elk Mountains .........•. I •••••••••••••••• __ •••••••••••••••• 

Station E, Elk 1\1:ountains ............... . ............................... .. 
Capitol, Elk :!\fountains ................................................ .. 
Sopris Peak, Elk Mountains ............................................. . 

. PASSES l ND DIVIDES. 

At the bead of the Fontaine qui Bouille to H ayden Park ...•.............. 
.At the head of the Fontaine qui Bouille to Bergen Park ................. .. 
Hayden Summit, (Hayden Park) ....................................... .. 
On the Colorado Springs and Fairplay road, over the range bordering Son th 

Park on the east ...••...•••...... !' •• ••••••••••••••••••••••••••••••••••• 

Kenosha Summit, on the Denver and South Park stage road ... ~ .......... . 
Georgia Pass ............. _ •..•. ~ •..................•• _ .... ___ .......• _ .. 
Tarryall, or Breckenridge Pass, (approximate) ............................ . 
Hoosier or Ute Pass ....................... . ...........•• _ ......•.•••..... 
Summit of the Mosquito trail over the Park Range ...................... . 
vVeston's Pass, over the Park ~ange .................................... . 
Trout Creek Pass, over the Park range ......... .' ...................... - .. 
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Elevation, 
F eet. 
10,048 
9,743 

10,254 
9, 868 

a 10,621 
a Jl, 044 
a 11, 181 

9,548 
a 8,749 
a 10,704 
a 10,247 

9,441 
a 8, 883 

11,404 

a 9,203 
14;147 

t 11,460 
t 9, 948 
a 9,415 

12,327 
13.425 
13;767 
14,297 

a 14,166 
t 14,269 

13,928 
13,842 
13,292 
13,541 

t 14, 176 
t 14,368 
a 14,326 

14,302 
14,384 

t 14, 151 
14,199 
13,962 

a 13,315 
12,052 

a 12,142 
13,431 
13,847 

t 13,274 
12,014 

t 12,491 
13,961 

t 14,000 
14,106 

t 13 842 
t 13:992 
t 12,972 

a 8,625 
a 8,344 
a 8,882 

a 9,319 
a U,937 

11,811 
12 176 

a 11:540 
t 13,438 
a 11,676 
a 9,346 



680 GEOLOGICAL SURVEY OF THE TERRITORIES. 

Tennessee Pass, over main divide, at bead of the Arkansas River ..• __ ••.... 
Ma.in divide, at the head of Frying Pan Creek ........................... . 
Lake Cr~ek Pass, Sa watch Range ....................................... . 

Elevation, 
Feet. 
10,418 
12,017 
12,329 

Pa::>s at t.be bead of the North Fork of Lake Creek, ::;awatch Range ••.•.•.• 
Pass at the bead of Cottonwood Creek ......•......... :. ........ _ ..•....•.. 
Divide at the heads of the Gunnison and Roaring Fork, Elk Range .. ·----· 
Divide between Taylor's River and Cement Creek on trail of the party ..... 
Divide between Taylor's River and Cement Creek on the Indian trail. •.... 
Pass at the htads of East River and Rock Creek .... ·--~-- ..••..•.....••.. 
Pass at the heads of Rock Creek and Slate River .... ·-·--· ................ . 

t 12,462 
-'a 12,695 
a 11,795 
a 11,186 

10,675 
11,163 
11,679 

ELEVATIONS ON STREAMS, ETC. 

South Platte River. 

At Montgomery, (head) ......••..•.....•....•.•.. ·-·-···-·--· •••....••.... 
At Dudley, mouth of Buckskin Gulch ...........................•. _ ........ ~ .. 
At Fairplay ................•..•...........•.•..•.••...•..•.. ·-·--·· .•••..... 
At month of Little Platte ................................................. . 
At head of upper canon, (exit from South Park) ....•••... -~-- ............. . 
At foot of upper canon .... _ .•..•................... _ ..• _ .. _ .•... _ ....•...... 
At month of Tarryall Creek, (head of lower. canon) .. _ .•....... _--· ......... . 
At mouth of Trout Creek ...•.............••. --~--- .•••...••.•...••••..•...• 
At foot of lower canon ..... " .•........•. _ ............... _ ..... _. _ •.•.. _ ... . . 
At Denver ....••.••..... __ ..•.. _ •..• __ ..... __ .. · ..•. ___ .-. ...... " .......... _. _ 

Tarryall Creek. 

At H amilton ........•..••••..•.•......•.........•...••..••.••••. -·-· ..•... 
At exit from South Park .•...••.....•.....•..................•.•........... 
At mouth .. ···--· .........••....................••..•••.•...•.•...•....... 

A1·kansas River. 

At head, in Tennessee Pass ..••.••.••. ..•. ....... _ ........•..•••••.........• 
At mouth of East Arkansas ....•..••.......•..•..•••.•.....••.•.•.......•.. 
At mouth of Colorado Gulch .•• _ ••.......••..•.......••••.............. . ... 
At mouth of Lake Creek ............................... ·-·• ....•............ 
At mouth of Cash Creek ..........••...••••....••.•....••••• •·-· ..... · ..••.. 
At mouth of Pine Creek ...•..••.......... ·----· ..•.•. ~--· ....•..•.......... 
At mouth of Cottonwood Creek ................••......•.•• ·----· .•........ 
At mouth of Chalk Cl'eek .••.••••......•••....••....••••..•.. ··---· •.•...•• 

Gunnison River. 

At head .............• ___ •.••••..• _ • _ ..• _ ••.•.••..•••••••• _ •••.••...•..•... 
At mouth of Pass Creek .....•....••............•••..•.• · ....••••...•........ 
At head of canon .....•••••••.•• _ •••.•..•...... _ ........•••••••• _ ••... __ ... 

11,176 
10,621 
9,976 
8,683 
8,166 
7,623 
7,326 
5,876 
5,476 
5;176 

9,743 
8,754 
7,326 

10,176 
9,827 
9,586 
9,098 
8,883 
8 &20 
s:317 
7,877 

At mouth of East River .••• --~--- ••...•..... ~ ..•.•.....•••••••••••.•••..... · 

11,176 
9,869 
9,fi76 
8,176 

Roaring Fork. 

At head ............ . - __ ••.. _ •.........• _ .....• _ ..••• _ ........... __ ..•• __ •... 
At mouth of Hunter's Creek ............................................... . 
At mouth of Difficult Creek ................................................ . 
At mouth of Castle Creek ...••• ··-·-· ..•..•.•••.•••••.••••. ~---·· .•.•••...• 
At mouth of Frying Pan Creek ..••••.•.•.•.•••••..•••. ··---- ..••..••.••.... 

Frying Pan Creek. 

At head ...•..•••.••.••• - ................................................... . 
At foot of upper canon ... _ •....•.......•.••.....•..•.••••..•.••.•...... _ •.. 
At mouth ofNorthFork .......••.... " .....•..•••••.••... -•.. •• .: ••. .......•.. 
At head of box canon .................•.••• ····+ ......................... . 
At mouth .........•........••• ..- ..................... ·-•--· •···-· •••••..•... 

ELEVATION OF THE TIMBER-LINE. 

On Pike's Peak; east face ..•... _ .. ___ .. _ ........••... _ .•.. __ .•• _ ..• ~ ....... . 
On Mount Guyot, north face ..•••. "···-··----· .•......•• ·---•· ............. . 
On Mount Silverheels, northeast face, .•.•..•.....•.•. ··---· .................. . 
On 1r1ount lin.:Joln,·east face .••••. _ ............................ -·"'····-·-·· ··- • -• •• 

11,09"6 
10,326 
8,241 

. 7,942 
6,626 

11,012 
8,566 
8r176 
7,742 
6,626 

11,721 
11,811 
11, 5·19 
12;051 
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GOLD HILL MINING-REGION: ITS POSITION AND GENERAL 
GEOLOGY. 

BY ARCH. R. MAR VINE.* 

The accompanying map has been prepared to show the general out
lines of the country in the neighborhood of the Gold Hill and Ward 
mining-districts, in the mountains of Colorado, while the following 
;remarks explain briefly the position of the region in relation to the 
surrounding country, as well as its general geology, as determined dur
ing the explorations ·of the summer of 1873. 

Nearly parallel with, and a few miles west of, the western border of 
the country represented on the map, rises the main continental "divide" 
in a nort,h-and-south crest, which here reaches an altitude of nearly 
13,000 feet above the sea-level. · From the base of the main crest, a. zone 
of mountainous country extends eastward, which is cut through by the 
streams in a general east-and-west direction . 
. The intervening ridges are not sharp, but of a massive character, 
often with undulating surfaces, their higher points usually reaching in 
general a pretty uniform level, the rugg~dness of the country beiug 
produced by the deep canons of the .stream. It is a portion of this 
region that is represented on the map. 

At the east (near the border of the map) the region abruptly ends 
along a nea.rly north-and-south line, the. massive spurs falling to the 
zone of '"hog-backs/' or ridges of upturned sedimentary rocks, which 
lie all along the base of the range. 

The "red beds," probably of Triassic age, form the innermost ridge, 
lying directly on the .Archrean rocks of the mountains. These, in going 
eastward, are followed by the upturned edges of Jurassic shales, the 
Cretaceous groups, and the great Lignitic formation, of as yet disputed 
Cretaceous or Eocene age, which stretches eastward, and form~ the beds 
directly underlying the great plains. _ 

Boulder City is on the border between the mountains and plains, and 
is reached by railroad, Denver City being but twenty-five miles to the 
south and east. From Boulder City, wagon-roads up the various canons 
give access to the mines in the mountains. South of the region repre
sented on the map, from fifteen to twenty miles, is ClearCreek, much 
like the Boulder in general character, on the tributaries of which the 
better known mining-regions of Georgetown, Idaho, Empire, Black 
Hawk,._ and Central City are situated. 

The rocks of the mountains, as a whole, may be considered as being 
~omposed of a great series of metamorphic rocks of Presilurian age. 
Quartzites, siliceous, micaceous, some horn blendic and garnetiferous 

*The following · notes were originally prepared to accompany an article of Prof. 
Benjamin Sillirnan,jr., in the July number of the American Journal of Science, on the 
telluride ores of Colorado. 

They should have been printed with Mr. Marvine's report, but were accidentally 
omitted; but as they refer to the area occupied by the survey, and should form v, por
tion of the report proper, it seems advisable to print them in this connection. 
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schists, gneisses, and granites, all occur; the gneiss, with possibly gran
ite, in the greater proportion. While large areas of structureless gran· 
ite abound, appareRtly of so-called plutonic or eruptive · origin, search 
seldom fails in finding spots or areas more or less large of gneissic or 
even distinct schistose structure. The fact that these usually merge im: 
perceptibly into the surrounding granite, as well as conform in their 
strikes and dips to the general system of folds, as more plainly indicated 
perhaps in adjacent schistose regions, show that such granites have 
been metamophosed in situ, and are indigenous rocks. At the same 
time, sharp lines of demarkation, and the occurrence of dikes and allied 
features, show that the conditions of extreme metamorphism have prob
ably been accompanied by a great softening of the rock, allowing ready 
molecular re-arrangement into. structureless forms, and producing plu~ 
tonic and other appearances 'indicative of an exotic character. 

The same granite mass, approached from opposite sides, might convey 
entirely different impressions as to its origin ; a metamorphic indigenous . 
nature being indicated upon the one hand; an eruptive, exotic origin 
upon the other. 

I doubt if any of the large granite masses of the mountains are of-true 
intrusive character, and even if those ·Smaller ones which are clearly 
intrusive have come from great distances below, or are othe-r than of the 
same series of rocks melted by the heat accompanying the metamorphism 
of the mass. 

Along the south side of the map, and exposed by the canon of the 
Boulder Creek, are massive gray granites, with but few points where 
ai;}y structure was observed. ' 

-All along this half of the map, the general strike is approximately east 
and ~1Vest, with a northern dip. This is the case also along its west border. 
Near the north and east sides, however, the dip is south, indicating a 
synclinal structure running through the middle of the e~stern portion ·of 
the map. 

A horizon in which a definite schistose structure tends to occ.ur is in· 
dicated by the dotted area running through the center of the map. Some 
of the rocks here are distinct schists, but little changed, and include very 
irregular red and black banded mica-schists, garnetiferous, and some 
handsome, fine, and evenly-banded, gray gneissic ·schists. In places, 
this zone may be lost in granite, but opportunity did not offer to care-
fully follow it throughout. • . . 

Most of the granite on the north edge of the map contains little if any 
inica, tending to a reddish gra·nular aplyte. The schist zone shows the 
fold of the formation very wel1, some of them being very abrupt, and 
regions of great contortion. All the observed strikes and dips are in
dicated on the map, but. the general structure of so small an area cannot 
be well shown separated from the surrounding country. 

These schists and granites are pierced at many points by a number of 
dikes of felsite porphyry, which are also indicated on the map. Usually 
these form hills or ridges, and while some are quite long, the porp,hyry 
has apparently often found vent through less extended openings, now 
showing as sugar-loaf-formed hills, without the direction of the dike be
ing clearly indicated. Such forms are shown by a cross. The porphy
ries vary considerably in character, but no careful comparative examin
ation of them has yet been made. Some contain remarkably handsome 
crystals of feldspar, often of the form of the Carlsbad twins. · 

The tellurium ores of Gold· Hill occur in connection with one of these 
dikes, (see section beyond.) ~his dike varies from 45 to 35 feet in width, 
trends about north 30° east, and dip~ approximately soo to the n::>rth-
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west. On the east side is the Hed Cloud; on the west, the Cold Spring 
• mines. The former, upon a casual examination, showed a well-defined 

hanging-wall, or that on the side of the porphyry, a vein usually three or 
four feet in width, but in places pinching out to a few inches, with at 
one point a clay-like "gouge," and an indefinite foot-wall on the side of 
the coarse gneissic granite, which is here the country-rock. Some of 
the vein-matter appeared as if a decomposed granite, while the pyrite is 
the most frequently occurring mineral in the dull quartzose gangue of 
the vein. 



THE TELLURIDE ORES OF THE RED -CLOUD AND COLD SPRING 
MINES, GOLD HILL. 

BY B. SILLIMAN.* 

In May, 1873, I briefly announced the discovery of tellurium gold-ores 
' at the Red Cloud mine in Colorado, and stated that Prof. N. P. Hill, of 

Black Hawk, bad proposed to send me specimens of these ores.t The 
specimens sent by Professor Hill were long in reaching me, and it is only 
recently that I have examined them. The observations made in the 
summer of 1873 by the officers of Dr. Hayden's expedition have sup
plied the data needful to understand the mode of occurrence of these 
ores, for the details of which reference is made to Mr. Marvine's notes 
and map, which form part of this paper. ' 

It appears from them, in general, that near the mining-hamlet of Gold 
Hill, about twenty-five miles northw(lst of Denver City, and at an ele
vation of almost 8,000 feet above tide, is a wide dike of porphyry cut
ting the metamorphic rocks, probably of Arehman age, about six miles 
west of where the Triassic rocks die out at the base of the mountains. 

A section of this dike, A, furnished 
by Mr. Marvine, is annexed, showing 

~
1 ,,v-... ,'~ .. _-- -~ 1.r the tellurium- bearing veins B and C 

.. /:'>> b~''{! · 1· -~1~· ~;p.,. on its sides. The porphyry of which 
. r-:-.::;:_~\4 _;-~H;~t;~ .. ~.i~ it is composed has distinct crystals of 

~-'~~.:-~·:·-0" · ;~; 1-:</_i_.:.- feldspar implanted in a purplish-gray 
:-~i;.:";;;:·-::~~-:2.. ~(,~-4J,~f.--;;r paste. These crystals have a green-

A, porphyry-dike; B, C, veins with gold ish-white color, and -are evidently 
and tellurium-ores. pa,rtly decomposed. As seen in ami-

croscopic section, it shows the us.nal obscurely crystalline ground-mass 
of felsite, with crystals of quartz, and sections of feldspar crystals ,show
ing the parallel bands of a triclinic species. A glance at the map shows 
the position and course of this dike, and also the existence of other dikes 
of porphyry in the same region. The porphyry from the '' 7.30'' and 

• "Central" mines closely resembles that from the "Red Cloud," while 
that from a dike (No. 136) between the "7.30" and the "Americus" is 
distinctly trachytic, and that from the "Niwot" mine, at the·west margin 
of the map, (No. 181,) is a quartz-porphyry, with distinct crystals of 
biaxial mica. Those from the dikes at Jim Town, (specimens No. 147,) 
on the north border of the district, are distinct sanadin-tracbyte~ 

The tellurium-ores have been explored so far only in connection with 
the dike near Gold Hill, shown in the section, although they exist with 
the dike at '' 7.30" and the "Central." These ores are found along the 

*The substance of the following remarks was originally communicated at the April 
session (1874). of the National Academy of Sciences at Washington, and afterward 
appeared in the form of an article entitled "Mineralogical Notes; Tellurium Ores in 
Colorado; by B. Silliman," in the American Journal of Science and Arts for July, 1874, 
and from which they are now here reproduced by the permis6ion of the author. It was 
in connection with this article that the preceding notes on the general geology of the 
region about Gold Hill were prepared and approved. 

t American J onrnal of Science and Arts, HI, vol. V, 286. 
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line of contact of the walls of the dike, in a quartz gangue, associated 
chiefl,y with pyrite in small, brilliant, higbly-modi:tied crystals, and rarely 
with chalcopyrite and sphalerite. Professor Hill speaks (loc. cit.) of lead; 
but I have found no salts of this metal in the speeimens recei ,-ed. The 
quartz is chiefly hornstone and uncrystalline quartz, and, on the side of 
the country-rock, it js mixed with feldspar. Native gold is not vjj;ible 
in any of the specimens I have seen of this ore from below the surface; 
but where the surface is weathered, it exhibits free gold, arising from 
the decomposition of the tellurets. 

On the sides of the dike, the line of division is clearly defined, but not 
so on the side adjacent to the metamorphic rocks, it blending on this 
side with the granitic materials. The thickness of the veins varies from 
four or six feet to a few inches, but the rich tellurium-ores form a com
paratively narrow seam near the center of the vein. The Red Cloud 
mine, which is found on the under side of the dike, has been explored to 
a depth of a bout 70 feet. The Cold Spring mine is explored on the 
upper side of the dike. The tellurium-ores are not found in the body of 
the dike, but have (owing probably to the long-continued high tempera
ture of the dike) found lodgment in the granite outside of the walls, and 
not in immediate contact with them. 

The species at the Red Cloud mine are nati\e tellurium sylvanite and 
hessite, (which has been called petzite.) The simplicity of the mineral
ogy of this locality is in strong contrast with what is found in the tel
lurium-veins of ~rransylvania, which are mentioned more particularly 
farther on. 

Native telluri'um.-The occurrence of this rare species in the United 
States, in California, was mentioned by Dr. Genth, with a query, in his 
Contributions to Mineralogy, No. vii, (American Journal of Science, II, 
xlv, 313.) Its existence in the Red Cloud mine is unequivocal. It 
was simultaneously, yet independently, detected by Dr. Endlich and 
myself in a small specimen from the collection made at the mine last 
summer, and now forming part of the Smithsonian collection in Wash
ington. It did not exist in the collection of those ores sent to me bY. 
Professor Hill. The hexagonal cleavages are perfect, and one small 
and very perfect crystal was found, which has been measured by Mr. 
E. S. Dana. Its reactions before the blow-pipe are perfectly in accord
ance with those of the species. It contains no selenium and only a trace 
of gold. 

Auriferous hessUe.-This mineral has been spoken of as petzite; but 
it contains much too little gold for this latter species.* Its specific 
gravity is 8.6 ; luster splendent when freshly broken; fracture conchoi
dal, brittle, but somewhat malleable; under the pestle laminates into 
thin scales, and is with difficulty reduced to fine powder, leaving on the 
agate sprfaces metallic streaks of plumbago-like colqr. Color telluric, 
tarnishes blackish on exposure, sometimes irridescent. Cleavage none. 

Before the blow-pipe in the closed tube, the pure mineral (with no 
trace of pyrite) decrepitates, fuses to a globule adhering to the glass, 
and exhales a white sublimate, fusing into clear, colorless globules. 
Alone on coal, in both flames, it gives a globule, coats the coal with the 
characteristic areola of tellurium and tellurous acid; it does not exhale 
any odor of selenium, nor show any trace of lead. The globule is non
magnetic if pyrite is absent, and does not vegetate with silver as hes
site does "\'Y'ith soda; it gives a large bead of silver, which dissolves in 
nitric acid, leaving gold in powder. · 

*Mr. A. Eilers, M. E., in a notice of the Red Cloud mine, in the Tran~actions of tbe 
American Institute of Mining Engineers, vo1. i, p. 315, considers it petzite. 

44 G S • 
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Cupellation gave, gold~ 4.40 per cent.; and silver, 50.9() per cent. 
By a partial analysts I found, in the wet way, gold, 7.131; silver, 51.061 

per cent. Understanding from Dr. Genth that be is engaged in the 
chemical investigation of this species, as well as of the other tellurium 
minerals of the Red Uloud mine, with abundant material, I have will
ingly abandoned this work to him, satisfied that it cannot be in better 
hands. 

Sylt'anite.-This species from the Red Cloud miue yields in the open 
tube a faint odor of selenium, and the gray ring of tellurium is preceded 
by a slight reddish ring of selenium. In the closed tube, the ring of tellu
rium is more distinct, and the deep yellow-brown vapor of the metal is 
dearly seen, but the selenium is not evident. 

Alone on the coal it fuses with exhalation of the odor of selenium and 
itR well-characterized blue flame. The first touch of the outer flame 
causes a liquid fusion, coating the coal, like argentic nitrate, with a 
silver film, and a yellow areola appears before the white film of tellu
rium-oxide. Continuous flaming in the reducing-flame produces a well- ' 
marked yellow-brown areola within the tellurium-ring, becoming, as it 
cools, much more brown. It probably contains lead and antimony. Its 
reactions are not those given by Berzelius for sylvanite. It contains by 
assay gold and silver in the proportion 1.7 to 1. In the formula, (Au 
28.5, Ag 15.7,) tbe ratio of the gold and silver is 1.8: 1. My stock of 
this species was not sufficient to permit a determination of the specific 
gravity. 

Professor Bill, who has smelted large quantities of the ores of the Hed 
Cloud mine, informs me that "these minerals exist in this ore as minute 
particles, or so finely divided as to proclnce the effect of a stain in the 
rock. One of the specimens sent-tlle darkest colored-assayed here 
wasfound to contain 1,890 ounces of gold and 5,300 ounces of silver to 
the ton of 2,000 pounds"-about $50,000 in valu'e. 

Comparing what is known of the mineral associates of the tellurium
ores of _Colorado with those of Transylvania, as described by von Cotta, 
the .great simplicity of the mineralogy of the Colorado veins becomes 
ver,Y conspicuous. The age of the porphyry-dikes which cut the Ar
chrnan rocks of Colontdo has not been determined; but it is probable 
that thev are more recent than. the Triassic rocks which flank the base 
of the m~ountains. The tellurium-veins of Offenbanya are accompanied 
by igneous rocks of more recent date than the Eocene sandstones, and 
tbose of N agyag exist only in connection with igneous rocks, also of 
probable Eocene age, (called b.Y von Hingenau "greenstone-porphyry,") 
and composed of feldspar and amphibole, which have broken through 
sandstone and argillaceous shales. 

In Offeub{tnya, the tellurium-ores occur under Yery peculiar geologi
cal conditions; that is, in veins in igneous rocks anu in segregated 
masses in granulcn· limestone. The Yeins occupy thin clefts, fifteen of 
which on one property are tolerably parallel to each other, (east and 
west, dip 300-400 north,) with an average width of about an inch, and 
they carry chiEfly sylvanite, and nagyagite, spaTingly distributed, and 
more rarely native gold. The chief matrix is quartz and diallogite, as
sociated with pyrite, galenite, sphalerite, stibnite, native silver, and 
pyrargyrite. 

The gangue of tlle Nagyag lodes is diallogite, or brown spar, or cal
cite, or born stone and quartz; it varying in the different lodes and in 
different parts of the same lode. The gold-bearing tellurium-ores are 
scattered through this gangue with mangan-blende and pyrite. The 
chief ores worked are nagyagite, sylvanite, gold, auriferous iron pyrites, 

• 
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argentiferous tetrahedrite, native silver, and galenite. Associated with 
these are hessite, bournonite, jamesonite, ba.rite, sphalerite, stibnite, 
native arsenic, realgar, orpiment, silver-glance, chalcopyrite, marcasite, 
native copper, malachite, pyrrhotite, sulphur, &c., with various epigene 
species. In all, over forty mineral species are enumerated as found in 
the veins of N agyag. Compared with this abundance, we find at the 
Red Cloud mine only native tellurium, sylvanite, hessite, pyrite, chal
copyrite, and more rarely galenite and sphalerite, with native gold and 
an epigene species at surface. The gangue-stone is hornstone or chalce
donic quartz, with feldspar. 

Possibly explorations at greater depths may develop other species, 
but this result has not followed the deep-workings of the· silver-mines in 
Nevada, where, at the depth of 1,500 feet, the number of species found 
is not greater than it was at the surface. A like paucity of species 
characterizes the metamorphic and volcanic rocks of the Sierra Nevada 
in California. • 
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NoTE.-For alphabetical lists of minerals and rocks, (not repea.ted in the following,) see pp. 267, 270, 
and 356; for list of elevations, pp. 657-659. 
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Alluvial deposits .. . .. .. .. .. .. .. .. 350 
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Americus mine.. • • .. .. .. .. .. • .. • .. 35:3 
Amethyst ...... ...... .... ........ 267 
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Fairplay . . . . . • . . . . . . . . . . . . . . 654 
Golden . . . . . . . . • . . . . . • • . . . .. . • 653 
Indianapolis................. 645 
Kansas City ......•.......... 650, 651 
Lake Erie • . . . . . . . . . . . . ..•. 634, 635 

Huron................ 637 
Michiga,n...... .. . . . . . . 637 
Ontario . . . . . . .. . . . . . .. 6~3 

Memphis .. _... .. . . . . . . . . . . .. 654 
Mount Lincoln . . . . . . . . . . . . . . 654 
Ogden . . .. .. . . . . . . .. .. . . . . . . 653 
Ohio River.................. 655 
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173,180 
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Empire ............... ·.... 234 
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Mosquito ................. 228, 229 
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Gunnison River .............. 246,247,340 
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Valley . .. .. . .. .. . . .. .. .. G7, 58 
Guyot, Mount...... .. .. .. .. .. . .. .. 213 
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Hayden, F.A.J 98, 102, 104, 106, 107,120, 123, 

126,127,130,133 
report of........... 17 

Park..... . . . . . . . . . . . . . . . 210 
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Hill, Charles . . . . . . . . . . . . . • . . . . . . . 43 
Hodge, James T ................. 106~ 120 
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Eo basileidm ................. 462, 483, 485 
Ephemera ................... 578, 582, 603 

· compar . . ..... 578, 579,603,605 
Danica.... .. . • .. . . .. .. . 580 
decora ........ 578,579,580,603 
glaucops. . • .. .. • .. • . .. .. 579 
guttulata ....••••.. 579,580,603 
lineata .. • .. . . .. .. .. .. . . 578 
lutea....... .... .... .... 578 
myops .... . ...... ...... 580 
natata ............ 580,581,603 
vulgata . .. .. . .. .. .. .. .. 581 

Ephemerina ........•••.•.•.. 578, 603, 605 
E picallia virgiualis ......... ~. . . . . 559 
Epicautamaculata....... .... . .... 570 

pruiuosa .. .. . .. .. • . .. .. . 570 
Epitheca ........................ 590, 604 

arctica ................. 590, 591 
forcipata ............... 590, 591 
semicircularis ....... 590, 604, 605 

Equisetum Haydenii ....•.••. 386, 388, 390 
lmvigatum ........... 380, 395 
limosum...... .. .. .. . .. • 384 
Wyomingeuse ........ 388, 409 

Equus ·----·------·----·--------525,528 
Erax ............................ 563, 565 
Erebia Epipsodea...... ...... . .... 542 
Ere bus odora .. ~... . .. .. .. .. . .. . .. 554 
Ericacem ...... .... . .... .... .. .... 375 
Erin ace us , .. .. . .. .. .. .. .. .. .. .. . . 473 
Eriocaulon porosum ..... , ....... 380, 396 
Erirhinus .. .. .. . .. . .. .. .. . . .. . . .. 570 
Erisma top terns ........ ~ ~.. . . . .. . . 461 
Eristalis . . . . .. • .. . . .. . . . .. .. . .. .. 564 
Eroty lidm...... . . . . . . .. .. .. .. .. .. 570 
Erotylus Boisduvalii. ............ 570, 571 
Estheria .......................... 618 

Belfragei .. .. . . .. . . • .. . .. 619 
Caldwelli.......... .. .. .. 619 
Californica ............. 617, 618 
Clarkii .. .. .. .. .. .. . . .. .. 619 
Dunkeri . .. . . .. . .. . .. . .. . 619 
J onesii .. .. .. .. .. .. .. .. .. 619 
Morsei .. .. .. .. .. .. .. .. . . 619 

Estheriadm ...................... 613, 618 
Estberim _........................ 617 
Ettinghausenia .. • .. . .. .. .. . .. .. .. 424 

Sternbergii.. ...... 424 
Euaspilates spiuataria ........... 547, 551 
Eubranchipus .... .... .... .... .... 622 

vernalis............ 622 
Eucalyptus americana .... .. .. .. . . 389 

Hmringiana .......... 377, 382 
Italica.... .... .... .... 375 
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Page. 
Euchretes Egle . . .. . . . . . . . . . . . . . . . 558 

Oregonensis . . . . . . . . . . . . 558 
E udam us Ti tyrus _ ... _ . . . . . . . . . . . . 542 
Eugenia laurifolia .. -~. . . . . . . . . . . . . 375 
Euleucopbreus tricolor ...•.... _. _. 557 
Eulimnadia Agassizii. .. .. . • . . . .. • 618 

Texana... ... ...... .. . 618 
Eumacaria bruunearia . . . . . . . . . . . . 553 
Eumeces fasciatus . .. . . . . . . . . . . . • . 514 
Eumys . •.••.. .. . . . .. .... ..••... .. 474 

elegans...... .... . . . .. . .... 474 
Euomphalus .. __ .... _ .... _ ....... 208,230 
Euptneta Claudia ...... _ ......... _ 542 
E-uryomia inda ...... __ ... ___ . .. . . . 569 
Eurytrichus terminatus ....... _. _ _ [l68 
Exoprosopa ......... __ ..... __ .. . • [l62 

decora . __ . _. . . . . . . . . . 562 
Exostinas ............ _. ___ . . 513, 515,516 

serratus----............ 514 

Fagus Antipofi. __ ....... 385,386,387, 388 
Deucalionis .. _ ........ 385, 386, 387 
feronire ....... 381, 383,389,390,413 

Felis ........... _ ........... _.... . 509 
Fen estella .. _ ...... .............. 339, 341 
Fiber ............... ..... ___ . .. .474, 477 
Ficus ... _ . ........ · ....... 37 4, 376, qs, 421 

arenacea ........ _ .. _ . . . . . . . • 387 
asarifolia .................. _ 381 
auriculata ............... 381, 385,386 
Bolcensis . . . . . . . . . . .. . . .. . . . 375 
cinnamomoides. . . . . . . . . . . . . . 381 
Clintoni............. • . . . .. . . 381 
corylifolia ...... .... ...... .. 381 
Gaudini ...•...•... 385, 386, 387, 388 
Goldiana •• . . . . . • • • . • . . . . . . . . 381 
Haydenii . . . • . . . . . . • .. . . • • . . 381 
Jynx ......••............... 389, 414 
lanceolata .. 376, 387, 388, 389, 390, 414 
Iatifolia .••.............. _. _. 381 
multinervis .••••..•.... 375, 376,387 
oblanceolata .. _... . .. . .. . .. . 387 
planicostata ... 373,376,381,384,399 
platinervis ..... _.. . . .. .. • .. • 377 
populina.. ••• . .. .. . • . . . •• . .. 389 
Schimperi _ ....... _ ......•.. 377, 381 
spectabilis. _ ..... ___ .... " .. 203, 38l 
tilioofolia .. 203, 381,383,385,387,388, 

399 
truncata .................... 381, 400 
ulmifolia ................... _ 381 
Ungeri. ... ---· .... . .... .... 389 
zizypboides ............. ___ . 381, 399 

Fidonia...... ...•.. .... ........... 551 
acidaliata... . .. . . .. . . . • • . .. 551 

Flabellaria .. _ •.....•.••..• •.... . . • 375 
eocenica . ___ .......... _ 380 
fructifera ..... __ ~ •.... 380, 396 
latania .•.......... 376, 380,383 
lo_n~ira?his .... 376, 380, 383, ~£16 

. Zm.Kem _ ......... __ .. 376, 380 
Formica ... _ •... ___ ...... _ .. _. . . . . 541 
Fraxinus denticulata .......... __ . 385, 386 

proodicta •........ _ .. Rl, 389, 414 

Galeopithecus. _................... 473 
Gammarus lacustris _______ . . . . . . . . 609 

limnoous ......... . . _ ... 609, 610 
robustus ....... _...... 610 

'Page. 
Gastrus eq ui .•.••........... _. __ .. 564 
Gecconidoo ................ ~ ...... 512 
Gelocns .......•........•....• , .. _. 500 
Geophilus . . . .. . . . . . . . . .•. . .. .. . . . 607 

brevicornis .• ~ ••...... _ . . 607 
Gerrhonotidoo ...•......•.. ~ ...... 512, 513 
Gerrhonotus ... __ ... __ .. .. . . . . . .. . 513 
Glyptostrobus europoous .. 1 ..... 81, 388,409 
Gnopbcela vermiculata... .•. . . . . .. 559 
Gomphina ... _ ................... 591,604 

colubrinus.... .... ...... 592 
Gomphus .................. _ .597, 598,604 

olivacens .... - .....••••. 597, 604 
Gonia . __ ......... _ .... _.. . . . . • . . • 564 
Goniatites ........................ 339,341 
Goniopteris polypodioides .... 376, 380, 394 
Goniotaulius ..... _ .. ~ ... 600, 602, 604, 606 

griseus .............. 600, 604 
Gorytodes uncanaria ..... _. _. __ ... 551 
Grapta zephyrus .....•... _.. . . . . . • G42 
Greviopsis. __ ..... _ . . .. . . . . • . . . . . . 424 

Haydenii...... . . . . . . .. . 424 
Guayacites Heerii...... . . . . . . .. • . . 375 
Gymnogramma Haydenii .... 380, 384, 386 
Gymnoptychus .................. 476, 477 

cbrysodon. ~ ___ ... .. 477 
minutus .. .. . . . .. . . 476 
nasutus . .. .. . ... . . 476 
trilophus .. .. . ... . . 476 

Gyrinidoo .......... _ ........• _ .. . . 568 
Gyrinus affinis............. . . . .. . . 568 

maculiventris...... . . • •. . 568 

Hadrian us corsonii................ 511 
Hadrosanrus .. - .. . . • . . • . . . . . . . . . 446 

foulkei ............ .134, 451 
mir.abilis...... ....... 434 
occidentalis •..•.... 433, 446 

Hallesus . . • • . . • . . . . . • . • .. . . • • . . . . 602 
Halocbloris cymodoceoides.... • • . • 375 
Halymenites major .. 371, 376,379,381,384, 

38,, 388 
minor ..• .: • . . • . • • .. . • 380 
striatus ..••.. ....... ;{79 

Haploscapha. •.•••• .... .••••• •••. ~55 
capax................ 4'>6 

Haploscaphidoo ..••. '. • .. . . • . . • .. . . 4t5 
Harpalus ...••...••••• :..... .•.••• 559 

·reneus •••........ '.... .•.• 559 
arnputatus............... 568 
caliginosus...... ••••• •••• 568 
ellipsis .........•...•••.• 568 
funestus ..•• .... .••••• •. . 568 
oblitus ... _ .. .. .. •.. .••••• 568 
opacipennis.... .... ...••• 568 
pleuriticus .•••.. .•.. •••• 568 
ruficornis _ . . . . • • • • • . • • • • • 559 

Helicidm . . . . .. • . • . . . . • . . . .. . . . . • . 623 
Helicoceras. .. . .. . . .. . . . • . . . . . . . . . 455 

vespertin 111'!.... . • • • • • . . 455 
Heliothis armigera ....•. _..... . . • • 555 
Heliscornys.... .. .. .. . .... ...• •.•• 475 

vetus...... . . . . .. . . .. . • 475 
Helix pulchella.... . . • • . . . . . . . • . . . 623 
Heloderma .. _ ..... _ ......... _ . _. . 513 
Helopbilns bilineatns...... ...••.. 564 
Hemerobina ................. 599, 604,606 
Hemerobius .............•.•. 599, 604,606 

alternatus............. 599 
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Page. 

Hemileuca .... -·····--· .. ---- .... . 557 
Hera ....•••.......••. '. . &57 
Diana... . . . . . . . • . . . . . . . 557 
Io .... ..•••. .... ....... 557 
Juno................... 557 
Maia ...............•.. 557,558 
Nevadensis ....... ...... 558 

Helilipenthes seminigra.... . . . . . . . 563 
Hemipronites ............ , ....... 3i39, 341 

crassus.... .... ...... 252 
crenistria . . .. . . . . .. . 341 

Hemiptera.-.-- ............... 539, 540, 541 
Hemitelites Torelli...... . • . . . . . . • . 388 
Hepialm pule her .. . . .. .. .. .. . .. .. 556 
Heptagenia .................. 581, 583, ~03 

brunnea .•.•.. ·-----~-581,603 
pudica ... 581, 582, 583, 603, 605 

Herpetogomphus ...... , .......... 597, 604 
compositus ...... 597, 604 
viperinus . . . . . . . • 597 

Herpetdherinm ..... 465, 468, 469, 472, 473 
fngax 465, 466, 467, 469,470 
hun tii . . . . . . . . . . . . 4C6 
margina1e....... .. 468 
scalare ........... 466,467 
stevensonii .... . . .466, 467 
tricuspis . . . . . . . . . . 466 

Hespma tesselata . . . . .. . . . . . . . . . . G42 
Hespemus brevifrons .. _ .... __ ... 561,562 
Hetuma ........................ 5a8, 604' 

Californica ...........•. 598, 604 
Hetercriuus...... ......... ...••.. 307 
Hi ppdamia convergens. . . . . . . . . . . 570 

parenthesis ......... 541, 570 
5-signata . . .. . . • .. • • • 570 

Hipppotamus... ••• .. .. .. .. . .. . .. 463 
Hipotherium .......• ~-- 519,522,525,529 

paniense............ 522 
speciosum. . . . . . . . . . • 522 

Hi,erid3( . . . . .. • • . • • . • . .. .. . .. . . . 568 
RcDalota ...• •••• .... .... ...... .. 568 
H:nocamelus .... _ . . .. . . • . • • . . . . . 530 

' caninus .••••. .••••• 530 
J>plophoneus . . • . . . .. . • • • • . . . .. . . 509 
· · oreodontis.. . . • • • • . • 509 

.:lyremoschus •••••• .•.••. .•.•.. .. . 500 
,Hyrenodon ...................... 461, 505 

crucians ............. .429, 505 
horridus ....••••••••.. 429,505 

Hya1 e. . . . • • • . . • . • • . . . . • . . . . • . . • • • • 608. 
Hyalella • • . • • . . • . • • . • . . . . . . . . • . . . 608 

dentata .•.••...••••..... 608, 609 
inermis ................ ; . 609 

Hydnocera su bfasciata.... .. • • • • . . 569 
Hydrrecia lorea.... • . .. . . . • . . . . .. . 555 
Hydrobius fuscipes.... •.•••. ..... 568 
Hydrophilidre . . . • . • . • . . . • . . . . . . . . 568 
Hydrophilus lateral is...... . . . . . . 568 

sublrevis . . . . . . • • • • .. 568 
Hydropsyche .... ...... ..•. •..••.. 574 
Hymenophy llurn confusnm. , ..•.. 380, 395 

cretace urn . . • . • . . 423 
Hymenoptera ................... 540, 541 
Hymenorus obscurus...... . . . . • . • . 570 
Hyopotamus ...•.••......•...... :. 462 
Hyopsodus ...................... 436,461 
Hypertragulus ..••......••...•.. 464, 502 

calcaratus~-------502,503 
tricostatus ... . . • . . . . 503 

Page. 
Hypisodus ....................... 464, 501 

minim us ............• .464, 501 
Hyposaurus vebbii..... . . . . . . . . . . 431 
Hypsibema .. .. . . .. . ... .. . .. . . .. .. 448 
Hypsipetes Californiata.... . . . .. . . 551 
Hyraehyus . . . . • . . . . . .. . . • . .. . . . . . 461 
Hyracodon .... .•.... ...... ....... 493 

arcidens... . . . . . . . . . . . . 493 
nebrascens~--429,493,494,495 

Hyracotherium ................. .436, 461 

Ichneumon . . . . . . • . .. . .. . .•. . . . . . . • 541 
Ictops ............... .... : . ...•.. 470,472 

dakotensis ............... 464, 472 
Ilex. . . . . . . . . . . . • • . . . • . . . . . . . . . • . • 422 

affinis ..... .... .... ...... ...• 389 
sphenophylb ..........••..... 81,415 
stenophy lla.... . . . .. . . . . . • . . . . 389 
subdenticulata ............... 389, 416 
unclulata .................... 389, 416 

I nocellia . . . . . . . . . . . . . . . . . . . . • . • • . 600 
Inoceramus _ .18, 25, 26, 27, 38, 64, 65, 68, 78, 

. . 79, 104, 155, 166,179, 185, 190, 
196, 202,259, 302,315,317,330, 

340,34:2,368 
acntirostris.... . . . . . . • . 179 

Inbt.himus sublrevis... ...... ...... 569 
Ips Dejeannii...... • . • . . . . . . . . . . . . 568 · 
Iris tenax ....................... 570, 571 
Isacidre ......................... 466,472 
Isacis ....................... 470, 472, 473 

caniculus ..... . ............ 465, 473 
Iscbuura .................... 598, 604,605 

iners ................... 598, 604 
Ischyromys...... . .. .. . . . . .. .. . . • • 477 

t~ypus ................ 429, 477 . 
Ischyrosaurns antiquus . • . . . . . . • . . 433 
Isogenns ..•.••..•......••...•... 576,603 

. colubrinus .............. 576,603 
elongatus ...... 576, 577, 603, 605 
frontalis ................. 576 

Isospondyli....... . . . • . . . . . • . . .. . . 432 

Juglandites ...... .... .... .... .... 424 
Juglans acuminata .. 3t:i3, 387,388,389,390 

appressa ............ 382, 385, 386 
Baltica...... . . . . • • • . . . • • . 383 
denticulata ..... 385, 386,387,388, 

389,390 
Laharpii . . . . . • • • . . . . . . . . . 375 
@btusifolia. ....•. ..•... .. 385 
rharnnoides .......... 333,385,386 
rugosa ...•...... 382,383,385,387 
Saffordiana...... . . . . • . . . . 382 
Schimperi. .......... 383, 389, 390 
Smithsoniana...... . . . . . . • 383 
thermalis....... . • .. • . . . . • 389 
W oodiana • . . • . . . . • . . • . . ..• 385 

J ulns ....•.... ·--. . . . . . . . . . . . . . . . . 607 
impressns .. . ... • . . . .. . .. . . . . 60']: 

Juncos ............... ------...... 389 

Lacertidre . . . . . . . • . . .. . . . . . . .. . . . . 513 
Lacertilia ..•.........••..•....•. 463, 513 
Laccophilus truncatus . . . . . . . . . . . . 568 
Lrelaps. . . . . .. . . .. . . . . • • • . . . • . . . . • 448 
Lampronota •••... ···--· ... . .... .. 541 
Laphria...... ...... .. ....•. ...••. 563 

bi-lineata.......... •. . . . . . 563 
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P age. 
Larentia cresiata . . . • . • . . • . . . • . . • • 549 

dilutata ..•••.•••.•...... 544 
Lastrrea Styriaca . . • • • . . • . . . . . . . . . 418 
Latanites parvulus . . . • • . . . . • . . . . . 375 
La urns...... . . . . . . . . . . . . . • • . • • . . . 421 

Colombi ------ ...•••..... . 381, 384 
Forbesii . • • • . . . . • • • • • . • • • • . 375 
pe~a~a . -.-- . ..•....••. 377, 3~1, 38~ 
pnm1gema .•............. 3t4, 38<> 
sessiliflora .•.••...•••. 385, 386, 407 

Leguminosites ................... 390, 418 
Lepidoptera,539,540,541,543,546,599, 615 
Lepidurus.... . . . . . . • • . . . . . . . . • . . . 619 

. glacialis .....•••....... 616, 619 
productus. ----- . .... . .. 619 

Leptauchenia calcarata ...... _·_... 502 
minima............. 501 

Leptesthes crassatelliformis . . . . . . . 436 
Leptictis .............•.•.••• 470, 471, 472 

haydenii • • . • . . . . . . . • • • • • 464 
Leptidre. . . . . . . • • • • • • • • • • . • • .. . . . . 563 
Leptochrerul' ....... ...... ...•.. . . 510 
Leptoglossa . . . • • • • • • • • • .. .. • .. . • • 512 
Leptomeryx ...•••.....• ~----501,502,503 

evansii ......•••. 464,502,503 
Leptophlebia .............. . .... 582, 603 

helvipes.... ••.•. .... 582 
:gallipes ............ 582, 603 

Lepus· .•...•.•••• ---~--........... 477 
Lestes .......................... 598, 604 

congener ............. 598, 604,605 
disjuncta .•...•••••..•.•.. 598, 604 
forcipata .... .•.. .......... 598 
hamata .......•.••••• 598,604,605 

Libellula .................... 583, 587,603 
composita .............. 587, 603 
crocei pennis •.•••••. 586, 587, 603 
flavida ................. 587, 603 
forensis ..•...••••••..••. 585,603 
nodistica •......•••. 583, 585, 603 
pule bella ............... 585, 603 
4-maculata ............. 583, 603 
saturata .••••••......... 586,603 

Libel1ulina ...................... 583, 603 
Limenitis W eidemeyerii.... . • • . • . • 542 
Limnadella coriacea . . • • . . • . . • • . . • 618 

Kitei .. .. . .. • • • . .. .. . . 618 
Limnadia .•••........... 61:~, 614, 615, 618 

Agassizi........ •• .... . . 618 
Americana.... .. .. . . • • • . 618 
coriacea . . . • . . . . • . . • . . . . 618 
gigas .......•..•••.•..• 615,618 
Hermanni .. .... .... .... 616 
Texan a ................ _ 618 

Limnadiadre .............. _ ..... 613,617 
Limnrea ......................... 341, 343 
Limnephilidre ........... ·---. .... 602 
Limnephilus . . •.......•. 600, 602, 604, 606 

rhombicus .......... 600,606 
Limnetis .. • • • . . . . . . . • . • . . . . . . . . . . 618 

Gouldii •.......... _ • • . • . 618 
gracilicornis •.. ·_ . . . • • • . . . 618 

Lingula •..••••••••..•....•••. 35, 201,208 
Lingulepis . . .. . • . . • • • • . . .. • . . • . . . 208 
Liquidambar gracile ........••... 387, 422 

integrifolium........ 422 
Liriodendron ...•.••••...••.. 377, 385, 422 
Listrus senilis . . . . . . • • . • • • . • .. • • .. 569 

Page. 
Lit hobiu.s .......... -- .... --... .. . 607 

American us ........... 542,.607 
paucidens • • . • . . . . . . . . .. 607 

Li thosia a.rgillacea. . . . . . . . . • . . . . . . 559 
Lithostege rotundat a ...... . ..... _ 547 

triseri ata .....••.. ----547,549 
Lobophora carpinata .. . . .. . . •• . • •• 549 

hal terata .• . . .. . . . . . .•• 549 
montanat a ............ 547,~49 

L omatia ............ - .... ---- .... 277 
Boleensis . . . . . . . . . . . . . . .. 376 
latior ............. ~ . . . . . . 376 

Lophiodon . . . . . . . . . . . . . . . . . . . . . . . 461 
L oxolophodon cornutus .......•.. 456, 457 
Loxonemia ..............••...• _. 252 
Lucanidre .. .... .... •... .. .. .. .. .. 569 
Lycama Acmon.. .. .. . ... . .. .. .. .. 542 

rustic a .. ~ . • . . . . . • . . • . . . . . 542 
Lycopodium prominens ........• 388, 409 
Lycosoidre . . . . . . . . . . . . . . . . . • • • . . 542 
Lyda Carpenterii •.. . . . . .• . . . . . • . 541 
Lygreus circumcinctus . . . . • . . . . . • 541 

reclivatus .......•...... .>39,541 
Lygodium com pactum . • . . • • . . . • . 380 

neuropteroides . • • • . . . • 388 
Lymnetis . . . • . . . .. . . . • .. • . . . . . . . 613 
Lytta Nuttalli. ................. . !70, 571 

sphrericollis ..•.......... .- . 570 

Maca ria C!1liforn iat a . • • • .. • • • . • • . . . 553 
d1spuncta .............. 59, 553 
enotata ...••.•...•••.•..• 553 
sex-maculata .. • .. • • .. • •.• 553 

Machrerodus ..................... 5u, 509 
oreodontis .......... -~ 509 

Macrauchenia ...... .... ..... .. .•. 499 
Macrosila quinque-maculata....... 559 
Magnolia ...•...•......•.• -.•••.. 376121 

alternans • • • • . . . • . • • • • . . • 76 
capellini. : .. .. .... .. •• .. . f6 
cordifolia. . . . . . . . . • • • . . . . •2 
Hilgardiana,377, 382, 383, 385, iS 
Inglefieldi ••. ~ .•.••. 382, 387, ~ 
1aurifolia . . . . . . . . .. • . . . . . 3&. 
Lesleyana ...... 377, 382, 383, 403 
ovalis . . . • .. . . . .. • . .. • • . • 382 

Malachidre . . . • . . . . • • • • • . . . . . . . . . • 569 
Maruestra picta.... .•... .... ...... 555 
Marmopteryx marmorata.... . . . • • • 552 

tessellata . • . • . • . . . . . 552 
Martes . . . . • . . . . . . . • • • • . . • • • . . . . . . 520 

mustelinus. .... ..... ....... 520 
Mastodon . ...................... 519, 531 

mirificus . . . . . . . • .. . . . . . 532 
Ohioticus ............. 519,532 
proavus .. . •.• . ... ... ... 531 

McClintockia Lyallii.. . • . • . . .. • • .. 382 
Meekia ...•. , . • . . . . . . . . . • . . . . . • . . • 455 

bullata ...... .... .... ...... 455 
sella. . . . • • . • • • • • . • . • • . • • • • • 455 

~fegaceratops acer................ 488 
coloradoensis . • • • • . . 430 
beloceras ....•.•... 487,492 

Megacerops coloradensis .•.....•. 484, 485 
Megalaspis . . . . . . . • . • .. . . • .. • • ... • • 208 
Megalosaurus . . . . • . . ..••... ~- • . • • 445 
Melanippe conoordata...... . • • . • • . 550 

gothicata . . • . . . • . . . • . . . 550 
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Melanippe hastata . . . . • . . . . . • . . . . . 550 
Kodiakata....... . . . . .. 550 
luctuata ..•••• : . . . • . • . . 550 
lugubrata ....•...•... 544,550 
tristata.... .. . . . . . . . . .. 550 

Melanophila longipes • . . . . . . . . • • . . 569 
Melitbreptus ...•.....••• ···-·· .. . 564 

cylindricus • • • • • • . . . . 564 
Meloe near angusticollis...... • • . . • 570 
Meloidm...... . . . • • • . . • • • • • • . • • • • . 570 
Menotherium ... •.. ... . .. ... ••.•.• 510 

lemurinum . . . • . •• . . . 510 
Merycbippus ••••••.•.•......•... 524, 528 
Merychyus ......••••....••..•..• 462, 529 

- elegans •......•. ~ • . • • • • 529 
major.................. 529 

Merycodus ...... .••••. .••••. •..•. 531 
gemmifer . • . . • • . • • • . • . . 531 

• necatus .............. . 1• 531 
Mesonyx . • . • • • • •.• ..• . . . . • . . . . • . . . . 461 
Mesotbemis ..••••••••••.••••••.. 587, 603 · 

collocata .•••••..•.... 587, 603 
corrupta ..•..•... 587,603,605 
illota . . . • . . • ......... 587, 603 
longipennis...... . . . • • . 588 
sim plicicollis • • • • • • • • • . 587 

Metabletus american us •••• ~...... . 568 
M~tal?phodon armatus...... • • • • • . 437 
Miami a . . • • • • • . . . • • . . • . . • • • . • • • • • 57 4 
Micromus ...... ; ................ 590, 605 

sobrius ................. . 599 
Militooa min uta............ .. .... . 542 • 

nubigeria ................ 541, 542 
Miobasileus hypoceras........... •. 491 

ophryas............. . . 490 
Miormus . . . • • • • .. • . . . . . . .. • • • • . . . 604 

so brius . . . • . . . . . . . . . • . . . . 604 
Miothen crassigenis ••.• ~.......... 470 

gracile .. . • . . • • . . . . . . • . . . 4 70 
Mollusca ......................... · 542 
Monilema anriulatum...... . .. . . . . . 570 
Monohammus scutellatus . . . . . . . . . 570 
Mordella scutellaris... •. • . . . . . . . . . 570 
Mordellidoo .. • . • • . . • • • • • . • • • . . • • . . 570 
Morns affinis .. ~ ..•...........•.... 385, 386 
Muridoo.... . . . . . . . . .. • .. . . . . . . . • . . 475 
Mus ....................•••...••• ·• 474 

decumanus ..•... ...•... ..•••. 474 
elegans .. .. . . . . . • . . . . . . . . • . •.• 429 
(Eumys) ...... .. .... ......... 474 

1\fusca .•....................••. ·. . 541 
erythrocephala ..•.•....... 540, 541 

Muscidoo.... . . • . . . . . . . . . . • . . . . . . . . 564 
Musophyllum complicatum.... •. . . 418 
Mycetophilidoo ....•.......••..... 542, 559 
Myops .. 7 ·• •••••• •••• •••• ••••• •••• 475 
Myrica ....•..........••..••..... 210, 422 

acuminata ...••........ 81, 389, 411 
acutiloba .•••..••••.....•. 37 4, 412 
ambigua ...........•...... 384, 386 
Brongniarti. ............... · 412 
Comptonia.... •••• •.•• ... . 41~ 
Copiana ..•••... -~---· .... 389, 411 
latiloba ................ 81,389, 412 
Meneghini.... • . • . • . . . . • . . • 376 
minor.... . . . . . . • •• . . . . • • . . 380 
nigricans.... .. • • . • • . • . • . . . 389 
partita ....•........•..... 389, 412 
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Myrica Torreyi.. 373,376,377,380,383,397 

undulata .••.•..••••••.•.• 389, 412 
Myriopoda.... • • . • • .. • . • • • • . • . • • • 542 
Myrmeleon ..••••...••.•••••..... 599, 60.5 

diversus ...••......... 599, 605 
nigrocinctus . . . • • • • • . • • 605 

Myrtaceoo ...... . . . • . . • • . • . . . . . . . • 375 
1\iystacidoo .•.•...• ·•.. . • • • • • . . • • • • . 602 

Natatores .............. : . •.•• .... 431 
Nauplius...... ...••• .•.• .... •.... 613 
N e bria Sahl bergiL ............... 541, 568 
Necrophorus velutinus •. . • •••• •. . • 568 
Nelumbium...... .... ..•••. •.•••• 377 

Buchi.. • • • • • • • • • • • .. . . 377 
Lakesian urn.. . .•.•.. 382, 403 
tenuifolium .......... 382, 402 

N ematus . • • • • • . . . . . . . . • • . • . • • • • • • 567 
N emeophila geometrica...... • • . • . 559 
N emognatha 1 urida... • • • • • . • • . . . • 570 
N emura cinerea...... • • • • • . • • • • • • . 576 

lateralis.... . • • • • • .. • • • • • • 576 
nitida...... .••••• •.•••. •• 576 

Nepadites...... .••••• •••• •••• ••.• 37'4 
N ephelis lateralis...... . . • • • . • • • • . 623 

q uadristriata.... . • . • • • • • 623 
N cphelopsis o bscura .••• ,. •.. ,. • • • . . .. 623 
Neurodromicus...... •••••• ••••••. 516 

· dor~aiis ••••••••.... ) 517 
Neuroptera ..••••••••..••••• 539,599,604 
Nitidulidoo....... .... ..•••• .••••• 568 
N octuidoo .••••...••••••••••••• :. • • 554 
N omaspis parvula.... • •• --. • • • • . • 570 
Nomophila noctuella...... •••• •.•• 548 
N othopus zabroides . • • • • • . • . • • • .. • . 568 
N otoxus bifasciatus.... • • • • • • . . . • . 570 

su btilis ... _.. • . . . • • • • • • . . 570 
N oturus . • • • . . • . • • • • . • • • . . . • .. .. . . 460 
Nyssa lanceolata...... . . .. • . . . .. . . 385 

Obolus...... ••••••. ...•.. ••.. ••.• 208 
Oeytes Draco . . .. • .. • . . . • • . . . . • • • . 542 
Odonata ....••••••.••••. 583, 598, 603, 605 
Odontomyia.... .... .••• .... .••••• 563 

intermedia.... • • .. .. . • 563 
nigrirostris...... . •.. _ 563 

Odynerus tigris...... . . . . . . . . . • . . . 541 
CEclemeridoo _..... • ...... _.... .. . . 570 
CEstridoo. _ . . . • . . . • • • • • . . . . . . . • • • . 564 
Olenus.... .••••• ...... •..• .•.••.. 208 
Onthophagus latebrosus........ .. . 569 
Opegrapha anti qua.... .. . • . • . • • . . 379 
Ophidia ......................... 463, 516 
Ophileta complanata .•.•...•....•. 35, 203 
Ophioglossum Alieni.... .. .. . . • • • • 388 
Opbiogompbus ...••.....•••••••• 591, 604 

bison . • . • . •. . . . • • • • 596 
colubrinus ........ 592, 604 
ruainensis.593,595,596,604 
rupinsulensis .593, 594,596, 

604 
severus .•. 591,592,604,605 

Or bicula. . .. • • . . • • • • • • .. • . . . . • • • • 78 
Orbitoides mantellii.... .. . . ••• ••• 443 
Oreodon ......••....•.....•...... 498,499 

culbertsonii .... _ ........ 429, 498 
gracilis...... • ......... .429, 498 

• 
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Oreodontidre.. . . . . . . . . .. .. . 462 
Orotherium .. .. . • • • • • . • • • • . . . .. . • 469 

index ......•..•..•.•. 441, 459 
vasacciense .......•... 436, 4'41 

Orthis ...... 208, 209, 230, 309, 311, 339, 341 
desmopleura ..............• 208,230 

Orthoceras .......... 307,309, 311,339,341 
Orthoptera .......... · ............ 539, 541 
Osmy lus.. . . . . .. .. . . . .. .. . . .. . . .. 599 
Ostrea.26,27,38, 104,196,202,315,317,340, 

342 
complexa ........ 315, 317, 340, 342 
congesta .......... 18, 25, 68, 78, 433 
subtrigonalis .............. 26, 124 

Oxypoda...... . .. .. .. . . .. .. . .. .. . 568 
Oxyrhina...... .. .. . . .. . . .. .. . .. • 508 
Oxytelus............ ........ .... . 568 

Pal reochcerus. ..... . .. .. . .. . . . .. .. . 463 
Palooolagus . .. .. . . .. . . . . .. .. . • . .. . 477 

agapetillus............ 478 
haydenii ......••. 429, 478, 479 
triplex................ 479 
turgid us ...... . ...... 478, 479 

Palreoscincus .. .. .. .. .. .. . .. . .. . .. 448 
Pa.Ireosyops ..•.•................. 461, 483 
Palreotherium ............... 461, 480,483 
Paliurus... . . . . . . . . . . . . . . • . . • . . . . . 203 
Paliurus Col urn bi. ............... 387, 388 

Florisanti .............. 389,416 
zizyphoides .....••.. 373, 382, 383 

Palmacitf}s...... • . .. .. .. .. .. . . .. .. 380 
Paludina ...... ..•... ...... ....... 436 
Pant ala .. .. . .. .. . . .. • .. .. . . .. .. . . 583 

hymencea ......... ~....... 583 
Papilio Eurymedon . ;; . •.. .. . . . . • . . 542 

Rutulus...... ....... ...... 542 
Paradoxides.... .. .. .. .. .. .. .. • .. • 208 

·· Paramys......... •••• •••• ..•... .. . 475 
relictus .... ...... .... .. . 475 

Parnassius Smintheus ........ 539, 541,542 
Pasimachus elongatus..... .... .... 568 

obsoletus.... •.••••... 5S8 
Patula Cooperi ...... ---~·- ...... . 623 

striatella.... .. .. . . .. .. .. .. 623 
strigosa................... 623 

Pelecorapis varians.... • . . • . • . . . • • 431 
Pelonax.. ...... .... .... ...... .... 504 

crassus................... 504 
ramosus .......... · ........ 504, 505 

Peltosaurus •..•...•..••. 511, 512, 513, 515 
granulosus............ -513 

Pemphigus populicaulis..... .... .. 567 
Pentacrinites ............... : .. .. 347, 349 
Pen tacrin us asteriscus ....•• : 105, 196, 440 
Perissodactyla .•.•••....• 441, 480, 482, 520 
Perla ........................... 577,603 

ebria ••.•..••.......•.•. 577,603,605 
sobria .................. 577, 603,605 

Perlin a ....•...•..... 573, 57 4, 575, 602, 605 
Persea Brossiana ................. 385, 407 

lancifolia.... • .. . .. .. .. .. .. 381 
Persoon ia oviformis.. . . . . . . . . . . . . . 385 
Phalrenidre ........•..... 543, 544, 546, 549 
Phanreus carnifex .. --~- .• M ........ · 569 
Phasiane excurvaria . . . • . • • . . . . . . . 552 

:flavofasciata......... .... 552 
Meadiana ............•.. 547, 552 
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Pha.siane Rippertaria...... .. .. .. .. 552 

sinuata • .. . . • . • .. . • • • • .. 552 
Phenacod us.... .. .. . • . .. .. . . .. .. • • 458 

primrevus ............ 441, 458 
Phibalapteryx intestinata..... .... 551 
Phillysia .... .... ...... .... ....... 71 
Photinus angustatus...... .. .. .. • • 569 

lacustris .. .. .. .. .. .. .. .. 569 
Phragmites Alaskana ............ 384, 386 

ceningensis .. 380, 3831 384, 386, 
388,389,390 

Phryganea·....... . . . . . . . . . . • . . . . . • . 602 
Phryganeidre • .. • .. • . • • • .. • .. . .. . • 541 
Phryganina .......... : .. 600, 604, 605, 606 
Phyciodes ·Camillus .••••....... ~. . 542 

Carlota .. . .. . .. .. .. .. .. 542 
Phyllites Mahonireformis.......... 383 

rep and us . • . . • • . . .. .. .. . . 424 
truncatus .........•.••.. ~ 383 

Phyllopoda ...................... 61~, 618 
Physa. . . . . . .. . . . . . . . . . . . . • . • . . . . . • 77 
Picidre .•••.• r •••••••••••••• -.. • • • 538 
Pieds occidentalis ............... 541, 542 

oleracea . .. . . . .. .. .. .. .. . . . 542 
Protodice.. .. .. .. .. .. .. .. .. 542 

Pinus polar~s ...... : .............. 389, 4!0 
eocemca ................... " 3,7 
ponderosa.................. 571 · 
racemosa .............. 377, 381, 400 

Pisonia ...................... _.377, 389,42 
Plan era dubia ..... ~ .. .. . . .. .. . • . .. 384 

· longifolia ............ 81, 389, 413 
Planorbis.......................... 77 
Plastomenus.... .. .. .. . .. . .. . . . .. . 453 

insignis ............. 433, 454 
punctulatus ........ .433, 453 
trionychoides. . . . . . . . . 454 

.Plat rea Californiaria...... . • . . • • . • 5fi1 
Platanus .................... ~ .... 126, 377 

aceroides •..• · •••••• 385, 386, 387 
dubia ........... .: •• 385,386,406 
Guillelmre .•.•...... 381, 383, 387 
Haydenii, 203,219,377,378,381,383 
no bilis ..•....•.••••••••• 197, 385 
Raynoldsi ...••..•.•..•. 377, 381 
rhomboides .••••..•. 377, 381, 400 

Plathemis ............. : ... ~ ••••• 583, 585 
subornata.... ....... ... . 585 
trimaculata ••.•...•••. 583, :~85 

Platycerus depressus.............. 569 
Platynus chalceus .. .. .. .. .. .. .. .. 568 

placid us ............ , .. .. 568 
Platyphy lax ..................... 600, 605 

atripes .. 600,601,602,605,606 
designatus ....... 600, 605,606 

Plat.yphyma montana............. 541 
Platyrhachis.... .. .. .. .. .. .. .. .. .. 516 

colora.doensis ..... . .. . 516 
Plecia longipes •..• ..••........... 552, 562 
Pleurodonta...... ...... ...... .... 513 
Pl~urQphorus.... . . . .. . . . .. .. .. .. . 243 
Pleurotomaria ............. ·..... .. 231 

missouriensis........ 231 
Taggarti .. . .. . .. .. .. 231 

Plusia ........................... . 
a1ticola , .. . .. • • . .. .. .. .. .. 554 
divergens.... .. .. .. . .. .. .. 554 
Hocbenwarthi ............ 546, 554 
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Plusia ignea...... • . . . . .. • . . • . . • . 554 
Poa......... ••. . . . . . . . • • . • . . • •.. • 210 
Poacites.... .• • •. . ..• •• . . . . . •. .• . . 210 

lrevis...... . . • • • • • . . . . . . . 3R9 
Podabrus lrevicollis............ 541, 569 
Podocarpere.... . • • • • . . . • • • . . . . . • • . 375 
Podogonium .•••••..••••......... 390, 417 
Poebrotheriidre .......•.. _..... . . . • 500 
Poebrotherium, 429,463,464,498,500,501,503 

vilsonii.. . • . • • • • • . . 500 
Polyonax...... • • . . • . . . . . . . . . . . . . • 451 

mortuarius .....••.. 433, 44R, 451 
Polyphemus oculus . . . . . . • • . • . . . . . 615 
Polyphylla 10-lineata . . • . . • . . • • • . . 569 
Polystrechotes •••.•.. _ ......•••.. 599, 604 

punctatus ..... 599, 604, 6D5 
Populus.......................... 424 

requalis • • . . . . . . • • • . . . . • . . 387 
arctica ..•••. 384,386,387,388,406 
attenuata ...•........... 380,387 
balsamifera ...••. _ ...... . · 570 
balsamoides •. _. _ •..•.... 380, 384 
cordifolia • • • • • . . • • • • . . . . . 387 
decipiens .... _ .... _ ...•.. 387, 388 
heliadum .•••••••.•...... 380,397 
lancifolia. • . . . . • . • • . . • • • • • 384 
latior . • • . • . . . . . . . . . . • • . . . 387 
leucophylla ...••....•. _ .-. 380, 384 
monodon ............ 377, 380, 383 
mutabilis ... 377, 380,384,387,397 
ovalis . • • . • . . . • . • . • • . . • . . • 384 
Raynoldsii ..........•••.. · 383 
repando-crenata . . . . . . . . . . 384 
Richardsoni · .•.. _ ...• _ •.. 389, 411 
transversa................ 387 
tremuloides ... _ ••....... : 570 
Zaddachi. •• _ ....•••••... 384, 386 

Porrhodites ..•...........•••.• _.. 568 
Potamogale ..••.. •... .•••.. ..•... 473 
Potamogalidre . • • . . . . • • • . • • • • . . . . . 473 
Potamogeton nayadum .•..... ~. __ . 375 
i tritonis ..••..... ~.. . 375 

Proboscidia .•••••..•••.. ·----· ~.483, 531 
Procamelus ..•••.....•.•..... 464,529,530 

angustidens ••••••.... 529, 530 
gracilis.... • • • • . . . • • • • . 531 
heterodontus.......... 530 
niobrarensis . • . • . • • • • • . 529 
occidentalis ....• _ • • .. • 531 
robustus ···--·-·-----529,530 

Productus •.. 46, 59, 60, 71, 77, 242, 309, 311, 
339,341 

muricatus . . . . . . .. . . . . . . 252 
nebrascensis.... .. •... .• 231 
prattenanus... ••• . . . . . • 231 
semireticularis.. . . . • • . . . 231 

Promina ...••...•••..••••...••... 376, :~77 
Proteacere •..•..•.....••....... _.. 375 
ProteoideS' .••••. _ ....••........ _ .105, 196 

acuta ·----- ··---- ---· .105,196 
Protohippus ..••........•••.. 519,b23,528 

insignis ............. 523, 525 
labrosus ...•••.. 523,524,525 
mirabilis .•.......... 523, 525 
perditus ...•. 523, 524, 525, 528 
placidus ......... 523, 524, 528 
sejunctus ... 523, 524,525,526, 

528,529 
Protomeryx hallii...... • . • • . . . . . . . 500 
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Protomeryx vilsonii • • • • • • • . • • • . . . !10.0 
Protomyidre . . . . . . . • • • • . •. . . . . • . • . 477 
Protoplasa • . • . • . . • . • • . • • . • . • • • • • • 56fi 
Pseudoneuroptera •••••.•••...• ·••• 602 
Pseudotomus ..•••• ...•.. •••• •••• 477 
Psychomorpha epim:enis . . • • • . • • • • 559 
f>teris affinis .•.••...•••••.•••.... 380, 392 

anceps . • • • • • • • . • • . . • . • • • • . . 380 
erosa ....••.•...•....••••. 380, 392 
Gardneri .••••••........... 380, 393 
pennreformis .. 380, 3133, 388, 390, 392 
subsimplex .... .•••••••..••. 380, 392 

Pierocarya americana ....•..•. 81, 390, 417 
Pteronarcys badia ....•.. 573, 57 4, 602, 605 

f biloba...... . . • • • . • . . • 573 
Ca.lifornica .••••. 573, 602, 605 

. proteus •••••. ~. . • • • • . 57 4 
regularis .....•.•.... 573, 57 4 

Pterophoridre ..••••.•••••..••• ~.. . 544 
Pterosanria...... . . . • • . . . . . . . . . • . . 431 
Pterostichus longulus.... ••. • .. .. . 568 

lucubJ.andus. ...•....• 568 
Luczotii ............. 568 
pro tractus . . • • • . . . . . . 568 
scitulus. ... . • • • • . . . . • 568 

Ptychoceras ·----- •.•• •••••• ...•.. 455 
aratus . • • • .... . . • . • • . • 455 

Ptychoptera . . . . . . . . . . . . . . . . . • . . • . 566 
Ptychopterina . • • • • . • • • . • . . • . . . . . . 566 
Pyralidre.... • . . • • . • • • • . • • • • .. • . . . . 548 
Pyrameis Atalanta.... . . . . . . • . . . . . · 542 
Pythonomorpha ••.• .• .... ~ ,-.. . . . . 431 

Quadrumana ...•...... ·----~ •... 463,510 
Quercus ...••..••.•...•.....••... 203, 219 

acrodon........... . . . . . . . • 387 
rem ulans •.. ~ ~... • • . • . . . . . 387 
alba.... . • • • • • . . • • . . . . • • • • 262-
angustiloba .•••••..•••... 381, 383 
attenuata .....••••••••••. 381, 398 
Benzoin •• • ••• • . . • . . •. . . . . 381 
Burmensis • . • • • . • • . • • • • • . . . 378 
chlorophy lla ...•. 377, 381, 383, 385 
Cleburni •.••..•••.•..... 381, 399 
crassinervis .••••. 377, 381, 383, 384 
drymeja ..••.. .•.. ..•••. .. 384 
El~aria .•.........•.•..• 389, 413 
Ellisiana •..•....•.••.... 385, 386 
Ev.ansii ..•••. •..• .••. .... 385 
fureinervis •. 375, 378, 381, 389, 398 
Gaudini • . • • • . . • • • . . . . . . . . 385 
Godeti • • • • . • . . . . . . . . . . . . . 385 
Goldianus ......••..•.... 381, 398 
Haydenii . . • . • . . . . . . . . . • • • 387 
Heerii . . • . . . • . . • • . . . . . . • • • 222 
Laharpi...... . . . . . . • • . . • . 385 
lonchitis ...... _. 37 4, 375, 389, 398 
Lyelli . . . . . . . . . . • . • • • . . . . . 381 
Moorii...... ..•. ..••.• •..• 381 
multinervis....... .• . . . . . . 381 
myrtifolia .......•....•• , . . 381 
negundoides ............. 384, 386 
neriifolia ....•.• _ .....•.. 389, 413 
Olafseni ................. 387, 388 
Pealei ..•••....... _ ...... 385, 386 
platania . ....•... 384, 38(i, 387,388 
platinervis . . .. .. ......... 381, 384 
primordialis ........... __ • 378 
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Quercus retracta . . . . . . . . . . . . . . . . . 381 

· Safl:'ordi ................ 378, 881 
• semi-elliptica . . . . . . . . . . . . 389 

straminens . . . . . . .. .. • . .. 381 
triangularis.... .. .. .. . . . . ~81 
Wyomingiana. .... .. . ... 381 

R aphidia .................... 600, 605, 606 
Retzia punctulifera... •. . . .. . . . . . . 252 
Rhamnus . . . . . • . . • . . . ... 377, 378, 421, 4~4 

acuminatifolius ...•..... 382, 3~ 
alaternoides ... •... . ..•.. 382, 405 
Carolinian us.... .. .. .. .. 421 
Cleburni ...•........ 203, 382, 383 
Dechenii.... . .. .. . . .. .. . 382 
deletns.. .. .. . . • . . .. . • .. • 382 

· discolor.................. 382 
Fischeri.... ........ .... . 382 
Goldianus .. 382, 383, 387, 388, 405 
inreqaa.lis ............... 382, 405 
intermedius.... . . . .. • . . . 387 
latior ................... 382, 387 
marginatus .. . . . . . . . • . . . . 382 
Meriani. . . • . . . .. . ~ ... ... 382, 405 
obovatus .•..•.. 382, 383, 285, 386 
Poldianus.... .. .. . .. • .. . 219 
rectinervis ...... 382,383,385,405 
salicifolius .•.........••. 382, 383 

Rhineastes. .. • . .. . . . • . . .. . . .. • .. • 459 
cal vus. • . • . . . . . . . . . . • • . . 441 
pectinatus .••••.••.•••. 430,459 

Rhinoceridm .•.••....•........• . . 461, 483 
Rhinocerus• ... .481, 482,486, 491,495,521 
Rhinocerus crass us...... .. . • .. . . .. 521 
Rhizocaulon gracile •.....••••.... :380, 396 
Rhus ............. ................ 210, 422 

bella . • . • • • . . • •.••.....•.... '. 385 
deleta... . • .. . . .. .. . . • . • • • • • . . . . 385 
drymeja ................. 81, 389,416 
Evansii.... .... ...... .... .... 385 
Haydeni. ..... _ .......... 81, 389, 417 

Rhyatophila.... .. . • .. .. . ... 602, 605, 606 
Rhyacophilidm...... . . . . . . . . .. .. • 602 
Rhynchonella ................... 339, 341 

osagensis...... . .. . .. 252 
Ribes rubrum.... .. .. .. . .. .. . .. .. 262 
Rodentia.......... .. .... ........ 474 
Rosa' blanda................ . . . .. . 262 
Rubus deliciosus.... .. .. . .. . .. .. .. 262 

strigosus . .. • .. • .. • .. .. • .. . 262 
Rudis tre ......................... 455, 456 

Sabal .••••.......... 197,203,373,378,421 
Campbellii ................. 380, 383 
Goldiana...... .... ...... .... 380 
Grayana ........... 377, 380, 383, 384 
major ... ~.. .. .. .. . . .. .. . .. . . 380 

Stathmophorus Argus............. / 601 
gilvipes .......... 601,602 

Salicin ere ...... ................... 377, 378 
Salis bluia. .. . .. . . . . . . .. . . .. . .. .. . 378 

binervata............... 380 
polymorpha .•.•.... 380, 384, 386 

.,Sl,j,lix ........•...•........•.. 262, 422, 424 
augusta ............ 210,384,386,389 
densinervis ......•.......•.. 378, 380 
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Salix elongata ............ --~- .... 389 

E vanstoniana ............... 384, 386 . 
Grrenlandica . . . . . .....•••. 384, 386 
integra ..................... 380, 397 
Islandica...... . . . .. . ... . .. • . 384 
media .................. --~- 411 
tabellaris ........••........ 378, 380 

Salvinia cyclopbylla .... . ........ 388, 408 
Santalum memecycloides ..... ". ... 375 
Sapindus angustifolius ........ 81, 389, 415 

caudatus .•.••.....••••• 382,383 
coriaceus .............. 389, 415 
obtusifolius.... . • • • .. .. . 419 
undulatus . . . • .. .. .. .. . . 382 

Sapotocites american us...... . . . • • . 383 
Saprin us oregonensis.... . . . . • . • . . • 568 
Sassafras .....•....••.••• 376,377,385,422 

Mudgii. ...... .'.... ...... 376 
Satyrus Charon.... . • . . . . . . . . • • • . • 542 

Ridingsii.. . . . . . .. . • .. • • • 542 
sil vestris .. . .. . . . . .. • . . . .. ... 542 

Sauropterygia . .. .. . . .. • . . .. .. .. .. 431 
Sau1;,urre •••••• ·-.. •• • . . • . • • . • . • • . . 431 
Scalops.... ...... ...... ...... .... 466 
Scaphites.... . • . • .. .. .. . ..... 38, 104, 368 
Scarabreidre...... .. • . . . . . .. • . .. . . 569 
Scenopinus.... •. ... ... .. •• . . . .. . . 559 
Sciuridre... . .. . ................. 475, 477 
Sciurus ..........•.•..••.•••••.•. 475, 476 

hudsonius ...... .... . .. .... 475 
relictus ............. -;. .. . . .. 475 

Sclerotium pustuliferum . . .. . ••••• 386 
rubellum...... •... ••.• 379 

Scoliopteryx libatrix... ••. .. . . ... • 555 
Scolytidre • . • • • . . .. • .. . .. . .. . .. .. . 569 
Scotosia Californiata.......... . . . . 551 

:Mead.ii...... .• .. .. . . .. ••• 551 
Selachii . . • • .. . . • .. . . .. .• • • . • . . . .. . 432 
Selaginella Berthoudi ..•••••••••• 380, 395 
Selidosema Californiaria. . • • • • • • • • • 552 

j u turn aria .. .. • . .. . . . . 552 
Sequoia angustifolia .••.•.•.•. 81, 388, 409 

Coutsire ............ ••a•·• 388 
Heerii......... ... .. ... ... 386 
Langsdorfi .. 380, 383, 384, 395, 410 

Sericomyia militaris . . . . . . . . . . . • • • 564 
Sialina ..•••.............••.. 599, 605, 606 
Sida . . . • • • . • . • • • . . . . . . . • • • . . . . • . . 613 
Silpha lapponica ........... .' ...•• : 568 

ramosa ··-·-- .. ~ .......... 541, 568 
Silphidre ...... ....... ...... ...... 568 
Simulidre ...................... ~ .. 562 
Simulium...... ...... ...... ...... 562 
Smerinthus... .. . ...... ...•.• ..... 559 
Smilax grandifolia ....... 380, 386,388,395 

o btusangula . .. . . . . . . .. . .. 380 
Solenodon...... ...... ...... ...... 473 
Soricidre ...... ...... ....... ...... 468 
Sparganium...... ...... .... ...... 389 
Sphenopteris eoceiiica ............ 376, 380 

Jobnitrupi .• .. .. ... . 423 
. membranacea ....... 380, 394 
nigricans .•••••••... 380; 394 

Spheria lapidea............. ...... 379 · 
myrkm . . .. • . . • .. .. • . . • • • 379 

Spingidre...... • • .. . . . . . .. .. . . . . .. 559 
Spirifer .. 71, 77,231,242,243,247,252,339, 

opimus .................. 341, 231 
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Spiriferina ...•.•...........••••. 198, 243 
Spondylis upiformis.... . • . • • . . . . . . 570 
Spongidro •.•••. ...... .... ...•.. .. 307 
Staphylea acuminata .•.•. 81, 389,390,415 
Staphylinidre.... . . • • • . . . . • . • . . . . . 568 
Stathmophorus . . . . . . . . • . • • • . .• . . . . 601 
Stenobothrus Carpenterii.. . . . • . . . . 541 
Stenophy lax ..........•••... 600, 602, 604 

divergens .••••.. 600,605,606 
g_ilvipes .......•... . 601, 605 

Sterculia variabilis . . . . . . . • • • . . . . . 376 
Sterculiro .•.•...••. , . . . • . . . . . . . • . . 375 
Stereopalpus guttatus ............ 541, 570 
Stibarns . . . .. . .... ..• •. . . . . . . ...• 503 

obtusilolms...... . . . . . . • • 503 
Stigmaria fucoides................ 245 
Stratiomyia nymphis.. . . . . . . . • • • . . 563 
Stratiomyidro. . • • . . . . . • • • . . • . . . • • . 563 
Streptocephalus •....... . .... 614, 618, 622 

similis .. • • .. . . . . . 622 
Texan us ........ 620, 622 

Sty lemys ..••.........•••••...... 511, 532 
nebrascensis . . . • . . . • . . . • • 511 
niobra.rensis . . . • • . . . . .. • • 532 

Succinea lineata....... ..••.. ...... 623 
Symborodon ........•.... 463, 480, 484, 485 

acer .... 481,482,484,485,486, 
488,491 

altirostris,484, 485, 486490, 491 
bucco .. 481,482,484,485,486, 

488,489,491 
heloceras .....••. 484,485,487 
hypoceras ..•••••.... 484, 491 
ophryas .484, 485, 489, 490, 491 
torvulil . .. • . . . . . . . . . . . 485 
trigonoceras .... 482, 484, 485, 

488,489,490,492 
Syrpbidre .••..• ...... ...... ...... 563 
Syrphus corollro .. .. . . . . .. . . . . . • . • 564 

obliquus ................ 541,564 
vitripennis .........•.••• , 564 

Systrechus.. . . • . . . . . . . . .. . . . • . . . . . 563 
candidulus . . . . . . . . . . . . . 563 

Tabanidro ..••••..•.•....•••. 540,541,563 
Tabanus .••.•.•.....• ·.. . . • • • • . . . . . 563 

Bromius ...••• ....... ...• 563 
quatuornotatus . • . . . . . . . . 563 
tropicus . . . • • . . . . . . . . .. . . 563 

Tachinidro .... ...... ...• .... •..• .. 564 
Tachyta liturata .......•.• ~. ...... 570 
Talpa .•••••.•.••........•..•.... 465, 473 
Talpidro •.••.......•••••. 465, 466,468,472 
Tarache candefacta.... •• . . . . . • . . • 555 
Taxedium dubium ...• .._ •. 386, 388, 390, 409 

- tijanorum... •• . .. . • •• . • 388 
Telea Polyphemus................ 558 
Telephoridro . • • • • . .. . . • • • . • • • • • • • • 569 
Tenebrionidre • . • • • • • • • • • • • • • • • • • • 569 
Tenthredinidro •. . • . . .. . . . ••• . •• • • 567 
Tephrosia disfuncta.. • • • • • • • • • . • . . 553 
Terebratula .....•.....•••..••••• 198, 202 

bovidens . . • • . • • • • • .. • 252 
Terminalia radobojensis.. • • • • • • • • • 382 
Termitina ....................... 571, 602 
Termopsis .......•• ' ...••. 571, 572,573,602 

angusticollis .•••.. 571, 572, 602 
Nevadensis •.••....•... ~ .. 602 

Page. 
Termopsis occidentis ............. 572, 602 
Testudinata ...•••••.... 431,453,511,532 
Testudo • . . ... . • • • • • . • . • . . . . . . . . • .. • 511 

am phi thorax . • . • . . . . . . . . . 511 
cultratus.... .. . . . . .. . • . • . 511 
laticuneus..... .• ... •• • .•• 511 
ligonius . . . . . . . . . .. . .. . . . . 511 
nebrascensis.... .•.••. .... 511 

Tetraopes femoratus . • • • • • . . • • • . . . 570 
Therevidro ....................... 541 
Tberidoidro...... . . • • • • • • • • . . . . • . . 542 
Thespesius ••.••..•..•••.• ~.. . • • . • 445 
Thomisoidro . • . • • • . . • . • • • . . . . . . . . . 542 
Tbuites callitrina.... .••.• .•.• •... 38t; 
Thuya Garmani...... .. •••• .... ... 388 
Ti pula ...... ; . • • • • • . . . . . . . . . . . . . • 562 

grata...... • • . • . . .. • . . • . • • • 562 
longi ventis • . . • • • • • .. . . . • • • • 562 
macrolabis.... ••.. ••••• •... 562 

Tipulidre ........................ 562, 566 
Titanotherium ......•.••• 463,480,483,484 

proutii. •...•.••••. 483, 484 
Tomarctus . . • • • . . . • . . .. . • • . . . . . . • • 519 

brevirostris.... • • . . . . • • 520 
Tortricidro ....................... 547, 548 
Tostegoptera lanceolata.... • • • • . . . 569 
Tragulidro ......••••..•.. 462; 464, 500, 501 
Tramea. . . • . • • • • • . . • . . • . . . . • • • • • . • 583 

lacerata ········4········· 583 
Trichius affinis.................... 569 
Trichodes ornatus.... .. . . • • • • . . . . . 569 
Tricium annro.... .... ••.• ..•.... .. 478 

avunculus................ 478 

Trigonia~~~~~~~~:::: :: :::~·.:~.::::: !~~ 
Trimerodus .. ,... . . . . . • . . .. . • • . . . . 503 

cedrensis •••• .•.• ......... 503 
Trionyx.. . • • • • . • • . • . • . • • • • • . • . • • • 453 

foveatus . . .. .. • • . • .. • • • . . • 453 
scutumantiquum ......... 436, 441 
vagans .................. 433, 458 

Trirhabda attenuata.............. 570 
convergens ........... 541, 570 

Trochus missouriensis.. . . . . . . . . . . . 231 
Troodon. . . • • . . . . • . • • . . . . • • • . • • . • . 448 
Tropidonotus sipedon.... ..•. •.•.. 517 
Trox porcatus.... . . . • • . . . .. . • • • • • . 569 
Trypeta. . • • • . . • . . . • . • . • . . . . . . . . . . 567 
Tupaia .•.. ....................... 473 
Typha spadro . • • • • • • • . • • . . • . • . . . . . 375 

Uintatherium.... .. .. .. . . . .. • • . • • • 482 
Ulmacero . • • • • • . • • • • • • • • • • • • • • . . . . 377 
Ulmus ....•••••••.•••••••••• 210, 378,424 

irregularis • • • • • • • • • • • • • . . . • 381 
tenuinervis ...•.... 81,389,390,412 

Ungulata ........................ 464,485 
U nio . • • • • • . • • • • • • . • • . . . • • . . . • • • • • 441 

Vanessa Antiopa •.••••••.• ~--- •••• 542 
Vesvariro • • • • • • • • • • • • • . • • • • • . . • • • • 542 
Viburnum ••.••.•••••.•••••••. 378, 421,424 

contortum........... .. . 382 
dichotomum •••••••••• 382, 383 
giganteum •••••.••••.. 376, 424 
Lakesii. :' .•.••..•••••. 382,401 
marginatum .376, 382,383,401, 

424 
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Viburnum Wymperi ··: ...... - ~ .. . 382 
Vi tis Islandica .....•.••.......... 387; 388 

Olriki ..•.•..........• ~- •.•. 385, 386 
tricuspidata .•• ~.. . . . . • . . . . . • 382 

Vitrina Pfeifferi . . . . . . . . . . • • • • • . . . 623 
Viviparus trochiformis ... . . . . . . . . . 372 
Volucella...... . . . . . . . . . . . . . . . . . . . 563 
Vulpes fulvus......... ... . .... ... . 506 

littoralis . . . . . . . • . . • . . • • . . . 506 

"\Veinmannia rosrefolia ........•... 389, 415 
Woodwardia ·latiloba ...•......... 380,391 

minor . . . . . . . . . . . • . . . 380 

Xanthoxylon dubium . . . . • . . . . . . . . 382 

Page. 
Xiphodon •... ..•• .... •... •••• .... 500 

gracile .. . • . • .. . • .. . . . . • 500 
Xyleborus septentrionis.... •.•.... 569 

Zanthoxylum ambiguum......... .. 375 
Zerene eaten aria.... . . .. . . . . . . . . .. 551 
Zeuglodon cetoides........... . . . . . . 443 
Zingiberites undulatns ........... 380, 396 
Zizyphus...... ...••... .. .•.• .... 374 

. distortus .•••••......••. 382,404 
hyperboreus .......•.••. 387, 388 
Meekii.. . . . . . ......•••. 387, 388 

Zonites nitidus........... •. . .••••• 542 
Zygrenidre...... . • • • .. . .. . .. • • • • • • 559 
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