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G·EOLOGY OF THE RATON MESA AND OTHER REGIONS 
IN COLORADO AND NEW MEXICO. 

By WILLIS T. L~E. () 

CHAPTER 1.-:-INTRODUCTION. 

NEED OF INVESTIGATION. 

For many years evidence has been accumu­
lating that coal occurs at several horizons in 
tho Cretaceous strata of the Rocky Mountain 
region. Coal-bearing formations once sup­
posed to be of Lat·amie age have, on further 
exami~1ation, been referred to other horizons; 
and the question has now arisen whether the 
coal measures of the Raton Mesa region, which 
have long been called Laramie, are equivalent 
in ago to the so-called Laramie of other fields· 
and especially to tho t}rpical Laramie of the 
Denver Basin. The Raton Mesa regio_n is 
about 80 miles from the Denve1~ Basin, one 
·s1nall field, the Canon City coal field, lying 
between. It is also about 90 miles from the 
·San Juan Basin, west of the Rocky Mountains, 
in. which there are two coal-bearing formations, 
the Mesaverde and the "Laramie." The 
"Lara.nlie" of the San Juan Basin has bee~ 
regarded by some geologists as essentially 
·equivalent to the Laramie of the Denver 
Basin, but the validity of this correlation has 
recently been questioned.235 (The "superior" 
figures here and elsewhere refer ·to entries in 
tho bibliography, pp. 17-37 .) 

I-Iayden, Lesquereux, and others regarded 
all tl:to coal-bearing rocks of the Raton Mesa 
Tegion as Tertiary, but. later geologists have 
regarded them as Cretaceous and have corre­
lated. them with the Laramie of the Denver 
Basin, aithough it has been known for many 
years that most of the fossil plants from this 
region are specifically different from those found 
in the Laramie of the Denver region. No 
·~atisfactory explanation of this discrepancy 
"Was suggested until the writer 215 announced 
that the so-called Laramie of the Raton field 
.is divisible into two formations, the lower of 

which contains a flora that is older than that 
. of the Laramie of the Denver Basiri. and the. 
upper a post-Laramie flora. About the same 
time Washburne 226 collected from the lower 
group of coal-bearing rocks in. the Canon Ci~y 
field, which were then supposed to be of Lara­
mie age, fossil plants that Knowlton regarded 
as older than Laramie. Several questions 
then became pertinent: Are the two coal­
beat·ing formations of the Raton field widely 
separated in time or is the unconformity 
local~ Is the lower formation to be correlated· 
with the Laramie of the Denver Basin or with 
the Mesaverde of the San Juan Ba~in or with 
.neither, and is it to qe co~related \\rith a part 
or with all of the coal measlires of the Canon 
City field~ Is the upper formation equivalent 
1n age to the Denver or to the Arapahoe 
formation or to neither~ · In order to answer 
these and similar questions the investigations 
described in this paper were undertaken. 

PURPOSE OF INVESTIGATION. 

As the geologic relations in the Raton U:esa 
region are the principal object of this dis­
. cuss ion, attention is first directed mainly to 
that region, its relation to the Canon City and 
other fields being reserved for later sections of 
this paper .. The main purpose of the investi­
gation was to trace, if possible, the uncon­
formity found in the coal measures of the 
Raton field 215 throughout the Raton Mesa 
region and to. collect evidence of its geologic 
signific~nce. This led to several lines of re­
search. Sections were measured for the pur­
pose of .. determiniag whether the irregularities 
in thick;ness of the lower coal measures are due 
mainly to deposition 'or mainly to erosion 
followi!J.g deposition, and ·data were collected 

9 
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to d<;}termine vvhether these rocks were con- topographic sheets, mine .maps, and railroad 
solidated or unconsolidated when the erosion and private surveys. The base for the Colo­
took place. Data were also collected £o deter- rado portion was constructed .from the town­
mine the relativ(;) amount of erosion. · ship plats of the General Land Office by 

The rocks of both the ·upper and the lower G. B. Richardson 225 and the ·topography of 
coal measures contain great numbers of fossil ·this portion was adapted from the atlas sheets 
plants, and large coll¢ctions of them were made. of the United States Geological Survey. The 
The. stratigraphic· position of each collection base for the New Mexico portion outside the 
was. d~termined, especially with reference to ~axwell land .grant was constructed from the 

. the unconformity, in order that the data thus township plats of the General Land Office and 
obtained mjght be definitely applied in corre- from private surveys, and that for the portion 
lating the formations with those of other fields inside the grant was adapted from the map of 
and in determining. the time represented by Colfax County, N. Mex., and -from private 
the unconformity. Soine of the species found surveys, the records of which are in the pos­
here have been described ·from other· places,. session of tlie St. Louis, Rocky Mountain & 
and these furnish a means of correlating the Pacific Coal Co., whose headquarters are at 
for~ations in which they are found with those Raton, N. Mex. ·No detailed topographic 

. of other fields. Others are ROW to science, and maps of this portion of New Mexico were avail­
these are described by F. H. Knowlton. (See . able at the time of investigation, although 
pp. 223-435.) The double purpose, therefore, topographic work has been carried on near 
is accomplished of making such correlations as .Raton since that time, and the only topography 
are possible by means of previously identified available for' the main part of the Raton -field 

_species, and of establishing a. new section was that shown on a manuscript sketch map on 
w~ich will be of use in future. investigations. the scale· of 12 miles to the inch. From this 
Few fossils other than plants occur in the Co'41 map the topography shown on the map in this 
measures of the· Raton Mesa region, but fossil paper has been adapted. For the reasons just 
invertebrates were collected from the marine stated, the topography of the New Mexico por­
Cretaceous rocks below the coal measures in tion, though it gives the general configuration 
order that their evi,dence might be considered of the field, is by no means so accurate as that 
-together with that of the plants, the lithology, of the Trinidad field. (See Pl. I, in pocket.) 
and the structure in est~blishing the strati-

METHODS OF OBSERVATION. graphic .succession and time relations· of the 
formations. 

The results obtained in the· Raton Mesa 
region and in the C~non City field during the 
seas.on of 1910 r~ndered it des.ir~ble to examine 
in a similar manner the isolated coal fields of 
central and western New Mexico, in the hope 
·of obtaining information that would ·lead to 
the correlation of the coal measures of the 
Raton Mesa regJi.on w'ith those ·of the San Juan 
Basin. Th;is was done during the summer of 
1911 and the results published ~35 the following· 
year. These· results aid .materially in accom­
plishing one of the principal purposes of .the 
paper, namely in fixing the coal-bearing forma­
tions of the Raton Mesa region in their proper 
places in the time scale. 

CONSTRUCTION OF MAP. 

· In the absence of topographic maps suffi­
ciently detailed for the purposes of the inyesti­
gation it ·was necessary to devis-e some way of 
showing graphically ~he structural relation of 
the lower coal measures (Vermejo formation) 
to the upper coal measures (Raton formation). 
(See pp. 51, 56.) This was done by measuring· 
sections at short intervals along the outcrop 
and platting them to scale for comparison. 
Those_'in the eastern part of the region, where 
the rocks lie nearly horizontal and outcrop in 
the. ste_ep sides of ·mesas, were measured with 
Locke level, and are shown in the several plates 
of sections. (See Pls. V, X, XII, XV, XVII.) 
A large number of diamond-drill records were· 
also obtained. Some of these are shown in the 
plates o{ sections, but most of them were fur­
nished by coal companies which stipulated that. 

The map of tho Raton Mesa region used in_ their details should not be made known. 
this paper has been constructed from Land Along the western margin of the region, 
Office data, United States Geological Sur-Vey where the rocks are upturned at the outcrop, 
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considerable care was necessary 111 order to 
obtain the true thickness. On steep slopes 
the vertical distances were measured by Locke 
level and records were kept of the dip and 
strike, the direction of the measurement, a.nd 
the angle of the surface slope. From these 
data were constructed the sections as pub­
lished. On· gentle slopes the horizon.tal dis­
tances were measured with tapeline as an addi­
tional check in computing ttue thicknesses. 
The writer believe's that in this way the sections 
were made sufficiently accurate to show ade­
quately the variations in the thickness of the 
Vermejo formation, and to show rather con­
vincingly that the surf~ce· upon which the 
Haton formation was deposited ·was far from 
being .a plain such as would be expected to 
result from ·continuous deposition of sediments, 
or, in other words, that it was a surface of 
erosion. (See sections in Pl. II, in pocket.) 

The c~al beds throughout the Trinidad field 
and to a less extent those in the Raton field 
have . been extensively prospected for many 
years and have been mined productively in 
I)lany places. The success of the investigation 
_described in this paper is very largely due to 
this development. Many important facts have 
been obtained from mine maps and records, 
from surveys of coal lands, and from records 
of drill holes and mine shafts that show the 
number, thickness, and locations of. the coal 
beds. A large proportion of the fossil plants 
on which the correlations of the coal measur~s 
depend were obtained from the mines. 

PRINCIPLES OF CORRELATION. 

Some of the conclusions reached by the 
wdtet of this paper differ radically from those 
held by some geologists and depend for their 
validity on the interpretation placed on the· 
observed phenome~a. For tllis reason it may 
be well briefly to state some of the fundamental 
principles that have governed the writer in the 
placing of the Cretaceous-Tertiary boundary. 
These are probably so well known that little 
need be said of them. 

Physical versu.s . paleontologic . criteria.-The 
conflict between 'the structuralist . and the 
paleontologist is nearly as old as the science of 
geology, and until the several lines of evidence 
are less conflicting than they a~e .at present, 
harmony in geologic classification seems hope­
less. Each thinker must weigh the evidence 

and decide for himself. Geikie said of the 
Cretaceous-Tertiary .boundary of. Europe that 
"the lithologic. sequence, being the more . 
obvious, was first established before it was 
confirmed and extended by a recognition of 
the value of the evidence of organic remains." 
During the last century the study of 01~ganic 
remai;ns as a means of determining the limits 
of geologic time divisions has received more 
attention than lithologic sequence. Recently, 
however, e~phasis is being laid on structure 
and other physical phenomena. Chamberlin,. 
Ulrich, and 9thers ··are emphasizing this in 
America and Hang and others in Europe. It is 
significant in this connection to note that 
Haug places the base· .of the Tertiary below 
the Montien because of ~n unconformity there 
in ~pite of certa~n Cretaceous forms of life 
contained in the Montien. · 

Cretaceous quiescenc_e versus Tertiar'lJ vio-. 
lence.-There is ·no evidence of any notable 
orogenic movement during the Cretaceous 
period in the area described in this paper. 
So far as crustal movements are . concerned it 
was a period· ·of inaction. But in this same 
region the Tertiary period was one of great 
orogenic. and epirogenic movements, of great 
changes in the physiographic conditions of 
the continent, and of consequent changes in 
climate and life. · The writer ma.intains that 
the disturbance which' brought a long period 
of quiescence to a close and inaugurated a new 
'order of things is more significant in determin­
ing the. beg~ing of a new period.than later 
disturbances which are often more· plainly re­
corded. He therefore maintains that in the 
area described in this paper the first uncon­
formity above rocks of undoubted Cretaceous 
age marks the proper Cretaceous-Tertiary 
boundary. In . this respect he · differs from 
some geologists, who seem to· plaoe emphasis 
on the culmination r·ather than ·on· the incep­
tion of orogenic movement. 

·Gause versus results of change.-In determin­
ing the point of separation between Creta­
ceous a~lCl Tertiary time the cause of the change 
in physiographic conditions, whether it can be 
determined or not, is important, for it must pre­
cede any obvious result. This cause was opera­
tive long before the oldest Tertiary sediments 
were laid doWl,l. The Cretaceous sea had 
been mainly. or entirely expelled from the inte-
Tior of North America. Mountains had been 

..... 
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upheaved in the areas abando~ed by ·the sea, 
and these }:lad been deeply eroded. For these 
reasons the writer maintains that some of the 
time represented by the post-Cretaceous uncon~ 
formity is a part of Tertiary time and that Ter­
tiary rocks may yet be found that are older than 
those of the Raton formation. (Some ·geolo-

, gists urge the recognition in the Rocky Moun­
tain region of a group of formations inte:r;me­
diate between Creta~eous and Tertiary. If 
their suggestion is adopted the later part of 
the time represented by the post-Cretaceous 
unconformity should constitute the first epoch 
of the new period.) . 

Physiography, climate, and land life.:.__~e 
great changes in North Arp.erica that resulte.d 

-in the withdrawal of the sea and the upheaval 
of mouritains in its place naturally call:sed 
great change~ in climate, and therefore in plant 
and· animal life. It is not to be expected, 
however, that· the changes would be accom­
plished suddenly, or in all places at the. same 
time~ Hardy types would survive for a tim~ 
or adapt themselves to the new conditions . 
Others would emigrate and their places be 
taken by immigrants. It is probable that the 
changes in climate would affect the plants and. 
the land animals earlier than the aquatic 
forms. Applying this principle to the problem 
of the· Cretaceous~Tertiary boundary, it is 
found that the unconformity here described 

- as the delimiting plain marks a conspicuous 
change _in the plant life, and that the first part 
of the succe~ding period witnessed the extinc­
tion ·of the dinosaurs, one of the dominant 
types of Cretaceous time, and the introduc­
tion of the modern mammalian types· . 
. Diastrophism.-The principles· of diastro-

, phism that have recently been elucidated by 
Chamberlin, Ulrich, and others, and that seem 
to be rapidly gaining ground as criteria for an 
ultimate basis of time divisions, are especially 
applicable in intercontinental correlation of 
late Cretaceous· and early Tertiary formations. 
The general withdrawal of oceanic waters from 
conti:riental areas at the close of the Creta­
ceou·s seems to indi_c_a.te a cause world-wide in· 
its effect, and therefore to .indicate that the 
withdrawal of the sea from Europe and from 
America was synch:ronous. If further ob~er­
vation establishes this synchronism a means 
will be afforded ·of more exac.t intercontinental 

. correlation than is possible by ·any class of. 

organisms. Applying this principle to the Cre­
taceous-Tertiary . boundary of the West, we 
find .that although. some of the vertebrates, 
notably the dinosaurs, and some of the in­
vertebrates, mostly of fresh-water type, stand 
in opposition, as Jl.OW·interpreted by some geol­
ogists, the evidence of" diaBtrophism is in per­
fect accord with that of the fossil plants and 
mammals .. 

CONCLUSIONS IN BRIEF. 

· The principal conclusions arrived at in this 
paper _are as follows: · 

The coal-bearing rocks ·of the Raton Mesa 
region, which have formerly been referred to 
the Laramie,' ·constitute two distinct forma­
tions, separated in time by a period of erosion. 

The lower formation, to which the name 
Vermejo ·is here applied, contains a Montana 
flora. It is distinct from the Laramie flora of 
the Denver Basin, and proves that the Ver­
mejo formation is older than Laramie, and 
that it is more closely related to the Mesa-

. verde of western New Mexico than to any 
other formation yet examined. 

The coal-bearing rocks of the Canon City 
field are correlated by lithology, stratigraphic 
position, and fossil plants wi~h the Vermejo _ 
of the Raton Mesa region and are designated 
by the same· name. The character of the in­
vertebrates f0und in the Vermejo of the Canon 
Cit] field in the midst of the plant-bearing 
beds su.ggests that this formation· is approxi­
mately equivalent in age to ·the Fox Hills of 
the. DenverBasin. , 

The upper formation of the Raton . Mesa 
region, to which the nam,e Raton is here ap­
plied, is Eocene in age and contains a flora . 
distinct from that of the Laramie of the Den­
ver· Basin but similar to that of· the post­
Laramie formations of. that basin and to that 
of the Eocene Wilcox group of ·the Gulf Coast. 

The unconformity between "the Vermejo and 
Raton formations represents a time interval 
comparable to that described as_ separating the 
Laramie from t4e Arapahoe of the· Denver · 
Basin. Separating, as it does,· the· youngest 
Cretaceo-us of the region from the oldest 

I 

Eocene, it represents post-Cretaceous erosion 
·and is correl~ted with the post-Laramie un­
conformity of the Denver Basin. 

West of the Rocky Mountains, in northern 
New Mexico- and southern Colorado. there are 
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two . conJ-bearing formations separated by a 
marine shale. The older-the Mesaverde­
contains a fauna of lower Montana age and a 
flora similar to that of the Vermejo and other 
formations of Montana age. The younger­
the "Laramie "-contains in its basal member 
(Pictw·ed Cliffs sandstone) a marine fauna of 
Montana age and in its higher beds brackish­
water and fresh-water shells·t.hat seem to indi­
cate later time. The· fresh-water beds con­
tain a flora that indicates Montana a.ge. 

The coal-bearing rocks of the Cerrillos, Har. 
gan, Tijeras, and. Rio Puerco fields are essen­
tialJy equivalent in age to the Mesaverde of 
the San Juan Basin. · · 

In all the coal fields west. of the mountains 
rocks of unquestioned Cretaceous age are.sepa­
rated by an unconformity fro1p. younger beds 
whose age has not been determiried beyond 
question, but which, on the basis of broad 
structural 'relations, are regarded as Tertiary 
by the writer, \vho correlates the unconformity 
with the post-Cretaceous unconformity of the 
eastern mountain·front.245 · 

PRE.VIOUS INVESTIGATIONS. 

In the following review and in the annotated 
list of publications on pages 17-34 an attempt 
is made to bring together the principal facts 
that have hitherto influenced opinion regarding 
the age of the coal beds in the s~veral coal fields 
here described. The r'eviews necessarily are 
incomplete, for the subject of the g~ologic age 
of the coal-bearing rocks of the southern Rocky 
:Mountain areas is so intimately connected with 
investigations of those farther north, and also 
with investigations of ·certain noncoal-=bearing 
formations, that a complete review would be 
l:ittle short of a history of Rocky Mountain 
stratigraphy. Many papers containing only 

, slight reference to the P,elds here described are 
o1nitted, as are also papers of a purely commer­
ciar nature, but it is t~e writer's intention to 
include all the available publications that the 
geologist will find immediately useful in a study 
of the formations described. A few. papers that 
deal_ especially with these formations and have 
had tl1e· most ~fluenc~ in shaping opinion re­
garding them are discussed below. 

Coal in the Raton Mesa region was discovel'ed 
in 1821 1 by members of the exploring party in 
charge. Qf S. I-I. Long. Little more than an 
f~.tlnouncement of its occurrence is found in the 

literature for more than 25 years, but in 1846 
Emory 6 examined the coal beds near Trinidad 
and Raton and Abert 4 collected fossil plants 
from rocks associated with the coal near Trini­
dad. ·The coal had previously ·been regarded 
by some as indicating the western outcrop of 
the Carboniferous coal measures, but Bailey/ 
who examined the fossil plants coll~cted by . 
Ab~rt, announced that the coal beds are younger 
than Carboniferous. Thus the discussion of 
the age of. the coal beds of the Raton Mesa 
region, which is not yet settled to the satisfac-. 
tion of all geologists, began·about 65 years ago. 

About 1854 I-Iayden began a study on upper 
Missouri ·River of the coal-bearing forma­
tions which he called the Lignitic group and 
which he referred to the Tertiary. Later,-the 
Tertiary age of the· rocks was questioned and 
about the year 1865 17

• 
18

• 
19 the coal beds of. 

the Raton.Mesa region be<fame involved in the 
discussion, probably because of Hayden's as­
sumption that the·. coal beds extending from 
Montana to New Mexico were of essentially the 
same age and parts of one great 'group now 
separated by erosion. This assumption was 
later modified and fin~lly proved . to be false, 
but its influence persisted for a long time. In 
1S65 R. E. Owen 16 ·found, near the top of 
Ratmi Pass, fossil plants which he states are 
''in shale of Cretaceous age," and three years 
later J.ohn L. Le Conte 20 made the staten1en~ 
that these rocks are of ''middle Cretaceous" 
age. He found coal-bearing rocks in the Raton 
field in the vicinity of Yankee, and farther west 
he examined them from rrrinidad, Colo., south­
ward to Cimarron, N. }.1ex., a distance of about 
50. miles. Near Trinidad he found marine Cre­
taceous shells near the coal-bearing rocks, p~ob­
ably in the Trinidad sandstone, and fossil 
plants associated with the coal, which he re­
.garded as Cretaceous, although Lesquereux 
later described thein as Tertiary. Le Conte 
·discussed the question of age and gave reasons 
for· placing the coal beds of the Cerrillos field 
low in the Cretaceous, the coals of the Raton 
}.1esa region in the "middle Cretaceous," those 
of the Denver Basin (Laramie) in the youngest 
Cretaceous or oldest Tertiary. Hayden's Lig­
nitic group of the Missouri River region he 
conceded to be Tertiary. Apparently the ob­
servations of Le Conte and ·Owen had little 
weig1lt with Hayden and his followers, and 
Lesquereux 24• 25• 26 maintained that the fossil 
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plants collected near Trinidad by LeConte were called La:ramie and referred to the Cretaceous, 
of Eocene age. In the meantime, J. S. New- those of southern _Colorado and New Mexico 
berry 46• 65 had studied certain coal-bearing were assumed to be Laramie also. It may be 

. rocks- in western New Mexico and had found in place in thi~ connection to recall Prof. Ne,~­
Cretaceous invertebrates above the coal. He berry'sstatement 116 that "much undeserved dis­
had also examined the coal-bearing rocks of the credit has fallen upon the remains of plants as 
Cerrillos coal field and regarded them as Cre- criteria of the age of strata, and much mischief 
taceous.· Although the full account of his work and confusion have followed the error of Dr. 
was not published until 1876, his opinion was Hayden in uniting with the Laramie the totally 
known and had weight with other investigators. distinct and independent Fort Union forma-

In 1868, after a brief examination of the tion.'' The same confusion prevailed in the 
Rato~ Mesa region, Hayden 29 referred its coal Denver Basin previous to 1896, when the work 
beds to the Tertiary. At abqut the same time resulting in th~ Denver monograph 133 proved 
Lesquereux examined. and described as Ter- that the Laramie is definitely separable from 
tiary the plants which Le Conte had collected the Denver and Arapahoe forniations: The 
near Trinidad and haq referred to-the Creta- confusion of Cretaceous and post-Cretaceous 
ceods. He also examined the plants collected formations and the commingling of Cretaceous 
in the same field 'by Hayden 24 and referred and Tertiary floras have persisted in southern 
them .to .the Tertiary. Hayden accepted Les- Colorado and New Mexico to the present time. 
quei·eux's opinion as to the age of these plants Preliminary announcements have been made 
and argued from them that the Raton fY.lesa by the writer, 215 but the full data for the sepa­
_coal beds ·were Tertiary. ration are presented in this paper for the first 

In 1872 Lesquereux 26 described 21 fossil time.· 
plants from the Raton Mesa region and 9 fr9m During 1873 · J. J. Stevenson 5° visited the 
the Cerrillos coal field and maintained that Canon City coal field and found, above some 
they indicated Tertiary age. At that time it of the coal beds, marine fossils which induced 
was not lmown that plant-bearing rocks of him to refer the coal beds to the Cretaceous; 
both Tertiary and Cretaceous age occur in both and a year later Cope 35 announced that Creta­
of these fields, all the plant-bearing rocks being ceous dinosaurs occur in· northeastern Colo­
supposed ·to constitute a single formation. rado in beds which Hayden and Lesquereux 
Such fossil localities as are mentioned for the had referred to the Tertiary. Hayden replied 
Raton Mesa regio~ indicate that probably all that as early as 1869 39 he· had pointed out 
of the plants came from the upper coaJ measures that some of the coal heds of western Colorado, 
or Raton formation, now recognized as Eocene. New Mexico, and elsewhere are of Cretaceous 
Furthermore, most of the original specimens age and argued that since the coal-bearing 
described by Lesquereux prove on examination rocks ·began to accumulate in the Cretaceous 
to be specifically ideutical with those collected and .continued into the Tertiary they should be 
more recently from the Raton formation. regarded as "transition beds," but Lesquereux 
Those from the Cerrillos field are of Tertiary seems to have consistently main-tained the po­
types and probably come from the Galisteo sitio11., based on the evidence of the fossil 
sandstone, which is now lmown to rest uncon- plants, that the _coal beds of the West are all 
formably on the coal-bearing rocks but which Tertiary. ·cope 34 about the same time attrib­
was not definitely separated from -theni until' uted to Hayden essentially the same opinion 
1912.235 As Lesquereux wa.:; describing Terti- that Le Conte had expr~sed, nam'ely, that the 
ary plants it is little wonder that P-e rp,ferred \ Cerrillos coal beds are older than the Canon 
the rocks containing them to the Tertiary. But City coals (which . had ·been correlated with 
the evidence of the plants seems to have had· those of the Raton Mesa region), and that 
little weight at the time, and the erroneou_s as- both were older than the Lignitic group, but 
sumption of Hayden and others (that the coal- stated that Hayden referred all three groups to 
bearing rocks east of the Rocky Moun~ains all the Tertiary. Newberry,46

• 
47 on the other 

belonged to one formation) prevailed; and, ha:p.d, maintained that all of the plant-bearing 
when the coal formations farther north were coal beds of New Mexico which he had .exam-· 

--
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iued were Cretaceous, and was inclined to 
place oJl of I-Iayden's Lignitic group in the 
Cretaceous. 

In 1876 I-Iayden oi, 02 published a review of 
the Lignitic gro.up, which he still referred.to the. 
]~ocene and called "Lignitic or Laran1ie." 
lie correlated the coal beds of the Raton Mesa 
fields with those of the Canon City and Denver 
fields, and. argued that they are transitional 
between Cretaceous and Tertiary. It should he 
noted in this connection that very little was 
then known regarding the age of the Raton 

. :Mesn. coals aside frmn the fact that they con­
tn.ined fossil leaves which _Le. Conte regarded as 
Cretaceous and Lesquereux as Tertiary. Ap­
parently those beds were included in the con­
troversy over the Lignitic group. principally 
because of the assumption that all· of the coal 
bods along the eastern front of the Rocky 
Mountains were 9f the same age. During the 
sa1ne yen.r (1876) appeared Newberry's·delayed 
roport,05 i1_1 which he argued that the coal beds 
of northwestern 1'f ew Mexico are in rocks of 
Cretaceous age. About the same time, also, 
St. J'ohn °7 described the geology of the Raton 
conl field. l-Ie assumed, as other geologists had 
dono,· that the coal beds all belonged to one 
fol'lnation and followed I-Iayden and Lesque­
reux in referring the1n to the Tertiary. Fron1 
rocks near Ci1narron he collected marine inver-

. tebrates, which were said to be of Fox I-Iills 
age,80 but Fox I-Iills as then used included the 
Pierre. :Bl.·om these same beds were obtained 
1nost of the Pierre fossils from the Rato:q. field 
nmned in the present paper. 

In 1877 Endlich 73 published a. description of 
the coal-bearing rocks of tho Raton Mesa re­
gion and referred them . all to the post-Creta­
ceous on the mistaken assu1nption that the 
T:r.inidad sandstone rested unconformablv ·on 
Colorado shale, whereas it .is now ~ell ro;_oWn 
that it rests conformably on the Pierre. HaY:­
den, 20 after his early reconnaissance in tills re­
gion, stn.ted that the coal-bearing rocks rested 
on Cretaceous No. 2 (Benton);· and Endlich 
nppears to have accepted th.is statement and to 
have- thought that he had found· confirmn.tory 
evidence of its truth in certain structural rela­
tions in the Trinidad field. He was obviously 
in error in th.is, as has been proved by bter in­
vestigators, but Hayden accepted this sup­
))Osed unconformity as upholding his own con­
tention that the coal beds of the Raton Mesa 

region are younger than Cretaceous. Conk­
ling 72 described the geology of the Raton field 
and noted the basal conglomerate of the Raton 
formation in Verme.io Canyon but attached no 
special significance to it. 

In 1878 Lesquereux 81 published h.is work on • 
the Tertiary flora in which he correlated the 
coal measures of the Cerrillos, Raton Mesa, and 
Canon City fields with those near Denver and 
elsewhere, and ·referred thmu to the Tertiary. 
However, the next year, ~J. J. ·stevenson,· who 
had previously exa1nined the Canon City coal 
field and found evidence of the Cretaceous ·age · 
of the coals, began a study of the Raton Mesa 
region and described the coal-bearing rocks as 
Lara1nie. He-found above the lowest coal bed~ · 
some of the same fossils that he had p1~eviou~1y 
found associated with the coal in the Cr~nyon 
City field, and he naturally concluded that they 
proved the equivalency of the fonnations. 
I-Ie found Halymenites major LesquerelL-x: and 
Oard~um-like shells above the lowest coal in the 
Raton field and described the basal conglolner­
ate of the Raton formation, although he failed 
to note its significance al).d seems to have con­
fused· it with the conglomerate of the Poison 
Canyon formation, which he observed farthe'r 
north. His reference of the coal-bearing rocks 
to t~e Laramie seems to have been accepted by 
his contemporaries. 

After Stevenson's time little advance was 
made in lmowledge of the geology of the Raton 
Mesit region ·for about 18 years~ Many brief 
references were made to the coal beds and 1nany 
minor contributions were issued during this 
ti1ne .(see pp. 26-29), but it was not until 1899 
tb,at any notable paper was published .. In 1899, 
however, R. C. Hills 143 published the Elmoro 
folio, in which the coal-bearing rocks. are all 
mapped as one formation and referred, without 

· statmnent of reasons, to t4e Laramie. · . The 
Trinidad sandstone is referred to the Fox I-Iills 
and the underlying shale to. the Pierre. 

The Walsenburg folio 148 appeared during the • 
following year and the Spanish Peaks folio 15 ~ in 
1901. These folios were published by the 
United States Geological Survey and fixed the 
stamp of approval of that organization on the 
reference of all of the coal-bearing rocks to the 
Laramie. This reference was not openly chal­
lenged until th~ present writer 2.15 discovered in 
1908 that the coai-bearing rocks in the Raton 
field are separable into two unconforn1ahle 
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formations. ·A few fossil phtnts collected at that in- the midst of . the coal-bearing rocks seems 
time from the lower formation were regarded by to have made little impression on the minds 
Knowlton as probably older than Laramie but of geologists who were familiar with it and to 
could not be -definitely-determined by him with- have escaped the notice of readers of the 
outmoreand bettermaterial. Otherfossilplants reports. Hills seems to have attached little 

• collected from the upper formation (Raton)· significance to it in the Trinidad field, for he 
(where they are more abundant and better pre- makes no mention of it in his folios. When 
served than those that had been ·collected up to the present writer. announced that .this. con­
that tin1e f~.:om the lower or Vermejo formation) glomerate marked· an unconformity, it was 
were iden.tified by Knowlton as being closely recalled thai Hills, in the Spanish Pe~ks 
related to those of the post-Cretac~ous forma- folio/ 51 had used thename "parting sandstone" 
tions of the Denver Basin, thus corroborating for a certain bed separating two groups of 
the writer's conclusion, reached from a study of coal-bearing rocks, and it was supposed that 
the ·stratigr.aphic and structu~al relations; that this sandstone might be the basal conglomerate. 
the two coal-bearing formations of the Raton of the Raton formation. Later, however, when 
field are separated by a time bre~k of consider~ the conglomerate was traced around the Trini­
able n1agnitude. dad field, it was found at a considerable dis:-

While the writer was ·working in the Raton tance above the "parting sandstone." In 
coal field G. B. Richardson 225 was examining answer to an inquiry by .the writer, Mr. Hills 
the Trinidad field. He found a conglomerate states that his "parting sandstone" is not the 
in some places within the coal-bearing rocks_..,- conglomerate· and kindly furnished the records 
and collecteg fossil plants from beds both above . of six drill holes in the vicinity of I-Iastings, all 
and below it. At that tiine, however, it had not of which show the conglom!3rate considerably. 
been clearly demonstrated that this conglon1- above. his ''parting-sandstone." · 
erate marked an unconformity, and Richardson In :1912 .Richardson 234 announced that the 
in his r_eport avoided the questi_on of the age Dawson arkose, a formation of recognized 
relations and retained the old n01nenclature, Eocene age, is probably equivalent to the 
usin.g the. word "Laramie" in quotations. Denver and Arapahoe formations, which have 

. The writer did no geologic work in the Raton long been regarded as doubtfully Cretaceous. 
Mesa region in 1909, but during the following The following year the present writer 238 an­
year he began the observations described in nounced the discovery of · dinosaurs in the 
this paper and traced the unconformity, pre- Dawson arkose, thus strengthening its correla­
viously found in the Raton field, around bo.th tion with the Denver and Arapahoe formations. 
the Raton and Trinidad coal fields, collecting ·At th~ sanie time Knowlton 239 showed that the 
fossil plants from both the Vermejo and Raton fossil plants correlate the Raton formation of 
formations. These fossils are described ·by the Raton ~1es~ region with the Dawson, Den­
Know~ton in this volume (pp. 223-43.5). ver, and Arapahoe on the north and with the, 

The subdivision of the coal-bearing rocks of Eocene Wilcox group of· the Gulf Coast on 
the Raton ~eld into two formations was fore- the south. 
shadowed as early as 187.7, when A. R. Conk- After th~ present paper was pr'actically com­
li:p.g 72 published a geologic section, measured pleted and the results had been somewhat 
in Vermejo Canyon, that showed a conglom- generally made. known through preliminary 
erate (the basal conglomerate of the Raton announcements, several papers wer.e published 
formation) about 110 feet above the .top of dealing with various phases of one of the prin­
the Trinidad sandstone. Later, Stevenson 89 cipal problems, viz, the p~sition and character 

· noted the same conglomerate and described . of the boundary between Cretaceous aild Ter­
it accurately from several places. between the tiary in the Rocky Mountain region. Among 
towns of Cimarron and Van Houten, but he these may be- mentioned two important con­
seems to have confused it with the conglom- tributions fr~~ the Gulf region, one by Stephen-: 
erate of t4e Poison Canyon formation which son, 2~4 who describes a general unconformity 
overlies the Raton formation. However, separating Cretaceous from .Tertiary beds in 
nothing is said in the_se reports of the signifi-, the Gulf States, the other by Berry 250 describ­
cance of this conglomerate, and its occurrence ing the flora of the Tertiary formations of the 
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Gulf region. The question was discussed for 
the Rocky Mnuntain region at the meeting of 
the Geological Society of America at Princeton, 
N. J., in 1913, 243 and a paper 249 in which the 
question has a conspicuous place has since then 
been published by the present writer .. In pre-· 
paring that paper the writer had at his disposal 
all the information given in the present one. 

BIBLIOGRAPHY. 

The following list shows the principal pubii­
cations that contain information relative to the 
formations in southern Colorado and northern 
New Mexico here described as well as some 
other publications to which references are 
made. The arrangement is chronologie, and 
notes are given calling attention .to informa­
tion used in this paper. The absence of notes 
means either that the publication contains no 
original information or that no specific use is 
here made of it. The prefi.xe.d numbers are 
used in the text of this paper instead of foot­
note references. Placed as they are, in chrono­
logie orcler, the publicfi:tions listed constitute a 
brief history of the investigation of the region 
described. 

This paper does not primarily consider the 
economic resources of the coal fields, so that 
little attention has been given to purely eco­
notuic reports, but the list includes some 
economic papers that contain geologic informa­
tion. On the other hand, it docs not include 
1nany publications that make casual. reference· 
to the coal fields hut giye little definite informa­
tion. The list is intended to contain all publi­
cations that give real geologic information con­
cerning the coal ~eas1.u·es here deacribed. 

1821. 

1. JAMES, EDWIN, Ge~logical sketches of the l\f.ississippi 
Valley: Acad. Nat. Sci. Philadelphia Jour., vol. 2, 
pp. 326-329, pl. 

The paper is a preliminary a'ccount of M:aj. 
Long's expedition, the full account of which was 
published inl823. The existence of coal along the 
east front of tlie H.ocky Mountains is announced, . 
and coal is said to exist (p. 328) in the "southern 
section" (probably tho Raton Mesa region). 

1823. 

2. JAMES, EDWIN, Map of the country drained by the 
1\f.ississi ppi; western section. 

Account of an expedition from Pittsburg to the 
H.ocky Mountains in the years 1819-20 by ·l\1:2.j. 
S. H. Long, atlas, 4°, Philadelphia. 

47019°-17--2 

3. LoNG, S. H., Account of an expedition froM Pittsburg 
to the Rocky Mountains, performed in. the years 
1819-20; compiled by ·Edward James, vol. 1, 5, 
503 pages; vol. 2, 442 pages, atlas, of 11 sheets, 
Philadelphia. 

The coal formation of the Canon City field is 
described (p. 44), and the statement is made that 
coal generally is found along the mountain front 
wherever the gray sandstone is met with (pp. 
·399, 405). 

1848. 

4. ABERT, J. W., Report on examination of New Mexico 
in the years 1846-47: Rept. S~c. War, Senate Doc. 
23, 1st sess., 30th Cong., pp. 3-130, 24 plates, map; 
Ex. Doc. No. 41, 30th Cong., 1st sess., pp. 417-546. 

Coal was found near Trinidad, Colo. (p. 22), and 
fossil plants were collected which were later ex­
amined by Bailey. Abert had crossed the coal 
fields the previous year but apparently had not 
n'oted the occurrene.e of the coal (p. 37). Coal 
was found in the Cerrillos field and on the Rio 
Puerco. From the Rio Puerco coal beds, at 
Poblozon, Abert collected fossils which Bailey 
determined as ·cretaceous (p. 547). · 

5. BAILEY, J. ,V., Notes con.cerning the minerals and fos­
sils collected by Lieut. J. W. Abert while engaged 
in 'the geographical examination of New Mexico: 
Rept. Sec. War, Senate Ex. Doc. No. 23, 30th 
Cong., 1st sess., pp. 131-132; 3 pis.; Ex. Doc. No. 
41, 30th Cong., 1st sess., pp. 547-548. Reviewed-, 
Am.· Jour. Sci., 2d ser., vol. 6, pp. 389-392. 

The fossil plants collected by Abert near Trini­
dad are described and three of them are figured. 
The conclusion is reached (p. 131) that the coal is 
younger than Carboniferous. 

The Cretaceous fossils collected by Abert at 
Poblozon in tl;le Rio Puerco coal field, N. Mex., · 
are described. Poblozon is a few miles north of 
San Ygnacio. 

6. EMORY, W. H., Notes of a military reconnaissance from 
Fort Leavenworth, in Missouri, to San Diego, in 
California, including parts of the Arkansas, Del 
Norte, and Gila rivers: Senate Ex. Doc. No. 7, 
30th Cong., 1st sess., pp. 5-126. 

In 1846 Lieut. Emory found coal.in the Trinidad 
field (p. 19) and also near Raton (p. 20). · 

7. TAYLOR, R. C., Statistics of coal. The. geographical 
and geological distribution of mineral combustibles 
or fossil fuel,. including also notices and localities 
of the various· mineral bituminous substances em­
ployed in the arts and manufactures (etc.), clxviii, 
754 pages, plates, maps, Philadelphia. Second 
edition edited by S. S. Haldeman, xx, 640 pages, 
plates, maps, Philadelphia, 1855. 

A sammary of early disco.veries is given (pp. 
174-176). 

8. \VISLIZENus, A., Memoir of a tour to northern Mexico, 
connected with Doniphan's expedition in 1846 
and 1847, 141 pages, 3 maps. Also Se~ate Doc. 26, 
30th Cong., 1st sess. Abstract in Am. Jour. Sci.; 
2d ser., vol.. 6, pp. 376-386. 'Geographisches 
Jahrbuch von Dr. Berghaus (Gotha), 1850. 
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In 1846 Dr. Wislizenus· visited Placer Mountain 
(Cerrillos field). He found petrified wood· (p. 29) 
but apparently did not find .the coal, although he 
refers to coal in the Raton field and on the Rio 
Puerco. On his geologic sketch map coal is shown 
in the Raton region (p. 138)~ Coal is reported 
near Cadena, Mexico (lat. 26° N., long: 105_0 JV.). 

1850. 

9. SIMPSON, J. H., Journal of a military reconnaiss;nce 
from Santa Fe, N.Mex., to the Navajo country. 

Reports of the Secretary of War; with reconnais­
sance of routes from San Antonio to El Paso, by 
Johnson and others [etc.]: Senate Ex. Doc. No. 64,. 
31st Cong., 1st sess., pp. 146-148. 

Coal was found in 1849 on the Rio Puerco north . 
of Cabezon and at several localities farther wes£ in 
northwestern New Mexico (pp. ·72, 146-147). 

1853. 

10. 'HITCHCOCK, EDWARD, Notes upon the specimens of 
· rocks and Ininerals collected. Exploration of the 

Red River of Louisiana in 1852, by Marcy, Senate 
Doc. 54, 32d Cong., 2d sess., pp. 163-178, Wash­
ington, 1853. (Another edition, pp. 140.:_155, 
1854.) . . 

The paper contain's a review oj the occurrence 
oi'coal previously described (p. 165). 

1855. 

11. MARcou, JuLES, Restimeofageologicalreconnaissance, 
extending from Napoleon, at the junction of the 
Arkansas with the Mississippi, to the Pueblos de 
Los Ang~les, in California: Report of exploratio'n 
for railway route to the Pacific Ocean, near thirty­
fifth parallel, by Whipple, vol. 4, pp. 40-48, 8°, 
House Doc. 129. Also explorations for a railway 
route from the Mississippi' to the Pacific, vol. 3, 
pt. 4; route near the thirty··fifth pat:allel, explored 
by Whipple._ Report of the geology of the route, 
by Blake, pp. 165-175, pl., 4° [House Ex. Doc. 
No. 91, 33d Cong., ·2d sess.; also Senate Ex. Doc. 
No. 78, Washington, 1856]. 

The Cretaceous coal beds near Tijeras (Tigeras 
of Marcou) seem to be confused with Carboniferous 
coal beds which occur in the Sandia Mountains 
near by (p. 45). The Cretaceous rocks under­
lying the coal beds near Galisteo. are described· 
(p. 46). 

1856. 

12. BLAKE, W. P., Report on the geology of the route.: 
Explorations for a railroad route from the Missis-

. sippi to the Pacific, vol. 3, pt. 4;· route ~ear the 
thirty-fifth parallel, explored by Whipple, 116 
pages, maps, plates, 4°, House Ex. 'Doc. No. 91, 
33d Cong., 2d sess. Includes report on fossils by. 
J. Hall, pp. 99-105, pis. 

The Cretaceous· age of the rocks exainined by 
Abert at Poblozon, on the Rio Puerco, is accepted 
(p. 34), and Whipple and Marcou are. quoted as· 
reporting coal on the Rio Puerco and near Laguna 
and Cebolleta (p. 36) in rocks·which-are regarded 
as Cretaceous. 

1860. 

13. BLAKE, W. P:~ Observations on the geology of the 
· Rocky Mountain chain in the viciriity of Santa 

Fe, N.Mex. [abstract]: Am. Assoc. Proc., vol. 13, 
pp. 314-319. . 

The anthracite coal found in 1857 near Cerrillo~ 
is described (p. '315). 

1861. 

14. BLAKE, W. P., Observations on the mineral resources 
of the Rocky Mountain chain near Santa Fe and 
the probable extent southward of the Rocky Moun­
tain gold field: Boston Soc. Nat. Hist. Proc., vol. 
7, pp. 64-70. 

The occurrence of anthracite coal near Cerrlllos 
exainined in 1857, is described. In the same con~ 
·nection the author refers to the Carboniferous coal 
beds at Santa Fe.· 

15. NEWBERRY, J. S., Geological report: Report upon the 
Colorado River of the West~ explored in 1857 and 
1858 by Lieut. Joseph C. Ives, pt. 3, 154 pp., 

. 6 pls., 4° [Senate Ex. Doc. -, 36th Cong., 1st 
· ses~.]. Abstract in Am. Jo'!-Ir. Sci., 2d ser., vol. 33, 
pp. 394-403. 

Some of ·the coal near Moqui -is described a~ 
· _Jur~ssic (p. 85) and some as Cretaceous, the latter 

associated with fossil plants-similar to those of the 
. Dakota sandstone of Kansas a.nd Nebraska. The 
Cretaceous coal of thi& author occurs both east and 
west of Fort Defiance [in the San Juan Basin] 
(p. 100). · Carboniferous fossils were obtained 

· from the coal measures at Santa Fe and samples 
of the anthracite from the vicinity of Cerrillos 
were obtained, but that locality was not visited. 

1865. 

1~. OwEN, R. E., and Cox, E. T., Report on the mines of 
New l\-Iexico, 60 pp. Abstract in Am. Jour. Sci., 
2d ser., vol. 40, pp. 391-392. 

The occurrence of coal in the Canon City field, 
in the Ra'ton Mesa region, in the Rio Puerco field, 
and near Fort Craig, on the Rio Grande, is men­
tioned (pp. 23-40). Anthracite regU!ded by these 
authors as Carboniferous in age is repor.ted at 
Placer Mountain (Cerrillos field). 

1867. 

17. HAYDEN, F. V., First Annual Report of the United 
States 9"eological Survey 'of the Territories, 
embracing Nebraska, 64 pp. Abstract on Lignite 
formation: Am. Jour. Sci., 2d ser., vol. 45, pp. 
198-208 . 

The coal measures of the Rocky Mountains are 
reported as extending southward to the Raton 
Mesa_ region and are referred to the T_ertiary (p. 
170, p. 56 of Flrst, Second, and Third Ann. Repts. 
~rinted together in 1873). 

1868. 

18. HAYDEN, F. V., Rocky ~fountain coal beds: Am. Jour. 
Sci., 2d ser., vol. 45, pp. 101-i02. 

Brief reference is made to the coal beds "all 
along the foot of the ·mountains from Pole Creek 
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far south into New Mexico." They are included 
with the author's Tertiary lignites. : 

19. liAYDJ~N, F.V., Notes on the lignitedepositsofthe West: 
Am. Jom·. Sci., 2d ser.,·vol. 45, pp. 198-208. 

Brief referm~ce is made to the New 1vlexico coal 
described by Le Conte (pp. 199, 202). A report 
by Lesquereux is quoted giving the descriptions 
of fossil plants, among which are those collected 
by LeConte at Ra.ton Pa.ss and on the Purgatoire 
River (p. 207). Lesquereux, however, refrains 
from expressing an opinion regarding the age of 
these fosslls, but Hayden uses them in Iris argu­
ment that the coal beds are of Tertia:ry age. He 
expresses the opini.on (p. 205) that there are "no 
valuable beds of lignite west of the Mississippi in 
forma.tior~s older than the Tertiary." 

20. Lm CON'l'E, J. L., Notes on the geology of the survey 
for the extension of the Union Pacific Railway 
from Smoky H:ill River, Kans., to the Rio 
Grande, 76 pages, 8°, Philadelphia. 

Coal is reported near Tijeras, N. Mex. (p. 34); 
at Tierra Amarilla, about 120 miles northwest of 
Santa Fe, N. ~fex. (p. 36); and in the Rio Puerco 
field west of Albuquerque, N.Mex. (p. 41). 

The anthracite near Cerrillos is described and 
also the occurrence of fossil plants in rocks asso­
cin.ted with it (pp. 38-40). The coal is referred to 
the Cretaceous and is sa:id to he older than the 
so-called l\farshall formation (Laramie) of the 
Denver Basin (p. 38). 

Coal was found in 1\bnco del Bmro Pass [near. 
o ·Yankee, N. Mex.], and the coal beds J;tear Tr.ini­

dad,·Wootten. Haton, Verinejo Canyon, and Van 
Bremmer Ca.nyon were examined. From certain 
fossil plants and shells found near Trinidad the 
author concludes that the coal is of "middle 
Cretaceous" age. Compared with other coal­
bearing rocks, he places the Cerrit"los coal heels low. 
in the Cretaceous; the Raton Mesa coal heels next 
h.ighet·; the Denver coal beds (Luiamie] in the 
youngest Cretaceous or oldest Tertiary; and the 
Missouri River coal beds ir; the Tertiary. 

21. --- Cretaceous coa.ls in New Mexico: Am. Jour. 
Sci., 2d ser., vo'l. 45, p. 136. 

The coa.l beds nea.r Cerrillos are correlated "·ith 
those described by Newberry in the lower part 
of the Cretaceous of northwestern New Mexico. · 

"Unmetamorphosed coal from the coal urine 
8 miles east of San Antonio and the Rio Grande" 
[probably in the Carthage field] also is mentioned 
(p. 136). 

1870. 

22. RAYMOND, R. W., Statistics of mines and mining in 
the States and Territories west of the Rocky Moun­
tains. flou~e Ex. Doc. No: 207, 41st Cong., 2d 
sess., pp. 1-805. · 

The coal beds of several localities inN ew Mexico 
are described, including those near Fort CrUig, 
Fort Wingate, Taos, the Rio Puerco field, the 
Cerrillos field, and the ·Raton Mesa region, includ-

. ing Vermejo, Raton, and Purgatoire River. 

1871. 

23. NEWBERRY, J. S., On the age of some western lignites: 
New York Lyceum Nat. Hist. Proc., vol. 1, p. 
252. 

The coal beds near Cerrillos are referred to the 
Cretaceous. 

24. LESQUEREUX, LEo, On the fossil plants of the Creta­
ceous and Tertiary formations of Kansa.s and Ne­
braska: U. S. Geol. Survey Terr. [Fourth Ann.] 
Rept., pp. 370-385. 

Under the title "Tertiary· fossil plants" ·the 
author naines several from Purgatoire Canyon, 
Raton Pass, and other localities. 

1872. 

25-. LESQUEREUX, LEo, Tertiary flora of North America: 
U. S. Geol. and Geog. Survey 'l'err. [Fifth Ann.] 
Rept., pp. 30<1-318. 

A list of fossil plants is given, including several 
from the Raton Mesa region, which the author re­
gards as indicative of Eocene age. 

26. --- An enumeration wit.h descriptions of some Ter­
tiary fossil plants from specimens procured in the · 
explorations of Dr. F. V. Hayden in 1870: U. S. 
Geol. Survey Terr. [Fifth Ann.] Rept., pp. 1-22. 

Descriptions are. given of 21 species of fossil 
plants froin Fishers Peak and ·Ra.ton Mountains 
(pp; 12-16). The .author correlates the plant­
bearing rock of Raton Mesa with those at Evans­
ton, Wyo., and with the Tertiary of the Mississippi 
Valley (p. 19). It is probable tha.t most, if not 
all, of these plants came fro·m beds above the 
unconformity. In th!s region there is little chance 
that fossil plants from below the unconformity 
would be collected before the mines were opened, 
for these fossils occur in soft shale which weathers 
quickly on exposure. 

Descriptions.·.are given of 9 species of plants 
from Placer Mountain (Cerrillos field), pp·. 16-17. 
It was supposed that these plants came from the 
coal measures, now believed. to be of Mesaverde 
age, but the locality within the field is not defi­
nitely indicated. It seems probable that they 
may have come from the Galisteo sandstone, now 
believed to be of Tertiary age. The plants named 
are of Tertiary types,as follows: · 

Populus balsamoides Goppert. 
Quercus platanea (?)fleer. 
Ficus tiliaefolia fleer. 
·Platanus guillelmae fleer. 
Cinnamomum mississippiense Lesquereux. 
Magnolia. . 
Carpolithes spirales Lesquereux. 
Carpolithes compositus Lesquereux. 
Carpolithes mexicanus Lesquereux. 

1873. 

27. CLARK, R.N., The Tertiary coal beds of Canyon City, 
Colo.: Am. Inst. Min. Eng. Trans., vol. 1, pp . 
293-296, pl.; (a) p. 90. 
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28. FRAZER, PERSIFOR, Jr., Mines and minerals of-Colo­
rado: U. S. Geol. Survey Terr. First, Second, 
and Third Ann. Repts., pp. 201-228. 

29. HAYDEN, F. V., Geological report: U.S. Geol. Survey 
Terr. First, Second, and Third Ann. Repts., pp. 
103-199. Abstracts Am. Naturalist, vol. 4, pp. 
119-121, 1871; Am. Jour. Sci., 2d ser., vol. 49, pp. 
258-263, 1869. (The Third Annual Report was 
published as a preliminary field report in 1869.) 

In this report the author notes in the Canon 
City field (p. 49) the presence of the Cretaceous 
beds up to No.5 (Fox Hills) and states that No. 5 
is capped by a rusty yellow sandstone that is re­
garded as the lowest bed of the coal formation, 
which he. refers to the Tertiary. Hayden's No. 5 
is the transition zone below what is now known as 
the Trinidad sandstone, and this sandstone is the 
one he describes as the lowest bed of the Tertiary 
and correlates with the base of the coal formation 
of the ''Laramie Plains" and also of the ''Raton 
Mountains" (p. 50). 

Below this sandstone he found Baculites ovatus 
and other shells which he regarded as "plainly 
No: 5." He expresses the opinion that the coal 
beds of Wyoming, eastern Colorado, and the Rio 
Grande are of the same age and are remnants of 
the same coal basin. He refers to Tertiary beds 
east of Spanish Peaks (p: 53) and describes the 
coal beds and the fof)sil plants near Trinidad 
(p. 54), correlating the beds with those at Canon 
City, but states that the coal beds referred to the 
Tertiary in Raton Mountains rest on Cretaceous 
No. 2 (Benton), thus making the coal measures 
unconformable on the CretaceQus shale. 

The coal beds near Cerrillos are described, and 
fossil plants were found which Hayden thinks -are 
identical with some found in "Raton Mountains" 
(pp. 67-68). He "regards all the coal beds of the 
West, including those at Cerrillos, as lower Ter­
tiary" (p. 89). ' 

In a summary (p. 90) he refers again to the Canon. 
City <;:oal beds; the Raton Hills, where he names 
the coal beds the Raton Hills group; and to the 
Placer Mountain (Cerrillos) coal beds. 

A list of fossil plants described b.y Lesquereux 
in 1868 is given (pp: 95-97). Hayden admits 
(p. 90) that the Cerrillos coal beds may be older 
than those of the Raton Mesa region. The beds· 
now known as the Galisteo sandstone are corre­
lated with the ''Monument Creek group" of the 
Denver region, which is now separated -into the 
Dawson arkose and the Castle Rock conglomerate. 

30. HrrcHcocK, C. H., and BLAKE, W. P., Geological map 
of the United States: Statistics of mines and min­
ing in the States arid Territories west of the Rocky 
Mountains, [Fifth Ann.] Rept. Statistical atlas 
of the United States, based on the results of the 
ninth census (1870), by F. A. Walker, Pis. XIII, 
XIV, folio, Washington, 1874. · Petermann's Mit­
theilungen, vol. 21, pl. 16, 4°, 1875. Special 
Rept. of Smithsonian Inst. for the Centennial, 
Washington, 1876. Atlas of the United States 
and the world, by Gray, folio, Philadelphia, 1877. 
. Reproduced (probably) by F. Ratzel, Die Ver-

einigten Staaten von Nord-Amerika, vol. 1, . 
Miinchen, 1878. 

Canon City coal is referred to (pp. ·302-305). 
31. LESQUEREUX, LEo, On the age of certain beds of 

Wyoming referred to the Tertiary by Prof. Hay­
den and to the Cretaceous by others: Am. Jour. 
Sci., 3d ser., vol. 5, pp. 308-309. 

Slight reference is made to the Trinidad field. 
32. --- Lignitic formations and fossil flora: U. S. Geol. 

Survey Terr. Sixth Ann. Rept., pp. 317-427. 
Abstracts in Am. Jom. Sci.,.3d ser., vol. 6, pp. 
441-450; Am. Natmalist, vol. 8, pp. 217-218, 1874. 

Canon City .-A section of the coal-bearing rocks, 
measured by NelsonClark,isgiven (p. 323);and the 
lowest sandstone is correlated with the sandstone 
of the Trinidad field, now known as the Trinidad 
sandstone. Fossil · plants, supposed to be of 
Eocene age, were found ·in the higher .beds of the 
section and fucoids in the sandstone near the base. 

Trinidad field.-A section of the coal-bearing 
rocks near Trinidad is given (p. 319). The shale 
below the sandstone, now known as Trinidad. 
sandstone, is referred to No. 4 (Pierre), whereas 
Hayden previously had called it No. 2 (Benton). 
Fossils from this sandstone and from the coal-bear­
ing rocks are n,amed, and the "formations are re­
garded ·as equivalent to those at Canon City, 
Colo., and at Cen;illos, N. Mex., and the coals of 
all three fields are referred to the Eocene (p. 409). 
Coal in Tijeras Canyon; near San Felipe, 12 mlles 
from the Rio Grande; in Rio Puerco field; and 
el.sewhere in Ne\v :Mexico is mentioned (p. 363). 

The Placer Mountain coals (Cerrillos field) are 
correlated with those at Raton, N. Mex., and at 
Canon City, Colo. · 

. 33. MACFARLANE, JAMES, Coal regions of America, their 
topography, geology, and development, xvi, 676 
pages, 25 maps, New York; 2d.ed., NewYork; 
3d eel., xvi, 700 pages; maps, plates, New York, 
1877. Includes map of Pennsylvania by J. P. 
Lesley, frontispiece. . 

The coal fields of southern Colorado and New 
Mexico are included with others only in a general 
way. The author refers the coal beds to the Cre­
taceous (p. 6) and states (p. 535) that the coal 
beds along the base of the Rocky Mountains [in­
cluding the southern fields] were formed during 
the Cretaceous and early Tertiary. 

1874. 

34. CoPE, E. D., On the mutual relations of the Creta­
ceous and Tertiary formations: Report on the ver­
tebrate paleontology ·of Colorado, U. S. Geol. and 
Geog. Survey Terr. Seventh Ann. Report, pp. 
427-533, pl. 

The literatme of "The Fort Union or Lignitic 
Group" is reviewed. In this "group" were in­
cluded (p. 432) the Placer Mountain (Cerrillos 
coal beds, which the author refers to the Creta­
ceous "near No.5" (Fox Hills). The opinion is 
expressed that the Cerrillos coal beds are older 
than those at Canon City, Colo., and that both 
are older than Hayden's Lignitic group . 

0 
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35. CoPE, E. D., On the Cretaceous age of the lignites of 
. the West: Acad. Nat. Sci. PlriladelphiaProc., vol. 
26, pp. 10-11, 12-13: Remarks by LeConte and 
Frazer, p. 11. 

Announcement is made that dinosaur bones 
found in northeast Colorado prove that the coal 
beds referred by Hayden and Lesquereux to the 
Tertiary are of Cretaceous age. [John Le Conte 
had referred the coal beds farther south to the 
Cretaceous in 1867 .] 

36. --- Notes on the Eocene and Pliocene lacustrine 
formations ~f New Mexico, including descriptions 
~f certain new 'species of Vertebrata: U. S. Geog. 
Surveys W. 100th Mer. Ann. Rept. (Chlef Eng. 
Ann. H.ept., 1874, App. FF, pp. ~.15-130). Abstract 
in Am. Jour. Sci., 3d t:er.:, vol. 9, -p. 151, 1875, · 

The Eocene in the vicinity of Chama River .is 
described as resting unconformably upon coal­
bearing rocks which occur below fos~liferous 
Cretaceous [the Mesaverde of later writers] (p.116). 

37. --- Review of the Vertehrata of the Cretaceous 
period fou~cl west of the Mississippi River: U. S. 

. Geol. and Geog. Smvey Terr: Bull.; vol. 1 [1st 
ser:], No. 2, pp. 5-48. 

Hayden's reference of the "Placer :Mountain" 
(Cerrillos) coal beds to the base of his Tertiary Lig­
nitlc group is quoted and the statement is made 
that "t;hey are nearer to No. 5" (Fox Hills). 

Former publications dealing with the age of the 
Canon City. and Placer Mountain coals are re­
viewed (pp. 5-48). 

3S. HAYDEN' F. v_ [General report]: U: S. Geol. and Geog. 
Survey Terr. [Seyenth] Ann. Rept., pp. 17-82. 
.Abstract in Am. Natmaiist, vol. 9, pp. 173-177, 
1875. 

Hayden sho,vs (p. 27) that the fossil plal)ts of 
his Lignitic group indicate Tertiary age, although 
the vertebrate remains, according to Cope, indi­
cate Cretaceous age, but that as early as 1869 he 
admitted that at Coalville and elsewhere some of 
the coal is Cretaceous and adds: "I am more con­
vinced that fmther south inN ew Mexico, Arizona, 
and Utah, there are coal beds of undoubted Cre­
taceous age." U e fmther ru·gues that Cope and 
Marsh are not justified in maintaining that the 
"entire lignitic group" is Cretaceous from the 
vertebrate evidence then at hand. 

39. --- Rema.rks on age of lignitic group: U. S. Geol. 
and Geog. Survey Ten. Bull.,· vol. 1 [1st ser.], 
No. 2, pp. 1-2. . 

As a preface to Cope's paper in this bulletin 
Hayden s!10ws that in 1869 he pointed out that 
the coal beds at Coalville, Utah, are probably Cre­
taceous and adds that the, greater portion of these. 
in southern Utah, New :Mexico, and Arizona are 
"of undoi.tbted Cretaceous age." He argues that' 
the coal-hearing rocks whose accumulation began 
in the Cretaceous continued as transition~! beds 
into the Tertiru·y, and that there is no marked 
break within them .. 

40.- LESQUEREUX, LEo, The lignitic formation and its fos­
sil flora: U. S. Geel. and Geog. Survey Terr. 
[Seventh] Ann. Rept., pp. 366-425. 

The question of age of the coal bedsis discussed 
and names are given of the· fossil plants from many 
places including the Cerrillot: and Raton Mesa coal 
fields: 

41. LESQUEREUX, LEo, On the formation of the lignite 
beds of the Rocky, Mountain region: Am. Jour. 
Sci., 3d ser., vol. 7, pp. 29-31. 

The author gives faCts opposing the theory that 
the coal of the Raton Mesa region, Canon City, 
and elsewhere was formed from drifted material. 

42. --- On the age· of the lignitic formations of the· 
Rocky Mountains: Am. Jour. Sci., 3d ser., vol. 7, 
pp. 546-557. 

The author discusses the age of the wet:tern coal 
beds and rep~atB his previous reference of them to 
the Tertiary. 

43. LoEw, OsQAR, A new fossil resin-"wheelerite": Am. 
Jour. Sci., 3d ser., vol. 7, 5H-572. 

ReRih was found in "Cretaceous lignite beds." 
near Nacimiento, N. ~1ex. An analysis of the 
resin is given. 

44. MARVINE, A. R., Report of Middle Park division: 
U. S. Geof. and Geog. Survey Terr. [Seventh] 
Ann. Rept., pp. 83-192. 

45. NEWBERRY, J. S., On circles of deposi~ion in second­
ary sedimentary roc~, American and foreign: 
New York Lyceum Nat. Hist. Proc., 2d ser., pp. 
122-124. Discussed by Wm:tz and Day, idem, 
pp. 124, 125. 

46. --[On the lignite flora of the far west]: New York 
Lyceum Nat. Hist. Proc., 2d ser., pp.·78-79. 

The author criticizes ari article by Lesqu~reux, 
who referred the western coals to t:he Eocene, and 
shows that in Arizona and western New Mexico 
marine invertebrates of Cretaceous age occur above 
tlie coal. 

47. -.--On the lignites and plant beds of western 
America: Am. Jour. Sci., 3d ser., vol. 7, pp. 

. 399-404. 
The author answers the argument of Lesquereux 

. contained in an article in Hayden's report for 1872 
and dissents from his views. He asserts that all 
of the piant-bearing coal.beds ln New Mexico are 
of Cretaceous age and is inclined to the opinion 
that those farther north are of the same age. 

He refers (p. 404) to an ''Echo Canyon con­
glomerate" above the coal beds and- suggests that 
it may mark the division between Cretaceous· and 
Tertiary. · 

48. PROUT, H. G. [General description of country]: Re­
port of a reconnaissance in the Ute country, made 
in 1873, by Ruffner: 42d Cong., lst sess., House 
Ex. Doc. No. 193, pp. 6-5i. 

49. RAYMOND, R. W., Remarks on the occurrence of 
anthracite in New Mexico: Am. Inst. Min. Eng. 
Trans., vol. 2, pp. 140-142. 

The author discusses the age ·of coal beds near 
Cerrlllos and the chemical character of the coal. 
He accepts Newberry's reference of the coal beds 
to the Cretaceous. 

50. STEVENSON, J. J. [Age of western lignite]: New York 
Lyceum Nat. Hist .. Proc., vol. 2, pp. 93-94. 

The writer argues 'for the Cretaceous age of the 
Canon. City coal and shows that Halymenites 
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occurs both below and within the coal-bearing 
rocks. He compares these beds with those of New 
Mexic0, which he claims are admitted to be Cre­
taceous, and with beds containing Halymenites 
and marine shells at Platteville, Colo., above 
[Laramie] coal. 

1875. 

51. CoPE, E. D., Report oil the geology of that part of 
northwestern New lv[exico examined during the 
field season of 1874: U.S. Geog. Surveys W. 100th 
Mer. Ann. Rept. 1875 (Chief Eng. Ann. Rept., 
pt. 2, App. LL), pp. 981-1017, pis. (Published 
also separately, pp. 1-196.) 

Cretaceous beds, Nos. 3 and 4, are described 
(pp. 996-997) east of Sandia Mountains [near 
Hagan]. The author's discussion of the relation 
of these rocks to· the Galisteo sandstone indicates 
that he regarded the coal beds which are above 
the marine Cretaceous as No. 4 [Pierre] or younger 
[although according to Stevenson he -placed them 
in No.3]. · 

The coal beds extending from Nacimiento 
Mountains northward are described and referred 
to Cretaceous No. 3. Marine invertebrates were 
found above these beds (p. 1000). 

A section is given in which coal is shown in 
Cretaceous No. 3, at Cristone, overla:ln by rocks 
of marine origin wi1J~ fossils supposed to indicate 
Cretaceous No. 4 (pp. 1007-1008). The author 
states that "this lignite bed extends throughout 
the region west of the Rocky Mountains wherever 
No. 3 occurs, and is the. bed which has bee.d mis­
taken for the true lignite, or No. 6 of some geolo­
gists." 

52. -- On the Cretaceous beds of the Galisteo: Acad. 
Nat. Sci. Philadelphia Proc. for 1875 [vol. 27], 

. pp. 359-360. 
The author discusses Stevenson's paper on· 

"Geological relations of the lignitic groups of the 
Cretaceous," and refers the Galisteo sandstone to 
the Triassic on the supposition that former Qbserv-
ers had inverted the section. · 

53. --The geology of New Mexico: Acad. Nat. Sci. 
Philadelphia Proc. [vol. 27], pp. 263-267. Am. 
Jour. Sci., 3d ser., vol. 10, pp. 152-153 .. 

Reference is made to the age of the Galisteo 
sandstone (p. 264). 

A. section of the rocks west of the Sie~a Madre 
is given, iricludlng both Cretaceous and Tertiary 
formations (p. 267). · 

54. --- The classification a:rid distribution of the Cre­
taceous deposits of the West: Vertebrata of the 
Cre~aceous formations of the West, U. S. Geol. 
Survey Terr. Rept., vol. 2, pp. 15-41, 4°.· 

55. HowELL, E. E.; Report ·on the geology of portions of. 
Utah, Nevada, Arizona, and New Mexico, exam­
ined in 1872 and 1873: U. S .. Geog. and Geol. 
Surveys W. 100th Mer. Rept., vol. 3, Geology, 
pp. 227-301, 4°. 

Coal measmes in Arizona, Utah, and western 
New Mex.i,co are correlated (pp. 275-280) w~th · 
those "east of ~fount. Taylor'" [the southeastern 
part of the San Juan Basin]. 

56. I,oEw, OscAR, Report upon the mineralogical, agri­
cultural, and chemical conditions observed in 
portions of Colorado, ·New Mexico, and Arizona 

·[including analyses of soils and a. chapter on "The 
eruptive rocks of Arizona and New Mexico"]: 
U. S. Geog. and Geol. Surveys ·w. lOOth Mer. 
Rept., vol._ 3, Geology, pp. 569-661,4°. 

An analysis of the anthracite from Placer 
Motmtain (Cenlllos field) is given; also an analysis 
of bituminous coal from the Rio. Puerco near 
Nacimiento (pp. 632-635)". 

The anthracite coal is said (p. 635) to have 
been mined "40 years ago" [i. e., about 1835] .. 
It is regarded as "probably Carboniferous." 
Information is given of coal at Elizabethtown, 
N . .M:ex., and near Trinidad and Canon City, 
Colo. (p. 634). · 

57. --- Geological and mineralogical report on portions 
of Colorado and New Mexico: U.S. Geog. Surveys 
"\~V. 100th Mer., Ann. Rept. 1875 (Chief Eng. Ann. 
Rept. 1875, pt. 2, App. LL, pp. 1017-1036, pub­
lished also separately, pp. 1-196). 

Cretaceous coal measures west of Nacimiento 
Motintains are described; also (p. 1027) those of 
the Rio Puerco field (pp. 1023-1026). · 

The anthracite at Placer Mountain was exam­
iri.ed; also the coal in Tijeras Canyon and ~t other 
New Mexico localities (p. 1028). 

58. STEVENSON, J. J., Geology of a portion of Colorado ex­
plored and surveyed in 1873: U. S. Geol. and 

. Geog. Surveys W. 100th Mer. Rept., vol. 3, Geol­
ogy pp. 303-501, 4°. Review by J. D. D[ana], 
Am. Jour. Sc.i.., 3d ser., vol.11, p. 412, 1876. 

The coal-bearing rocks of the Canon City field 
are described (pp. 393-398) as Upper Cretaceous, 
and three divisions of them are made-a highest 
division 250 feet thick, conglomeratic at the top; 
a middle division 175 feet thick, consisting of shale 
and beds of coal; and a lower division, 350 feet 
thick [apparently including the sandston:e herein 
(p. 165) named the Rockvale member, in which 
were found Halyntenita and impressions of shells]. 

1876. 

59. CoNKLING, A. R., Report on the geology of the moun­
tain ranges from La Veta Pass to the head of the 
Pecos: U. S. Geog. Surveys W. 100th Mer., Ann. 
Rept. 1876 (Chief Eng. Ann. Rept.l876, App. JJ), 
pp. 199-202. 

60. ENGLKMAN, H., The brown coals ofUtah and adjoining 
Territories: Am. Inst. Min. Eng. Trans., vol. 4, 
pp. 298-308. 

61. HAYDEN, F. V!, General report: U.S. Geol. andGeog. 
Survey Terr. [Eighth] Ann. Rept., pp. 19-58, pis. 
Abstract in A.m. Jour. Sci., 3d ser., vol.ll, p. 496. 

In chapter 1 ·a general review is given of the 
"Lignitic group," which the author still regards 
as lower Eocene; and he adds that "it is some­
what doubtful whether the age will ever be de-

. cided positively to the satisfaction of all." 
Chapter 2 describes the Lignitic group, as exam­

ined at Canon City, etc. Hayden reviews the 
previous work and argues that the transition from 
the marine to the fresh-water formations should 
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mark the paBSage from ·Cretaceous to Tertiary. 
He correlates the coal measures of the Canon 
City field with those of the Raton Mesa and Denver 

. regions. He refers (p. 45) to the coal-bearing_. 
rocks as the Lignitic or Laramie group. 

62. HAYDEN, :F'. V., Notes on the Lignitic group of eastern 
Colorado ·and portions of Wyoming: U. S. Geol. 
and Geog. Survey Terr. Bull., vol. 1, 2d ser., 
pp. 401-411. Reviewed in Am. Jour. Sci., 3d ser., 
vol. 11, pp. 147-14~. 

The paper .is a general discussion of the geologic 
age of the coal beds in which are involved those of 
the Raton Mesa region, Canon City, and elsewhere. 

63. LESQUEUEUX, LEo, On the Tertiary flora of the North 
American Li.gnitic, considered as evidence of the 
age of the formation: U. S. Geol. and Geog. Sur­
vey Terr. [Eighth] Ann. Rept., pp. 271-315. 

64. MEEK, P. B., Descriptions of the Cretaceous fossils 
collected on the San Juan exploring expeditioti 
under Macomb: Report of expedition from Santa 
Fe, N. Mex., to the junction of the Grand and 
Green ri.vers of the Great Colorado of the West, in 
1859, under the command of Capt. J. N. Macomb; 
pp. 119-133, plates, 4°. 

The fossils described in this report were col­
lected by Newberry· in 1859 from the Cretaceous 
,.-ocks of western New :Mexico and Colorado. 

Meek agrees with Newberry in correlating the 
"Lower Cretaceous" of the latter with the Dakota 
of the Upper :Missouri. Cretaceous section; the 
"l\fiddle Cretaceous" with the Benton and Nio­
brara formations; and the ~'Upper Cretaceous," 
excei)t the highest beds, which were regarded as 
probably Tertiary, with Pierre and Fox Hills (pp. 
121-122). 

65. NEWDEH.UY, J. s., Geological report: Report of expe­
dition from Sant!:l. Fe, N. Mex., to the junction of 
the Grand and Green rivers of the Great Colorado 
of the West, in 1859, under the command of Capt. 
J. N. Macomb, pp. 9-118, map, plates, 4°. 

'l'he Cretaceous .is subdivided into three groups: 
'l'he lowest or "Lower Cretaceous" includes the 
Dakota of other writers;· the "Middle Cretaceous" 
is made equivalent to Benton and Niobrara; and 
the "Upper Cretaceous" to th~ Pierre and Fox 
Hills (including beds at the top that later proved 
to be Tertiary). . 

"Triassic rocks containing * * * silicified 
trunks of coniferous trees" are reported east of 
Cerrillos (p. 38). [The sil~cified trees east of Cer­
rillos described by later writers· are i.n the Galisteo 
sandstone.] 

Near the mouth of Galisteo Creek fossil leaves 
said to be Cretaceous were found in yellow sand~ 
stone below the marine Cretaceous shale (p. 51). 
The description seems to indicate that these may 
be below the Dakota sandstone of the present· 
paper.] 

'l'he coal beds at the base of Placer Mountain 
[the Mesaverde near Madrid] are referred to 
"Middle Cretaceous" and the bituminous coal is 
described as changed to anthracite by igneous in­
trusion. 

In northern New Mexico [north of Jemez 
Mountains] the three subdivisions of the Creta­
ceous were recognized and traced westward 
through southwestern Colorado ·(pp, 67-71). The 
rocks near Sierra del Navajo (near the Colorado­
New Mexico line) are described as "Middle Cre­
taceous" and "UpperCretaceous" [the Mesaverde, 
Lewis, and "Laramie" formations of later writers]. 

The "brown sandstone 'and beds of lignite"· 
near Nacimiento are referred to "Middle Cre­
taceous" (p. 117). [These are clearly the Mesa­
verde formation of later writers.] 

66. STEV-ENs(m, J. J., On the geological relations of the 
Lignitic groups of the far \Vest: Am. Philos. Soc. 
Proc., vol. 14, pp. 447-475. 

The paper is a general summary of facts bearing 
on the controversy as to the age or' the Rocky 
Mountain coal beds. The author concludes by 
placing the Lignitic group in the Cretaceous. 

67. ·ST. JoHN~ 0. H., Notes on the geology of northeastern 
New Mexico: U.S. Geol. and Geog. Survey Terr: 
Bull., vol. 2, pp. 279-308, pis. 42-49. Abstract 
in Am. Jour. Sci., 3d ser., vol. 13, P- 219. 

The Raton coal.field i.s described and good maps 
and. sketches presented. St. John here acoepts 

.Hayden's reference of the coal to the Tertiary and 
· describes the concretionary fossiliferous layer 

near the top of the shale underlying the coal 
measures, the fossils from which are described at 
Fox Hills in a later publication. [From the same 
beds :were obtained most of the invertebrates that 
constitute the Pierre fauna of the Raton field in 
the present paper.] · 

68. WILLIAMS, S. G., Notes on the geology of some 10.: 
calities near Canon City, Fremont Cotinty, Colo.: 
U. S. Geol. and Geog. Survey Terr. Bull., vol. 1, 
2d ser., pp, 249-251. 

. A section of rocks about 1,000 feet thick is given, 
including seven coal beds. · 

1877. 

69. CoPE, E. D., Report on the extinct Vertebrata obtained 
in New Mexico. by parties of the expedition of 
1874: U.S. Geog. Surveys W. lOOth Mer. Rept., 
vol. 4, Paleontology, 370 pp., pis. 22-83, 4°. 
Abstract in Am. Jour. S~i., 3d ser., vol. 15, p. 56, 
1878. 

The Cretaceous west of Nacimiento and Gallinas 
· M0t~ntai1_1s is described and a cross section given 
sho,ving coal in "Cretaceous ·No. 3" [probably the 
Mesaverde coal], succeeded after a· covered. inter-
val by Puerco (pp. 1-13). · 

The relations of the Eocene to the Cretaceous 
are discussed at some length (pp. 13-:3). 

72. CoNKLING, A. R., Report on the foothilis· facing the 
· plains from latitude 35° 30' to 38°, approximately: 

U. S. Geog. Surveys \V. 100th Mer., Ann. Rept. 
1877 (Chief_ Eng. Ann. Rept. 1877, App. NN, 
pp. 1298-1303). 

The coal beds between Cimarron, N.Mex., and 
Trinidad, Colo., are described. Cretaceous shells 
were found below the coal and fossil plants ln the 
coal measures. A section was measured in 
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Vermejo Canyon showing a conglomerate about 
110 feet above the sandstone now known as the 
Trinidad. [This conglomerate is the base of 
what is now known as the Raton formation.] 

The coal mines near Trinidad are described. 
The author gives (pp. 1301-1303) a translation of 
a paper published at The Hague in 187 4 describing 
the .Maxwell land grant. It contains descriptions 
of the coal beds in Ponil Canyon, Vermejo Valley, 
and Cottonwood Canyon, in New .Mexico, and at 
Trinidad, \Valsenburg, and elsewhere in Colorado.· 

73. ENDLICH, F. M., Report as geologist of the southeastern 
division: U. S. Geol. and Geog. Survey Terr. 
Ninth An.n. Rept., pp. 103-235. ·Abstract in 
Am. Jour. Sci., 3d ser., vol. 14, p. 421. · 

Laramie (?)rocks are described as lying between 
the Fox Hills and the Puerco in western New 
Mexico (p. 189). 

Chapter V (pp. 194-215) describes post-Creta­
. ceous beds of the Trinidad region. 

The coal beds seem to lie conformably on the 
Cretaceous, although the author considers the pos­
sibility that they are really unconformable. 
Several sections, maps, and sk,etches are given. 
A cross section (XIV) shows the essential features 
as they are known at the present time, notably a 
lower and an upper group of coal beds. Endlich 
believed (p. 198) that the lower group of coals 
together with the basal sandstone (later named 
Trinidad) disappeared westward and was not pres-· 
eQ.t at the western margin of the field (see section 
XXI), from which he argues that the coal forma­

·tion really is unconformable on the Cretaceous 
shale, which he calls Colorado shale, including in 
it all rocks between Dakota and Fox Hi1ls. De­
scriptions and ana~yses are given of the coal from 
the Trinidad, Canon City, and other coal fields. 

He argues (p. 206) that No. 5 (Fox Hills) is 
absent from the Trinidad field and that the coal-

. bearing rocks rest unconformably on the Creta­
ceous. He concludes (p. 211) that the coal beds 
of Trinidad ·and Canon City should not be consid­
ered Cretaceous or Tertiary but should form a 
transition group between the two. 

74: MAcFARLANE, JAMEs, Coal regions of America, their 
topography, geology, and development, xvi, 676 
pp., 25 maps, New York, 1873; 2d ed., New York; 
3d ed., xvi, 700 pp., maps, p1s., New York, 1877. 

The author describes the coal bed.s of the Cer­
rillos field and mentions those of the Rio Puerco, 
Raton, and .other New Mexico fields (pp. 72-76). 

75. HAYDEN, F. V., Letter [on general results]: U .. S. 
Geol. and Geog. Survey Terr. Ninth Ann. Rept., 
PP.· 1-28. Abstract in Am. Naturalist, vol. 10, 
pp. 16f-162,"1876. 

Hayden refers (p. 4) to Endlich's work con-· 
tained in this volume and asserts that the observa­
tions there described prove that the coal at Trini­
dad is not Cretaceous. 

76. ---U.S. Geol. and Geog. Survey Terr. Geological 
and geographical atlas o£ Color;:tdo and portions of 
adjacent territory, folio 22, double folio atlas 
sheets. (2d ed. corrected to date, 1881.) · 

Detailed geologic sheets, by Endlich, W. H. 
Holmes, Peale, .Marvine, and C. A. White. 

The marine shale (apparently both Mancos and 
Lewis of later writers) in northern New Mexico 
west of the Rocky Mountains is mapped as Colo­
rado shale. The coal-bearing rocks [apparently 
including both Mesaverde and "Laramie, '' and 
probably including also some of the Terti~ry] are 
mapped as Fox Hills. The Wa~atch .is mapped as 
resting on Fox Hills at the eastern margin of the 
San Juan Basin and on Laramie farther to the west 
near Durango and elsewhere. The Cretaceous 
formations mapped are Dakota; Colorado, includ­
ing Benton and· Niobrara; Fox Hills, including 
Pierre and Fox Hills.prqper; and Laramie. In the 
Canon City and Raton Mesa regions the coal-bear­
ing rocks are designated as Laramie and the shale 
underlying them as Colorado. No Pierre or Fox 
Hills is indicated in either of these regions. 

77. PoTTER; W. B., The character and composition of the 
lignite coals of Colorado: Am. Inst. Min. Eng. 
Trans., vol. 5, pp. 365-375. 
·Descriptions and chemical properties are given 

of coal from the Trinidad, Raton, and Canon City 
coal fields, and elsewhere, also of graphite from 
Raton. · 

78: WHITE, C. A., Report upon the invertebrate fossils col­
lected in portions ofNew Mexico and Arizona by 
parties of the expeditions of 1871, 1872, 1873, and. 
1874: U. S. Geog. Surveys W. lOOth Mer. Rept., 
vol. 4, Paleontology, p. 1, 219 pages, pis. 1-21, 4°. 
Abstract in Am. Jour. Sci., 3d ser., vol. 12, pp. 
62-63. 1876. 

1878. 

79. ENDLICH, F. M., Catalogue of minerals found in Colo­
rado: U. S. Geol. and Geog. Survey Terr. Tenth 
Ann. Rept., pp. 133-159. 

80. HAYDEN, F.· V., Remarks on lignitic formation of the· 
West: U. S. Geol. Survey Terr. Rept., vol. 7, 
Contribl.ltions to the fossil flora of the \Vestern 
Territories, p. 2, the Tertiary flora, by Leo Les­
quereux, pp. iii-ix, 4°. 

The author defines Lignitic group (p. 4) as the 
"coal-bearing strata lying above the Fox Hills 
group-and embraced in the divisions Laramie 
and Fort Union groups." The name "Lignitic" 
is abandoned because of the occurrence of. coal at 
lower horizolts. 

81. LESQUEREUX, LEo, The Tertiary flora:. U. S. Geol. 
and Geog. Survey Terr. Rept., vol. 7; The lignitic 
formations of North America, pt.1, pp. 1-31; Dis­
tributionofTertiaryfossil plants, pt. 2, pp. 33-301; 
Age of the lignitic formations, etc., pt. 3, pp. 309-
366; 65 pls., 4°. Reviewed by E. D. Cope, Am. 
Naturalist, vol. 12, pp. 243-246. 

The geology of the various localities from which 
fossil plants were obtained is outlined, including 
Canon City; the Raton Mesa region, and Cerrillos. 

The fossil plants from Placiere (Cerrillos) are 
included in the Tertiary flora, and the rocks con­
taining them correlated with the coal measures of 
the Raton Mesa, Canon City, Denver, and other 
fields (p. 314). 
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1879. 

82. CoPJ~, E. D., The relations of the horizons of extinct 
Vertebrata of Emope and North America: U. S. 
Geol. and Geog. Survey Terr. Bull., vol. 5, pp. 
33-54. 

Puerco (?) is shown as occurring above Laramie 
(p. 50). . 

"The Puerco marls * * * first observed by 
me [Cope] in New Mexico in 187;1" were referred 
by Endlich in 1875 (p. 52) ''to the lowest place in 

·the Tertiary ser!es, but the absence of fossils ren- · 
ders it difricult to conclude whether they belong 
here or in the Laramie series.'' 

83. MILLI~R, S. A., North American Mesozoic and Cenozoic 
geology and paleontology: Cincinnati Soc. Nat. 
Elist. Jom., vol. 2, pp. 140-161, 223-244, 1879; 
vol. 3, pp. 9-32, 79-118, 165-202, 245-288, 1880; 
vol. 4, pp. 3-46, 93-144, 183-234, 1881. Also 
issued 338 pp., Cincinnati, 1881. 

· 84. STEV.I~NSON, J. J., Report on a special geological party 
operating in Colorado and New Mexico from Span­
ish PGaks to the south, field season of. 1878 (and 
1879): U.S. Geog. Surveys 100th.Mer. Ann. Rept., 
1879 (Chief Eng. Ann. Rept. 1879, App. 00, pp. 
271-281). 

The ·R.aton Mesa region is described and' a gen­
eralized section given in which· appear 32 coal 
beds [many of which are now known to be parts 
of essentially the same beds]. A Cardium is re­
ported from the coal beds; also Halymenites was 
foun.d in rocks above the sandstone now known as 
Trinidad (p. 279). 

85. ---Geology of Galisteo Creek, New Mexico: Am. 
Jour. Sci., 3d ser., vol. 18, pp. 471-475. 

The coal beds north of Placer Mountain (Cerril­
los .field) are referred to the Laramie, and the 
underlying shale exposed near the town of Galis­
teo, to the Pierre, Niobrara, and Benton (p. 471). 

"The Galisteo group" is described as lying un­
conformably on beds ranging from Laramie to 
Dakota. [This probably is not the Galisteo sand-
stone of other writers.] · 

86. WHITE, C. A., lteport on the paleontological field work 
for the season of 18i7: U. S. Geol. and Geog. Sur-· 
vey Terr. Eleventh Ann. Rept., pp. 161-272. 
Abstracts in Am. Naturalist, vol. 12, PP• 103-106, 
1878; Am. Jour. Sci., 3d ser., vol. 15, p. 59, 1878 .. 

A list is given (pp. 267-268) of fossils collected 
by 0. H. St. John near Cimarron, said to come 
from the Fox Hills, wh.icl1 as used by "\Vhite in­
cluded the Pierre. Apparently they are from the 
zone of limestone concretions 100 to 400 feet below 
the base of the Trinidad sandstone, in what is now 
regarded as Pierre. The greater part of the paper 
is devoted to the fields north of those described in 
this paper. 

1881. 

87. Ll~SQUEREUX, LEo, Remarks on the Cretaceous and 
'l'ertiary flora of the Western Territories: Am. 
Naturalist, vol. 16, pp. ·102-108. · 

88. ST.EVENSON, J. J., Note on the Laramie group of south- . 
ern New Mexico: Am. Jour. Sci., 3d ser., vol. 22,. 
pp. 370-372. 

See No. 89 (below), p. 223. 
The statement is made (p. 370) that the Laramie 

(so called) is practically continuous from Galisteo 
Creek southward for 150 miles. [This is an error 
probably arising from the fact that coal occurs 
near "San Pedro" about 10 miles south of the 
Galisteo and also ne~r another ''San Pedro" about 
150 miles to the south. The coal near San Pedro 
and San Antonio referred to by J. M. Robinson, 
whom Stevenson quotes, is probably the coal of 
the Tijeras field, but it is not certain how much of 
the description refers to this field and how much 
to the Carthage field near the ''San Pedro" farther 
to the south.] 

Ostrea ·congesta was observed "high up in the 
Laramie" of the Cerrillos field; and Ostrea glabra, 
Anomia, Corbula (3 species), Camptonectes (?), 
and Tellina (?) were obtained from the coal 
measljl"es near San Pedro [probably from the 
T~jeras field] and identified by R. P. Whitfield 
(p. 371). 

89. STEVENSON, J. J., Report upon geological examina­
tions in southern Colorado and northern New Mex­
ico during the years 1878 and 1879: U.S. Geog. 
Surveys VV. 100th Mer. Rept., vol. 3, suppl., 420 
pp., pl., 3 maps, 4°. (The maps were issued in 
1877 to accompany folio geologic atlas of the sur-

. veys west of the 100th meridian.) 
A review is given of former explorations and 

investigations. Chapter 9 contains a description 
of "the Laramie group" of the Raton Mesa and 
Cerrillos coal fields. 

A conglomerate is described in the Raton field 
(p. 124), but the conglomerate ·at the north end 
(which belongs to the formation later named 
Poison Canyon) seems to be confused with the 
older conglomerate exposed in Cimarron Canyon. 
The older conglomerate (which belongs to the 

· Raton formation of the present report) containing 
"many pebbles of gneiss and quartzite" is de­
scribed in the southern part of the Raton field 
(p. 125). It was noted on Crow Creek (.Van 
Houtem) where "its under sirrface is covered with 
a close mat of small cylindrical bodies 1 inch long 
and one-fifth of an inch in diameter. They may 
be casts of fucoids." (See also p. 264.) It is 
further ~tated that "at most localities a 'variable 
sandstone overlies the 'Trinidad coal bed '-or 
second thick bed of coal above the base of the coal 
measures (see. section on p. 105)-and contains 
some conglomerate ·layers, fos~il plants, and a 
Cardiwn-like shell, similar to shells found in the 
Trinidad sandstone, was found in the coal-bearing 
rocks i.n Ponil Canyon. Fish teeth and a Cardium 
like the. one named above were found in Po nil 
Canyon in the Trinidad sandstone" (p. 126). 

'The "Galisteo coal field" (Cerrillos field) is 
briefly described and a detailed section of the 
coal-bearing rocks near the "western edge of the 
area" is given, and the rocks referred to the 
Laramie (pp. 126-130). 

The subdivisions of Low~r, Middle, a~d Upper 
Cretaceous are ·adopted, but "Upl?er Cretaceous" 
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is here made equivalent to No. 5 (Fox Hills) and 
a part of No.4 (Pierre), and "l\fiddle Cretaceous" 
is made to include part of No. 4 (p. 132). · On 
the maps_ "Middle Cretaceous" is designated as 
Colorado. 

The coal beds of the Galisteo area are correlated 
directly w:lth those of southern Colorado (Trinidad 
field) and with those of northern Colorado .(Denve:J,' 
field) and Wyoming (p. 100). 

The writer states that Newberry regarded the 
coal beds near Chama and farther to the north and 
west as younger than· the . Galisteo coal beds 
(p. 145). The Galisteo coal beds are correlated 
with N ewberry~s Upper Cretaceous of the Cham~ 
region [Newberry himself had referred them to 
"Middle Cretaceous"]. 

Cope's description of the rocks near Chama in 
the Wheeler reports (Nos. 36 and 5i of this list) is 
quoted as proof that Cope· was describing the 
Upper Cretaceous of Newberry. Stevenson uses 
this for ~correlating with his Laramie. 

Inoceramus and Ostrea were found in the Lara­
mie.(so called) of the Galisteo area (p. 155). 

His Galisteo group is referred to the Tertiary 
(pp. 159-162). [The description and the mapping 
indicate that Stevenson's Galisteo is quite dif­
'ferent from the Galisteo of other authors and is 
P-';Obably younger, for it lies with marked angular· 
unconformity on the older rocks. The Galisteo 
sandstone of other authors is evidently regarded 
by Stevenson as a part of his Laramie (see author's 
fig. 49).] . 

Detailed descriptions and sections of th~ coal-· 
bearing rocks are giv.en (pp. 328-346). 

Chapter 10 contains a discussion of the relations 
of the Laramie and a conclusion that it belongs in 

· the Cretaceous. 
Chapters 13 and 14 contain sections of the coal 

beds of the Raton ·Mesa region and detailed 
descriptions. ' 

Pennsylvania fossils were found on South Fork 
of Purgatoire River with red sandstone above and 
below them (p. 223). 

Conglomerate [the basal conglomerate of the 
Raton formation] is shown in a section measured 
in Vermejo Canyon (p. 249). ' 
· A detailed section is given of the coal measures 

in the hogback 1- mile north of. Vermejo Gap 
(pp. 258-259). The coal-bearingrocks are shown to 
be about 213 feet thick with 12 beds of coal3 inches 
or more in thickness. The highest 'sandstone of the 

· section [obviously the basal conglomerate of the 
Raton formation] is correlated· [erroneously] with 
the cliff-making sandstone above the coal beds in 
V ermejo Canyon near Dawson. 

90. STEVENSON, J. J., u.s. Geog. Surveys vV. 100th Mer., 
atlas, 1881. For geology of New Mexico localities, 
see atlas sheets Nos. 69 (B), 69 _(D), 70 (A), 70 (C), 
77 (B), 78 (D). 

The coal-bearimg rock-.s ;tre mapped as Laramie 
and the shale under them as Colorado .. 

1882. 

91. Co:PE, E. D., The Tertiary formation of the central 
region of the Uni'ted States: Am. Naturalist, vol. 

. 16, pp. 177' 195, pl. . 
The coal beds near Gallinas Mountains, N. Mex., 

are mentioned (p. 180) and a section farther north 
including the coal measures near the Colorado­
New Mexico line is described (p. 181). (See also 
U.S. Geol. and Geog. Survey Terr. [Seventh] Ann. 
Rept., 1875, opp. p. 189.) 

92. STEVENSON, J. J.,.Notes on the coal field near Canyon 
City, Colorado: Am._ Philos. Soc. Proc., vol. 19, 
pp. 505-521, 1882. Abstract in Am. Jour. Sci., 
3d ser., vol. 23, p. 152. · 

Several detailed geologic. sections and a gen­
eralized section showing th,e occurrence of 13 beds 
of coal are given. Palm leaves ~ere found in the 
shaft' of the Rockvale mine between Halymenites­
bearing sandstones {p. 511). The record of a bore 
hole is given, showing six beds of coal below the 
sandstone, herein named Rockvale sandstone. 

Reference is made to the Trinidad and Cerrillos 
coal fields. 

1883. 

93. LESQUEREUX, LEo, .Contributions to the fossil flora of 
the western Territories; part 3, The Cretaceous 
and Tertiary floras: U.S. Geol. Survey Terr. Rept., 
vol. 8, xii, 283 pp., 59 pis., 4°. 

Lists and descriptions of fossil plants from the 
Cerrillos, Raton, Mesa, and· other. coal fields are 
given (pp. 115-126). 

94. WHITE, C. A., Late observations concerning themollus­
. can fauna and the geographical extent of the 
Laramie group: Am. Jour. Sci., 3d ser., vol. 25, 
pp. 207-209 .. 

Fossil shells occurring between Mexico and the 
Saskatchewan are described. The author criti­
cizes·a statement regarding the molluscan fauna 
of the Laramle in Geikie's textbook and throws 
doubt on Stevenson's observations that marine 
fossils were collected from the Laramie. 

1884. 

95. CoPE,· E. D., The Vertebrata of the Tertiary forma­
tions of the West: U.S. Geol. Survey Terr. Rept., 
vol. 3, xxxv, 1009 pp., 75 pis, 4°. Reviewed in 
Scien~, vol. 5~ pp. 467-469, 1885. · 

In the table of formations Puerco and Laramie 
are included under post-Cretaceous (:p. 42), 
although it is stated (p. 4) that the Puerco belongs 
to the "Tertiary rather than the post-Cretaceous"; 
and Fox Hills .is used as a group name to include · 
the Pierre and Fox Hills proper. A cross section 
west of Gallinas Mountains is given, showing 
"lignite." below the so-called Fox Hills. 

96. EMMONS, S. F., Address of the president (sketch of 
. geology of the Rocky Mountain district): Colo­
rado Sci. Soc. Proc;, vol. 1, pp. 3~12. 
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9G. 

97. 

~8. 

9!). 

1885. 
I 

CoPB, E. D., Relations of the Puerco and Laramie de-
posits: Am. Naturalist, vol. 19, pp. 985-986. . . 

Observations·from David BP!dwin's notes are 
quoted, supplementing previous observations by 
the writer and others. '!'he J1aramie (so-called) 
is sa.id to overlie the Fox Hills, to be 2,000 feet 
thick at A11i.mas City, N. Mex., and to contain 

·characteristic dinosaurs. '!'he Puerco is said to 
overlie the Laramie with apparent conformity but 
is faunally distinct. It is sometimes included 
"with the Laramie in post-Cretaceous series." 

Du'l"L'ON, C. E., Mount Tn.ylor and the Zuni plateau: 
U. S. Geol. Survey Sixth Ann. Rept., pp. 105-
198, pis. 11-12. Abstracts in Am. Jour. Sci., 3d 
ser., yol. 34, pp.155-157, 1887. Science, vol.10, • 
pp. 317-318, 1887. 

EMMONS, S. F., Geological sketch of -the Rocky 
Mountain division: Tenth Census, vol: 18, sta­
tistics and technology of the precious metals, pp. 
60-104, 4°. 

SAVAOl~, J., Notes on the geology of the Spanish· 
Peaks: Kansas Acad. Sci. Trans., vol. 9, pp. 
113-114. 

100. STEVENSON. J .. r.,· Some notes respecting metamor­
phism: Am. Phi.los. Soc. Proc., veil. 22, pp. 161-
HiG. Abstract in Am. Jour. Sci., 3d ser., vol. 29, 
p. •114. 

Brief reference is made to the anthracite 
coal of Placer Mountain (Cerrillos field) and to 
the metamorphosed coal near 'frinid·,td and near 
Raton (p. 166). Several sections are given of 
the H.aton coal bed. 

:101. WARD, L. F., Synopsis of the flora of . the Laramie 
group: U. S. Geol. Survey Sixth Ann. l~ept., 

})p. 399-557, pis. 31-65. Abstracts in Am. Nat­
uralist, vol. 21, pp. 1011-10i2, 1887. Am. Geolo­
gist, vol. 2, pp. 56-58, 1888. Review in Science, 
vol. 10, pp. 150-151, 1887. 

A· historical review of opinion regarding the 
Lamm.ie is g1vcn. A list of fossil plants includes 
some from the Raton Mesa region. 

1886. 

:102. WHITE, C. A., On the relation of the Laramie mollus­
can fauna to that of the succeeding fresh-water 
Eocene and other groups: U .. S. Geol. Survey 
Bull. 34, pp. 391-442, 5 pls .. Abstract in Science, 
vol. 10, pp. 126-127, 1888. Pop. Sci. Monthly, 
vol. 33, p. 420, 1888. · 

'103. 

104. 

'fhe relation of Laramie (so-called) and Puerco 
is discussed and some of the invertebrates from 
the Puerco near Nacimiento are described. 

1887. 

Ll~SQUEREUX, LEo, Prof. L. F. Ward's synopsis of 
the flora of the Laramie group: Am. Jour. Sci., 
3d ser., vol. 34, pp. 487-488. 

Rioos, R. B., "Natw·al coke" from Purgatory Canon, 
N. Mex: (Colo.): In U.S. Geol. Survey Bull. 42, 
p.147. 

1888. 

105. lRLSENG, M. ·C., Report on oil fields of Fremont 
County: Colorado School of Mines Rept. of field 
work and analyses, 1886, pp. 67-80, pl. 

. 1889. 

106 .. HILLS, R. C., The recently discovered Tertiary beds 
of the Huerfano Rivet basin, Colorado: Colo­
rado Sci. Soc. Proc., vol. 3, pt. 1, pp. 148-164. 

107. -- Address: The field for ·original work on the 
Rocky Mountains: Colorado Sci. Soc. Proc., 
vol. 3, pp. 168-184. 

109. STEVENSON, J. J., The Mesozoic rocks of southern 
Colorado and northern New Mexico: Am. Geolo-

. gist, vol. 3, pp. 3!H-397. . 
The coal-bearing rocks of the Canon City, 

Trinidad, Raton, and Galisteo (Cerrillos) coal 
fields are referred to the Laramie (pp. 3!H-392). 
Rocks of Fox Hills age are supposed to occur 
below the coal near Canon City and Trinidad, 
Colo., but to thin out farther to the south, and are 
"supposed to be absent" in the Galisteo area. 

110. WARD, L. F., The geographical distribution of fossil 
plants: U. S. Geol. Survey Eighth. Ann. Rept., 
pp. 663-960, pl. Jxi. 

Colorado and New Mexico (pp. 911-916). 
The discoveries of fossil plants in the Rio 

Puerco, Cerrillos, Raton Mesa, and other coal 
fields are reviewed. 

1890. 

lll. CoPE, E. D. [Remarks on the age and stratigraphic 
components of the Laramie group]: Geol. Soc. 
America Bull., vol. 1, p. 532. Am. Naturalist, 
vol. 24, p. 569. 

'!'he Puerco, containing "about 100 species of 
mammalia, " is said to rest on the Laramie, which 
also contains some mammals and dinosaurs of 
Cretaceous age. 

112. El\t:MONS,·S. F., Orographic movements in the Rocky 
Mountains: Geol. Soc. America Bull., vo1. 1, 
pp. 245-286. Abstract in Am. Naturalist, vol. 
24, pp. 211-212. 

"I ha,:e lai~ stress upon the importance of the 
movement at the close of the coal-bearing Lara­
mie in the Rocky Mountain region, and I desire 
to protest agmnst what seems to be a tendency 
among those who are studying the paleontology 
of the region to give little weight to it, or even to 
neglect it altogether, in their determination of 
horizons. It is unquestionably one of the most 
important events in the orographlcQ-1 history of 
the entire Cordilleran system. With the ex.cep-

. tion of the great unconformity between the 
Archooan and all overlying sediments * * *. 
no movement has left such definite evidence as 
that which followed the .deposition of the cosl­
bearing rocks to which the name Laramie has by 
univerf!al consent been applied" (p. 285). 

113. -.--Colorado: Mac~arlane's Geol. Railway Guide, 
2d ed., pp. 289, 297-308. 
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114. Hn.Ls, R. C., Additional note on the Huerfano beds: 
Colora.do Sci. Soc. Proc., voi. 3, pp. 217-223. 

115. --- Additional notes on the erupti'ons of the 
Spanish Peaks region: Colorado Sci. Soc. Proc., 
vol. 3, pp. 224-227.. 

116. NEWBERRY, J. S., The Laramie group, its geologic 
relation, its economic importance, and its faima 
and flora: NewYorkAcad. Sci. Trans., vol. 9, pp. 
27-32. Abstraet(byauthor)in Geol. Soc. America 
Bull~, vol. 1, pp. 524--:-527, 527-528, with discus~ 
sion byJ. B. Tyrrell, L. F. Ward, J. J. Stevenson, 
and E. D. Cope, pp. 527-532. Other abstracts in 
Am. Geologist, vol. 5, p. 118;· Am. ~aturalist, 

vol. 24, pp. 856-857. 
Casua.l reference is made to southern Colorado 

and northern New Mexico coal fields. 
A discussion of the Laramie problem is given, 

in which it is shown that confusion has arisen 
from grouping together formations of totally 
different age. , 

"Much undeserved discredit has * *. * 
fallen upon the remains of plants a11 criteria of the 
age of strata and much mischief and confusion 
have followed the error' of Dr. Hay,den in uniting 
with the Laramie the totally distinct and inde~ 
pendent Fort Union formation" (p. 28). 

117. STEVENSON, J. J. [Remarks on the differentiation of· 
the Colorado group in Colorado and New Mexico]: 
Geol. Soc. America Bull., vol. 1, p. 532. Am. 
Naturalist, vol. 24, pp. 568-569. Discussion ~f 
paper by J. S. Newberry on "The Laramie 
group." 

Reference is made to the Canon City, Raton 
Mesa, and central New Mexico coal :fields. The 
writer states that the Fox Hills thins out to the . 
south in New Mexico, but that the other Creta­
ceous formations continue around the mountains 
to. the Rio Grande. [These formations are not 
known to exist over a large area at the southern 
end of the mountains, and although they may 
have been continuous at one time, they are far 
from being continuous now.] 

118. VAN DIEST, P. H., ;Remarks on the plication of the 
coal measures in southeastern Colorado and 
northeastern· New Mexico: Colorado Sci. Soc. 
Proc., vol. 3, pp. 185-190. 

Some· of the structural features of the Raton 
coal :field are described and the presence of 
"nutlike lumps of coal" in tb,e basal conglomer­
ate of what is now known as the Raton formation 
near Vermejo Park is announced. 

119. WARD, L. F. (Remarks on the age of the Laramie 
group]: Geol. Soc. America Bull., vol. 1, pp. 
529-532. Am. Naturalist, Vol. 24, pp. 564-568. 
Discuf3Sion of paper by J. S. Newberry on "The 
Laramie group." 

1891. 

120. ELDRIDGE, G. H., The Flor~nce oil :fields, Colorado: 
Eng. and Min. Jour., .vol. 52, p. 422. 

121. HILLS, R. C., Orographic and structural features of 
Rocky Mountain geology: Colorado Sci. Soc. 
Proc., vol. 3, pp. 362-458, pl. 

!1.22. HrLLS, R. C., Types of past eruptions in the Rocky 
Mountains: Colorado Sci. Soc. Proc., vol. 4, pp .. 
14-32. 

123. -- Address of the retiring president: Colorado. 
Sci. Soc. Proc., vol. 3, pt. 3, pp. 359-458. 

For "the Laramie movement," see p. 380. 
Among the post-Laramie beds are included the· 
Poison Canyon of the Raton Mesa region and the· 
conglomeratic s;ndstones of the Canon City :field .. 

124. LAKES, ARTHUR, The fuel resources of Colorado: Am .. 
Geologist, vol. 8, pp. 7-19. 

1892. 

125. CRoss, WHITMAN, Post-Laramie deposits of Colorado:­
Am. Jour. Sci., 3d ser., vol. 4.4, pp. 19-42. 

The Denver and Arapahoe ·formations are· 
described as separated from the Laramie by a 

.long period of important orographic disturbances 
(p. 20). "Great angular unconformity exists 
between the Laramie and the Poison Canyon 
beds" (p. 21) .. The conglomeratic beds of the 
Canon City :field are correlated with the Denver 
and Arapahoe (p. 25). The Animas formation 
near Durango is described among the post-Lara-· 
rnie formations (pp. 25-27). 

l26. ELDRIDGE, G. H., The Florence oil :field, Colorado:: 
Am. Inst. Min. ~ng. Trans., vol. 20, pp. 442-462 .. 

127. HILLS, R. C., Coal :fields of Colorado: U. S. Geol.. 
Survey Mineral Resources, · 1892, pp. 319-365,. 
1893. 

1893. 

128. EMMONS, S. F., Excursion to the Canyon of the Colo-· 
rado-Itinerary, Denver, Colo., to Albuquerque,. 
N.Mex.: Cong. geol. internat., 5th sess., Compt~ 
rend., pp. 464-468. 
. The reference of the coal beds near Ortiz in the­

Cerrillos :field· to the Laramie is accepted. Coal 
measures of the Raton Mesa :fields are referred to. 

129. --- Idem, Itinerary, Canyon City to Colorado· 
Springs, Colo.: Cong. geol. internat., 5th sess., 
Compt. rend., pp. 428-429. 

Describes the _geology along the railroad be--
tween these points. . 

130.' KNOWLTON, F. H., Annotated list of fossil plants of 
the Bozeman, Mont., coal :field, with table of dis-· 
tribution and description of new species: The· 
Laramie and the overlying Livingston formation 
in Mon_tana: U. S. Geol. Survey Bull. 105, pp. 
43-63, pis. v-vi. Abstracts in Am. Jour. Sci., 3d 
ser., vol. 44, p. 334, 1_892; Washington Bioi. Soc •. 
Proc., vol. 7, pp. '153-154, 1892. 

The localities and the collectors of the material 
on which the paper is based are mentioned. A 
list of species and descriptions of new species are· 
given, also a table showing their geologic distri­
bution. Brief reference is made to the Laramie. 
(so-called) of the Raton Mesa region. 

1894. 

131. HoLLICK, ARTHUR, A new fossil Nclumbo· from the· 
Laramie group at Florence, Colo.: Torrey Bot~ 
Club Bull., vol. 21, pp. 307-310. 
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1895. 

132. OsnouN", H. F., and EARLE, CHAULES, Fossil mani~ 
mals of tho Puerco beds: Am. l\{us. Nat. Hist. 
Bull., vol. 7, pp. 1-70, figs. 1-21. 

'l'ho coal 'Qeds below the Puerco are assumed to 
bo Laramie, and the Puerco is said to ·contain 
"several Laramie reptiles" (p. <1). 

1896. 

133. KMMONS, S. F., Cuoss, 'VHITMAN, and ELDRIDGE, 
G. ·rr., Geology ofthe Den~er Basin in Colorado: 
U.S. Geol. Survey Mon. 27, 189G. 

134. ST1~v•~NSON, J. J., The Cerrillos coal fields near Santa 
Fe, New Mexico: New York Acad. Sci. Trans., 
vol. 15, pp. 105-122. Abstracts in Geol. Soc. 
America Bull., vol. 7, pp. 525-527; Science, new 
ser., vol. 3, pp. 392-394. · 

The statement is reiterated that the Fox Hills 
of t110 Rocky Mountain region is not represented 
in this area and the coal beds are assumed to be 
Laramie (p. 111). Sections of the coal-bearing 
rocks are given, the characteristics of the coal are 

. described, and several analyses of the coal are 
given. The metamorphosis of the bitumino~s 
coal into anthracite is discussed. 

1897. 

135. FI,El\UNO, J. W. [Coal mines of New Mexico]: Rept. 
Governor of New Mexico to Secretary oJ Interior, 
Washington, 1897, pp. 91-115. 

The report contains a geologic section of the 
rocks exposed near Madrid in the Cerrillos coal 
field. Coal mines in northern New Mexico, near 
Monero, are referred to. 

1898. 

136. FLJ~MING, J.,w. [Coal mines of New Mexico]: Rept. 
of Governor of New Mexico to Secretary of Inte­
rior, Washington, 1898, pp. 56-86. 

The report contains a geologic section of rocks 
exposed near Madrid in the Cerrillos coal field. 
The mines at Monero are described, where three 
beds of coal mnging· in thickness from 3 feet 6 
inches to 3 feet 10 inches have been opened. 

137. HosJ~A, R. M., Anthracite in the Rockies: Mines and 
Minerals, vol. 18, pp. 529-533, 5 figs.; vol. 19, pp. 
7-0, 2 figs. 

138. H•~mucK, C. L., The geology of the San Pedro and the 
Albuquerque districts [N:Mex.]: Denison Univ. 
Sci. Lab. Bull., vol. 11, pp. 93-116, pl. 13. 

The coal-bearing rocks outcropping on the 
Rio Puerco (p. 97) and those of the Tijeras field 
(pp. 108-109) are described as Cretaceous. 

The coal beds of the Cerrillos fieM at vValdo, 
Madrid, and· Omera are briefly mentioned (p. 
112). A sketch map of the geologic formations 
accompanies the paper. · 

139. NEWBERRY, J. s·., The later extinct floras of North 
America; edited by Arthur Hollick: U. S. Geol. 
Survey Mon. 35, 151 pp., pls. 1-58. 

_Descriptions of fossil plants from ·the Raton 
Mesa and Canon City coal fields are incl1:1ded. 

140. SPENCER, A. C., The Upper Cretaceous section mi 
southwestern Colorado: Abstract in Science, new 
ser., vol. 7, p. 143. 

The statement is made that above the Dakota 
"comes a series. of shales, known to embrace the 
Benton, Niobrara, and a part of the Pierre which 
can not be divided on lithologic grounds. The 
upper part of the section * * * consists of 
massive sandstones in which both the Fox Hills 
eq~ivalent and that of the Laramie may prove to ' 
be present." No mention is made of the shale 
later named Lewis. 

I 

1809. 

141. CRoss, 'VHITl\1AN, U. S. Geol. Survey Geol. Atlas, 
La Plata folio (No. 60). 

The coal-bearing rocks of the La Plata quad­
rangle in southwestern Colorado are described as 
the Mesaverde formation and as underlain by 
Ma!lcos shale and overlain by Lewis shale, the 
latter about 2,000 feet thick (pp. 4, 5). The 
occurrence of coal-bearing rocks above the Lewis 
is noted, but doubt is cast upon the correctness of 
their reference to the Laramie. 

The lower part of the Mancos shale (p. 5)' con-
tains the following characteristic Benton fossils: 

Gryphaea newberryi. 
Ostrea lugubris. 
Ostrea congesta. 
Inoceramus labiatus. 
Inoceramus fragilis. 
Inoceramus dimidius. 
Prionocyclus macombi. 
Baculites gracilis. 
Scaphites warreni. 
Ana tina sp.? 
Plicatula n. sp. 

The upper part of the Mancos contains the 
following Pierre fossils [These have been reex~ 
amincd by T. W. Stanton and the list given 
below was prepared by him to replace that given 
in the La Plata folio]: · 

Inoceramus harabini Morton(?). 
Inoeeramus sagensis Owen. 
Inoceramus sp, 
Syncyclonema rigida Hall and Meek. 
Scaphites sp. 
Baculites asper Morton(?). 
Baci.tlites ovatus Say(?). 
Baculites sp. 
Area sp. (?) 
Turritella sp. 

142. FLEMING, J. W. [Coal mines of New Mexico]: Rept. 
of Governor of New Mexico to Secretary of In­
terior, Washington, 1899, pp. 164-20P .. 

The coal mines. nea,r Madrid in the Cerrillos 
field are described and the geologic relations of 
the coal beds shown by columnar section. The 
mines at Monero are also described. 

143. HILLS, R. c.; u.s. Geol. Survey Geol. Atlas, Elmoro, 
folio (No. 58). 
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A part of the Trinidad coal field is described. 
The coal-bearing rocks are all referred, without 
statement of reasons, to the Laramie, the Trini­
dad sandstone to the Fox Hills, and the shale 
beneath it to the Pierre. 

144. LAKES, ARTHUR, Coal fields of Colorado: Mines and 
Minerals, vol. 19, pp. 541-543, 4 figs. 

1900. 

145. FLEMING, J. W., Report of the mine inspector for the 
Territory of New Mexico: Rept. of Governor of 
New Mexico .to Secretary of Interior, Washing­
ton, 1900, pp. 279-314. 

146. HERRICK, C. L., and JoHNSON, D. W .. , The geolo~y 
of the Albuquerque sheet [New Mexico]: Denison 
Vniv. Sci. Lab. Bull., vol. 11, art. 9, pp. 175-

.239, pis. 27-58. New Mexico Univ. Hadley 
Lab. Bull., vol. 2, pt. 1, pp. 1-67, 02 pis., col­
ored geologic map in pocket; (a) p. 177. 

A gastropod zone is described as occurring 
about ·10 feet above the Dakota sandstone, fol­
lowed upward by the Tres Hermanos sandstone 
and by a concretion zone wliich ''n.boundsin large 
ammonite shells and large species of Pinna and 
Baculites" (pp. 187-188). This zone was 
recognized near Cabezon: about 20 miles to the 
northwest, and near Una de Gato (Hagan field), 
about 30 miles to the east. These three zones 
are close together, and from them, in the Rio 
Puerco, Hagan, and Tijeras fields, the following 
fossils were collected: 

Ostrea translucida Meek and Hayden. 
Exogyra laeviuscula Roemer. 
Exogyra columbella Meek. 
Mactra? subquadmta Herrick and .Johnson. 
Tapes cyrimeriforinis Stanton. 
Caryates veta Whitfield. 
J>holadomya subventricosa Meek and 

Hayden. 
Liopistha concentrica Stanton. 
Camptonectes symmetricus Herrick mid 

Johnson. 
Dosinia sp. 
Chemni tzia · sp. 
Sigaretus textilis Stanton. 
Bn.culites. gracilis Shumard? 
Prionotropis woolgari Mantell. 

A thick shale [the principal part of the Mancos 
shale] occurs above the concretion zone, buf 
its thickness is not given. Apparently. the space 
occupied by it is represented by the hiatus in 
the section from east of Prieta Mesa, given in 
plate 22. [Johnson has stated personally to the 
present writer that the shale between the "con­
cretion zone" and the "cephalopod zone" was 
roughly estimated at 1,000 feet.] A cephalopod 
zone is stated to occur about l 00 feet from the 
top of this shale. [The present writer found this· 
zone to be abo~t :300 feet from the top), and 
above it the Punta de la Mesa sandstone (the 
·ba&'tl member of the yellow sandstones described 
as the "Prieta series"), now known to be. a 
member of the Mancos shale. These sandstones, 
together with the cephalopod zone, were regarded 

as Fox Hills. From them the following fo&riJs· 
were collected: 

Ostrea lugubris Conrad. 
Ostrea sannionensi's White. 

. Qryphaea vesic~laris Lamarck. 
Inoceramus fragilis Hall and Meek. 
Pinna petrina White. 
Rostellites ambigua Stanton. 
lluchiceras swallovi Shumard. 
Sphenodiscus lenticularis Owen. 
Placenticeras placenta· De Kay. 
Placenticeras costata Herrick and Johnson. 
Pholadomya subventricosa. 
Scaphite~ nodosus Meek and Hayden. 
Scaphites sp. 

The upper part of the "Prieta series" contains 
marine shells said to be of Fox Hills age nnd 
fossil plants "not identifiable with familiar 
Laramie species." The fqllowing fossils were 
collected from these coal-bearing rocks in the 
Rio Puerco,. Hagan, and Tijeras fi,elds: 

Ostrea prudentia White. 
Ostrea franklini Coquand? 
Exogyra texana Roemer. 
(?) Exogyra winchelli White. 
Tellina ? perlata Herrick and Johnson. 
Tellina equilateralis Meek. 
Idonearca? depressa White. 
Cardium pauperculum Meek. 
Cardium sp. 
Legumen? appressum Conrad. 
Chemnitzia coalvillensis Meek. 
Gyrodes depressa Meek. 
Pyropsis bairdi Meek and Hayden. 
Rostellites dalli Stanton. 
Volutomorpha ? nova-mexicana Herrick 

and Johnson: 
Baculites asper Morton. 
Shark's teeth. 
Plants. 

Tertiary beds "with remains of vertebrates 
which we presume to be representatives of lower 
Tertiary strata·" lie stratigraphically above the 
coal-bearing rocks on the Rio Puerco (p. 17). 

147. HERRICK, C. L., Report of a geological recqnnaissance 
in western Socorro and Valencia counties, N.Mex. : 
Am. Geologist, vol. 25, pp. 331-.346, pls. 8-60. 

This paper supplements to some extent the in­
formation given in the description of the Albu­
querque sheet. A section measured east of Prieta 
Mesa is given in which the cephalopod zone is 
placed only about 100 feet above the Tres·Herma­
nos sandstone (p_. 338). [This cephalopod zone 
seems to be the concretion zone of Herrick and 
Johnson.] The coal-bearing sandstones and 

. shales (Mesaverde formation) are about 1,600 feet 
thick and are overlain by· Tertiary. _ 

148. HILLS, R. c., u. S. Geol. Survey Geol. Atlas, vValsen-
burg folio (No. 68). · 

·149. MEADE, FRANK, Coal mines of Pictou, .Colo.: Mine~ 
and Minerals, vol. 21, pp. 1-3, 2 figs. 

The coal beds are referred to as Laramie and 
contain numerous fossil plants. A cross section 
of the rocks is given which is significant in show-

• 
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ing a discrepancy in dip between ~he coal beds 
and the overlying sandstone, although the signi­
ficance of this relation is not explained. • 

1901. 

150. HERRICK, C. L., Applications of geology to economic 
problems in New Mexico: Internat. Min. Gong. 
Proc., 4th sess., pp. 61-G4. · 

Attention is called to the fact that some of the 
New Mexico coal-bearing rocks formerly supposed 
to be Laramie contain Ostrea glabra and m:e over­
lain by marine Cretaceous beds ''w:lth fossils 
like those of the upper Fox Hills gro:upJ' (p. 64). 

151. HILLS, R. C., U.S. Geol. Survey Geol. Atlas, Spanish 
Peaks folio (No. 71). 

For geology, see Elmoro folio. [The Morley 
coal is placed in the section abol.tt 800 feet above 
the base of what is called Laramie in the folio, 
whereas the coal at Morley is now known to be 
the lowest bed of the Vermejo formation elevated 
by a local dome. This coal seems to have been 
correlated with beds which in other places occur 
near the middle of the coal measures.] 

152. LAKt~s, An.THUR, The Cerrillos anthracite Illiiles: 
Mines and Minerals, vof. 21, pp. 341-342. 

153. --The geology of ~he oil fields of Colorado: 
Colorado School of .Mines Bull., vol. 1, pp. 221-
22G. 

154. SHJmrDAN, J. E., Report of the mine inspector for 
the Territory of New Mexico: Rept. of Governor 
of New .Mexico to Secreta.ry of "Interior, Wash­
ington, pp. 309-351. 

. 1902. 

155. LAKEs, ARTHUR, The Spanish peaks; coal region in 
soilthern Colorado; an illustration of the effects 
of volcanic action on coal seams: :Mines and 
Minerals, vol. 22, pp. 463-464, 4 figs. ' 

156. ---The coal, graphite, and oil fields of Raton, 
N. Mex; the location and geological character; 
the coal mines: Mines and Minerals, vol. 22, 
pp. 35Q-352, 5 figs. 

15 7. LEE, W. T :, ·Note on the Cm·boniferous of the Sang:.:e 
de Cristo· Range, Colo.: Jour. Geology, vol. 10, 
pp. 392-396. . 

158. -· -The Morrison shales of southern Colorado and 
northern New Mexico: Jour. Geology, vol. 10, 
.pp. 36-58, 7 figs.; (a) p. 44; (b) p. 45. 

The Exeter sandstone is named and described 
in this paper. 

159. -- Canyons of southeastern Colorado: Jour .. 
Geography, vol. 1, pp. 357-370, 12 figs. 

Includes sections of the strata cut by some of 
the canyons described. 

160. STORRS, L. S., The Rocky Mountain coal fields: 
U. S. Geol. Survey Twenty-second Ann. Rept., 
pt. 3, pp. 415-471, 2 pls., 1 fig. . 

The coal beds of the San Juan Basin and of 
the Cerrillos and Hagan fields are referred to the 
Laramie ,and the coal of the latter two is said to 
lie '' linder the Tertiary beds.'' 

1903. 

161. JoHNSON, D. W., The geology of the Cerrillos Hills, 
New Mexico; Part I, General geology; Part II, 
Paleontology; Part III, Petrogra.phy: School of 
Mines Quart., vol. 24, pt. 1, pp. 303-350, 7 pls., 
7 figs.; pp. 456-500, 10 pls., 6 figs., 1903; pt. 2, 
pp. 173-246, 14 pls., 1903; vol. 25, pt. 3, pp. 
69-98, 5 pls., 1904; (a) p. 339, fig. 5. 

The report results from the work done in 1899-
1902. 

"Among others, the following propositions are 
supported. * * * 

'.'The * * * Santa Fe marls of Hay­
den * * * represent the time from the 

early.Loup Fork Tertiary to the Recent period. 
"The Galisteo group of Hayden consists of 

red beds of late Cretaceous, probably Laramie 
age. * * * 

"The coal series, or Madrid group, is of Fox 
Hills age. 

"Fort ·Pierre, Fort Benton,. and probably 
Dakota and Jura-Triassic beds are also present 
in the district" (vol. 24, p. 306). 

The Galisteo sandstone is referred doubtfully 
to the Laramie and is described as consisting 
of red sedimentary rocks similar lithologically to 
the older "Red Beds" and lying conformably 
[(?) see discussion on this point in the present 
paper] upon the beds called Madrid coal group 
(Mesaverde formation of the present paper) . 

. They .contain fossil wood which, according to 
F. H. Knowlton, indicates a species of Quercus 
and is evidently of Upper Cretaceous or later 
age (vol. 24, pp. 336-338). · 

The "Madrid coal group" is described (pp. 
338-344) as 1,500 to 2,000 feet thick. The coal 
is said to be in the lower part of this "group." 
The author's figure 5 makes the base of the 
"group" rest upon the lowest sheet of intrusive 
igneous rock at Madrid,· and places the rocks 
below this sheet in the Pierre. [This would 
place in the Pierre· below the ''Madrid coal 
group" a considerable thickness of sandstone 
and several thin beds of coal which obviously 
belong in the "Madrid" (Mesaverde) or cqal­
bearing formation.] The base of the "Madrid" 
is obviously drawn but little below the coals 
that have been. Inined, for the writer states 
(p. 340) that "the coal in the low~r· portion of 
Madrid group has proven of great interest to 
geologists, and so ·many references have been 
made to it," etc. 

'fhe Pierre is described as consisting of shale 
and sandston·e (pp. 344-347). -A section (p. 346) 
places 162 feet of. sandstone above the dark 
shale (Mancos) in the Pierre. 

No undoubted Niobrara was -tbund, but the 
Benton and Dakota are reported (p. 347). 

The economic features of the coal are described 
'(pp. 477-493). Fossil plants, identified by 
Knowlton (p. 178, Paleontology) as Ficus rham-
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noides Knowlton, Ficus uncata Lesquereux, 
Quercus? sp., and Aralia? sp. were found above 
the highest coal bed e~st of Madrid. · 

In some places fossils characteristic of the 
Colorado and Montana groups seem to occur 
together (p. 182). 

The following faunas of the Cerrillos region are 
described: 

Pierre fauna. 

Lingula subspatulata Hall and Meek. 
Ostrea anomioides var. nanus johnson. 
?Ostrea congesta Conrad. 
Inoceramus simpsoni Meek. 
Inoceramus vanuxemi Meek and Hayden. 
Inoceramus balchii Meek and Hayden .. 
Inoceramus cripsi var. barabini Morton. 
Inoceramus irregularis Johnson. · 
Inoceramus sp. 
Endocostea typica Whitfield. 
Endocostea brooksi Johnson. 
Area madridensis Johnson. 
Trigonarca obliqua Meek. 
N ucula sub plana Meek and Hayden. 
Astarte evansi (Hall and Meek) Whitfield. 
Protocardia rara Evans and Shumard. 
Cyprimeria? sulcata Johnson. 
Solen cuneatus Gabb. 
Cor.bula nematophora var. fitchi Johnson. 
Natica sp. 
Turri tella galisteoensis Johnson. 
Rostellaria? texana Conrad. 
Tritonium kanabense Stanton. 
Admetopsis? elevata Johnson. 
Helicoceras pariense White. 
Baculites anceps Lamarck. 
Baculites sp. 
Placenticeras pl~centa De Kay. 
Placenticeras? sp. 
Placenticeras? intermedium Johnson. 
Placenticeras? rotundatum Johnson. · 
Stantonoceras guadaloupae Roemer. 
Beryx sp. 

Bento~ fauna. 

Ostrea lugubris Conrad. 
Inoceramus fragilis Hall and Meek. 
Inoceramus labiatus Schlotheim. 
Inoceramus dimidius ·v\lhite. 
Aucella strongi Johnson. 
Acmaea cerilloserisis· Johnson. 
Scurria coniformis Johnson. 
Rostellites dalli var.· wellsi Johnson . 

. Rostellites ambigua Stanton. 
Prionocyclus wyomingensis Meek. 
Prionocyclus macombi Meek. 
Prionocyclus sp. 
.Prionotropis woolgari Mantell. 
Scaphites warreni Meek and Hayden. 
Beryx sp. . 
Baculites anceps Lamarck. 

162. LAKES, ARTHUR, The Trinidad or El Moro coal 
region of Colorado: Mines and Minerals, ·vol. 23, 

. pp. 254-256 .. 

· 163. LAKEs,· ARTHUR, Aguilar coal and oil district; a· 
desc-ription of the geology, the thickness and 

, quality of th,e coal veins, and the indications of 
oil: Mines and Minerals, vol. 23, pp.196-198,4 figs. 

164. LEE, H. A., Colorado: Rept. State Bur. Mines, 
1901-2, 310 pp., map, Denver. - . 

165. McLAUGHLIN, J. E., Barela Mesa coal field, Colo­
rado: Mines and Minerals, vol. 24, p. 139, 1 fig. 

The author describes ·the . coal meaBures in 
the eastern part of the Raton Mesa field and 
gives a section showing ten beds of coal, nine 
of which are 3 feet or more in thickness. Illus­
trations are given of the irregularity in ~he 
thickness of the coal. 

166. MERRIAM, L. B., The development of a new coal 
field in Colorado: Western Soc. Eng. Jour., 
vol. 8, no. 6, pp. 617-637. 

167. REA.GAN, A. B., Geology of t_he Jemez-Albuquerque 
region, New Mexico: Am. Geologist, vol. 31, 
pp. 67-111, 7 pis. See also Indiana Acad. Sci. 
Proc., 1902, pp. 197-198. . 

A geologic sketch map showing the distribu­
tion of the. formations from Cabezon eastward to 
Hagan is given. 

The author's Fox Hills includes the sandy 
rocks below the coal; and the· coal-bearing rocks, 
500 feet thick, are described as "Fort Union or 
Laramie" (p. 79). · His Fox Hills and Fort 
Union constitute the Fox Hills of Herrick and 
Johnson and the Mesaverde of later writers. 

The· colored sediments lying tinconformably 
on the coal-bearing rocks south of San Isidro (in 
the Rio Puerco field) are referred to the Puerco 
(p. 81). 

1904. 

168. HosEA, R. M., Tercio and ~uatro Inines. A de­
scription of the coal washing and coking plants 

' of the Colorado Fuel and Iron Company at 
Tercio and Cuatro [Colo.]: Mines and :Minerals, 
vol. 25, pp. 218-223, 6 figs. 

169. --.-The ·Primero Inines: Mines and Minerals, vol. 
24, pp. 521-526. 

170. JoNEs, F. A., New Mexico Inines and Ininerals, 
World's Fair .edition, Santa Fe, N. Mex., The 
New Mexican Printing Co., 349 pp., 50 figs. 

171. KEYEs, C. R., Unconformity of the Cretaceous on 
· older rocks in central New Mexico: Am. Jom. 

Sci., 4th ser., vol. 18, pp. 360-362, 2 figs: 
·Cretaceous sandston<Js (2,000 feet thick) lying 

above rocks of Montana age (presumably the 
coal-bearing sandstones described in this paper 
as Mesaverde) are referred to the Laramie. 

172. --The Hagan coal field [New Mexico]: Eng. 
and Min. Jour., vol. 78, pp. 670-671, 3 figs. 

The Ragan coal field is described with sketch 
maps and geologic sections . 

A detailed section is given of the coal-bearing 
rocks. measured at the Hagan mine, in which 
eight beds of coal occur. Another section is 

·given as measured· i~ the Coyote field (Sloan . 
mine). Four analyses of the Ragan coal are 
given and the fuel values compared· with those 
of other New Mexico coals. 
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173. LAKES, ARTHUR, The coal fields of Colorado: Colorado 
School of Mines Bull., vol. 2, no. 2, pp. 11-23, 
2 figs. 

17•.1:. -- 'l'he Walsenburg coal district of Colorado: 
Abstract in :Mines and :Minerals, vol. 24, pp. 
339-341. 

175. SHERIDAN, J. E., Aimual report of the mine inspector 
for the Territory of New Mexico: Ann. Rept. 
U. S. Mine Inspector for New Mexico Terr. to 
Secretary of Interior, 1904, 79 pp. 

1905. 

176. DARTON, ·N. H., Preliminary report on the geology 
and underground-water resources of the central 
Gr&tt Plains: U. S. Geol. Survey .Prof. Paper 32, 
433 pp., 72 pis., 18 figs. . 

177. PENNEMAN, N. M., .The Florence (Colo.) oir field: 
U. S. Geol. Survey Bull. 260,.pp. 436-440,. . · 

178. JuDD, E. W., New coal developments in northern 
New Mexico: Eng. and :Min. Jour., vql. 80, pp. 
300-301. 

179. LAKES, ARTHUR, The Rocky Mountain coal fielrlR. 
Min·. Reporter, vol. 51, pp. 5-7, 2 figs. 

180. --The coal field of Colorado: .Min. Reporter, 
vol. 51, pp. 73-74, 3 figs. 

181. -- Coal along the eastern foothills: Min. Re­
porter, vol. 51, pp. 127-128. · 

182. -- The geology and coal deposits of the Spanish 
Peaks district:. Min. Reporter, vol. 51, pp. 
184-185, 4 figs. 

L83. --Coals of the southern Colorado or the Walsen­
burg ttnd Trinidad region: :Min. Reporter, vol. 
51, pp. 234-235, 1 fig. 

0 

18•1. --Sketch of the economic resources .of the foot­
hills of the fron~ range of Colorado: :Min. Reporter, 
vol. 51, pp. 522-524, 1 fig. 0 

185. -- 'l'he Occidental ·and other coal mines of 
Huerfano County, Colorado. A description of 
the geology· and development of the region: 
:Mines and :Minerals, vol. 25, pp. 473-474, 3 figs. 

Seveml geologic sections are· given by which 
the coal beds of the Occidental mine at the 
western margin of the Trinidaq coal field are 
correl::tted with those of the Walsenburg district. 

186. Pr.ul\m, C. H., The Tercio coal mining district, 
Colorado: Drury. Coli., Bradley Geol. Field 
Station Dull., yol. 1, pp .. 94-100. 

187. STANTON, T. W., :Morrison formation. and its rela­
tion with the Comanche series and the Dakota 
formation: Jour. Geology, vol. 13, pp. 657-669. 

Some of the rocks in northeastern New Mexico 
and southeastern Colorado; heretofore called 
Dakota, are shown on fossil evidence to be , 
Comanche (p. 664). 

Near Canon City, Colo., the shale which 
separates the two sttndstones of the so-called 
Dttkota sandstone. was found to contain a Co­
manche f~ttma (p. 666). 

188. SnERIDAN,J. E.,Annual'roportof the mineinspector 
for tho Territory of New Mexico: U. S. Mine 
Inspector for N. Mex. Terr. Ann. Rept. to 
Secretary of Interior, 1905. 

Describes the Cerrillos and Una del Gato 
(Hagan) coal fields (pp. 40-48). 

47019°-17-3 

189. UNDERHILL, JAMES, Correlation of Colorado geo­
logical forn;tations: Min. Reporter, vol. 52, pp. 
496-497. 

1906. 

190. CHAMBERLIN, T. C., and SALISBURlY, R. D., Geology, 
vol. 3, 624 pp., 270 figs. 

191. DARTON, N. H., Geology and underground waters 
of the Arkansas Valley in eastern Colorado: 
U. S. Geol. Survey Prof. Paper 52, 90 pp., 27 
pis·., 2 figs. , 

192. GRIFFITH, WILLIAM, ·Kinds and occurrence of anthra­
·cit~ coal: Min. Mag., vol. 13, No.3, pp. 214-221. 

.193. ·JONES, F. A., Mineral resources of New Mexico: 
Am. ~fin. Cong. Eighth Ann. Sess., pp. 135-143. 

194. KEYES, C. R., Orotaxial significance of certain un­
conformities: Am. Jour. Sci., 4th ser., vol. 21, 
pp. 296~300, 2 figs. 

195. __ .. Geological section of New Mexico: Science, 
new ser., vol. 23, pp. 921-922. 

196. LAKES, ARTHUR, Colorado anthracite. The. field 
of the. State and the influence of eruptive rocks 
in metamorphosing the bituminous deposits: 
~nes and Minerals, vol. 26, No·. 6, pp. 275-276, 
2 figs. 

197. LEE, '\V. T., The·Engle coal field, New Mexico: U.S. 
Geol. Survey Bull. 285, p. 240. 

·The .coal beds of· the Engle field contain 
numerous plant· remains and rest on rocks con­
taining a Benton fauna.' [Lying on the coal 
measures (unconformably, as has been deter­
mined since this paper was· published) are red 
sedimentary rocks similar in general appearance 
to the Galisteo sandstone of the Cerrillos. field.] 
Triceratops bones were found in these red rocks. 
The correlation of the coal measUres with those 
at Cerrillos and Raton is suggested. 

198. MERRrLJ;., G. P:, Contributions to the history of 
American geology: v. S. Nat. Mus. Ann. Rept. 
1904, pp. 189-733, 37- pis., 141 figs. 

Several brief sketches are given of the men 
who worked in the fields 'described in this paper 
and of the results obtained by them. Chapt_er 
X is devoted to the Laramie question. 

199. RITTER, E. A., Les bassins lignitiferes et houillers 
des Montagnes Roeheuses: Annales des mines, 
lOth ser., vol. 10, livr. 7, pp. 5-84. 

200. ScHRADER, F. C., The Durango-Gallup coal field of 
Colorado and New Mexico: U. S. Geol. Survey 
Bull. 285, pp. 241-258. · 

A map is presented outlining the principal 
part of the San Juan Basin. Five groups of coal 
beds are shown: (l) a Colorado coal group in the 
southwestern part of the field; (2) a lowe~ Mon­
tana coal group-" relation to the Mesaverde u'n­
known·"---{)ccurringalso in the s.outhwestern part 
of the field; (3) a Mesaverde coal group occurring 
in the northern and eastern parts of the field; ( 4) 
an upper Montana coal group-" relation to the 
Mesaverde unknown 11---{)Ccurt:ing in the south 
and southeastern parts of the field; and ( 5) a 
Laramie? coal group occurring in the northern 
and northeastern parts. 
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The Laramie? coal group is shown as extending 
from Colorado as far south as Gallinas Mountains, 
N. Mex·., and is the same as th~ Laramie· of other, 
writers; the Mesaverde coal ·group extends as 
far south as Puerco River. The upper Montana 
coal group occurs in the southeastern part of the 
field near Cabezon and is included in the Mesa­
verde formation of the later writers. The other 
coal groups occur only w.est of the area described · 
by the present writer. ' · 

The Chicc;> Arroyo pistrict, extending from 
Sierra Nacimiento to Mount TayJor, contains . 
coal-bearing rocks 2,000 to 3,000 feet thick, 
which are said to contain fossils which indicate 
that they are younger than Mesaverde (p. 251). 
These .constitute the upper Montana coal group. 
[The Mesaverde coal group and the upper Mon­
tana coal group of Schrader iiogether constitute 

. the Mesaverde formation of Gardner and of the 
present writer.] 

201. SHERIDAN, J. E., Present conditions and future pros-
, pects of the coal-mining industry inN ew Mexico: 

Ann. Rept. U.S. Mine Inspector for New Mexico 
Terr .. to Governor of New Mexico, 134 pp., 
Santa Fe. 

The coal mines at Monero are described. 

208. 

rado and .New Mexico: U.S. Geol. Survey Bull. 
316, pp. 376-426, 2 pis. 

The paper deals· with the geology. of the west­
ern part·of the San Juan ~asin. Coal was found 
in the Dakota, the Mancos, the Mesaverde, and 
the so-called Laramie. · 

SHERIDAN, J. E., Report of the mine inspector for the 
Territory ·of New Mexico to the Secretary of the 

. Interior for the fiscal year ended June 30, 1907, . 
48 pp. 

1908 •. 

209. CAMPBELL, M. R., Coal fields of the· United States 
. (map, 'Yith explanations), U. S. Geol. Survey. 

210·. JoNES, F. A:, Epitome· of the economic geology of 
New Mexico, published 15y direction of th~ New 
Mexico Bureau of Immigration, 47 pp. 

211. SHIMER, H: W., and BLODGETT,_ M. E., The stratig­
raphy of the Mount Taylor region, New Mexico: 
Am. Jour. Sci., 4th ser., vol. 25, pp. 53-67, 4 figs. 
. This paper is a report ori. observations made in 
1906 in the- Rio Puerco valley, south of Cabezon. 

The gastropod zone near the base· of the Ore-

Three beds of coal, varying from 3 ·to 4 feet in ,_ 
thickness, are said to be worked (pp. 66-69). 

The· mines in the' Cerrillos and .Una del Gato 
(Hagan) fields are briefly <;lescribed (pp. 70-78): 

202. --- Report of the mine inspector for the Territory 
of New Mexico to the Secretary of the Interior 
for the year ended June 30, 1906, 87 pp. 

. taceous, the concretion (Septaria) zone, and· the 
cephalopod zone of Herrick and Johnson were rec­
ognized, b:ut most of the fossils collected are from 
the latter two zones. 

1907. 

203. CAMPBELL, M. R., The UnadelGato·coa.l field, Sando­
val County, N. Mex.: U. S. Geol. Survey Bull. 
316,'pp. 427-430, 1 fig. 

The Una del Gato (Hagan) field is described 
principally from an economic point'of view. A 
section of the rocks measured by c. R. Keyes near 
Sloan mine is given. The coals are correlated 
with those of the Cerrillos field, and• the state­
ment is made that'' it is highly probable that they 
are Laramie.'' 

204. JuDD, E. K., New development in coal fields of New 
·''. Mexico: Eng. and Min. Jour., vol. 84, pp. 8-ll, 

6 figs. 
205. LAKES, ARTHUR, Sketch of the oil fields of Colorado: 

Min. World, vol. 26, p. 684. 
206. LEE, W. T., Note on the red beds of the Rio Grande 

region in central New Mexico: Jour. Geology, 
vol. 15, No.1, pp. 52-58. 

Coal-bearing rocks near Elephant Butte, N. 
Mex., are· described (p. 57) as underlying red 
beds containing bones of Triceratops, which sug­
gests l~te Cretaceous age. Red beds of similar 
appearance near· Cerrillos, N. Mex., known as· 
Galisteo sandstone; have also been regarded as 
late Cretaceous, and the correlation of the two is 
suggested. 

207. SHALER, M. K., A reconnaissance surv~y of the west­
ern part ~£-the Durango-Gallup coal field of Colo-

'1909. 

212. GARDNER, J. H., The coal field between Gallina and 
Raton Spring, New Mexico, in the San Juan 
coal'region.: U. S. Geol. Survey Bull. 341, pp. 
335--351, 1 pl. (map). 

Two coal-bearing formations southwest of 
Nacimiento Mountains are 'described. They are 
the Mesaverde, which includes Schrader's upper 
Montana coal group, and the Laramie (so called). 
These are separated by Lewis shale, _which is 

. said to be 2,000 feet thick near Gallina and only 
250 feet thick on the Arroyo Torreons, about 30 
miles to the southwest. Several geologic sec­
tions are given, showing the relations of the coal 
beds to other rocks. · 

"At a point 10 miles north of Gallina a part 
of the formation [Mancos shale] becomes arena­
ceous and forms a hogback in the shale valley. 
This.sandy bed is about 30 feet thick and 
about 275 feet below the top of the formation. 
It is no doubt the beginning of the sandstone and 
shale formation that increases in thickness 

· toward the south and is coal bearing on the south 
side of the [San Juan] Basin" (p. 338). 

213. LEE, W. T., The correlation of sections lithologically 
similar: Abstract in Science, new ser., vol. 29, 
p. 239. 

214. -· --On the occurrence of coal changed to coke and 
graphite ·in the Raton, N. Mex., coal field: 
Abstract in Science, new ser., vol. 29, pp. 
198-199. 

215. --Unconformity in the so-called Laramie of the 
Raton ·coal field, New Mexico: Geol. Soc. 
America Bull., vol. 20, pp. 357-368, 3 pis., 1 fig. 
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The J?aper presents evidenee that the coal­
bearing rocks of the Raton field are divisible into 
two formations, the lower older than La1:amie and 
the upper of post-Laramie age. 

216. Ll~E, W. T., ~L'he 1v[anzano group of the Rio Grande 
valley, New Mexico: U. S. Geol. Survey Bull. 
389; (a) pp.18-19; (b) p._37. · 

The paper includes geologic sections of the 
older rocks up to and including the Dakota sand­
stone in the Cerrillos and Ha~an fields. 

2F. SHERmAN, J. E., The coal mines and plant of the 
Stag Canyon Fuel Co:, Dawson, N. Mex.: Am. 
Inst. Min. Eng. Bull. 30, pp. 537-564, 15 figs. 

'l'wo workable coal beds and two or three thin 
beds are described (p. 539). The Dawson mines 
are on the lowest coal, which in the mines ranges 
from 6 to 11 feet in thickness. 

218. STANTON, T. W., The age and stratigraphic relations 
of the "~eratops beds" of Wyoming and Mon­
tana: Washington Acad. Sci. Proc., vol. 11, pp. 
239-293. 

The paper gives the names of invertebrates 
from the Laramie (so called) · of southwest 
Colorado (p. 274). 

219. STJ<mRETT, D. B., The production of precious stones 
in 1908: U. S. Geol. Survey Mineral Resources, 
1908; (a) p. 807. 

1910. 

220. DAnTON, N.H., A reconnaissance of parts of north­
westernNewMexicoandnorthernArizon.a: U.S. 
Geol. Survey Bull. 435,88 pp., 17.pls., 8 figs. 

'l'he geology along the Santa Fe Railway from 
Albuquerque westward is described. The Cre­
taceous is stated to consist of the following forma­
tions given in descending order: Laramie forma­
tion, coal bearing; Lewis shale; Mesaverde for­
mation, coal bearing; Mancos shale, locally coal 
bearing; Dakota sandstone. 

Gardner's results are accepted for the Naci­
miento region and Herrick and Johnson's for the 
Rio Puerco region (p. 58). Herrick's section in 
the Rio Puerco valley (p. 338) is quoted with 
several changes, and the reference of the coal­
bearing rocks, including the Punta de la Mesa 
sandstone to the Fox· Hills is accepted. A sec­
tion of rocks exposed at Laguna west of. the Rio 
Puerco coal field was measured. The following 
fossils occur about 550 feet above the base of this 
section: 

Exogyra columbella ~eek. 
Gryphaea sp., probably a variety of G. 

.newberryi. · 
A vicula gastrodes Meek? 
CardiuJI!., Panopea, Turritella, Rostellites, 

and Fusus sp. · 
About 100 feet lower in the section the follow­

ing Benton species were collected: 
· Exogyra columbella Meek. 
Pecten sp: · 
Pinna petrina White. 
Inoceramus?, Leda, Cardium, and Lucina? 

sp. 

Isocardia n. sp. 
Cyprimeria? sp. 
Corbula sp. 
Liopistha (Psilomyra) concentrica Stanton. 
Turritella whitei Stanton. 

'Tritonium kanahense Stanton. 
Actaeon, Cinulia, Turrilites?, or Hetero­

ceras sp. 
.221. GARDNER, J. R., Isolated coal fields in Santa Fe and 

San :Miguel counties, New Mexico: U. S. Geol. 
Survey Bull. 381, pp. 447-451. 

A part of this paper is devoted to the "Omara 
coal field" and the coal beds at the Omara mine 
are correlated with those near Madrid. [These 
localities are · at opposite extremities of the 
Cerrillos :field.] 

222. -- The coal field between San Mateo and Cuba, 
New Mexico: U. S. Geol. Survey Bt111. 381, PP-
461-473, 1 pl. (map). · 

The coal-bearing formations of the southeastern 
part of the San Juan Basin are described as 
Mesaverde and "Laramie." A detailed section 
of the Mesaverde on Arroyo Torreones (p. 470) 
shows a thickneSs of 1,328 feet. 

The statement is made (p. 462) that the Mesa­
verde "is now known to encircle. the San Juan 
Basin. The same is true of the overlying 
conformable Lewis· shale and 'Laramie' forrna­
tion." 

223. -- The Puerco and Torrejon formations of the 
Nac~miento group: Jour. Geology, vol. 18, No.8, 
pp. 702-741, 3 pis., 8 :figs. 

The Tertiary and late Cretaceous formations of 
the SanJuan Basin west of Nacimiento Mountains 
are described. 

The. Tertiary beds. were found to rest uncon­
formably on the "Laramie" and the Mesaverde 
formation is separated from the "Laramie" by 
the Lewis shale. 

224. LrNDGHEN, WALDEMAR, GRATON, L. C., and GORDON, 
C. H.,· The ore deposits of New Mexico: U. S. 
Geol. Survey Prof. ·Paper 6~, 361 pp., 22 pls., 
33 figs. 

Brief references· are made in many places to 
the coal-bearing formations of New Mexico. . 

225. RICHARDSON, G. B., The Trinidad coal field, Colo­
rado: U.S. Geol. Survey Bull. 381, pp. 379-446, 
2 pls. (map and sections), 9 figs.; (a) p. 123; (b) 
p. 104; (c) p. J28: 

The author describes the general geology, the 
occurrence of the coal beds, and the character of 
the coals. The occurrence of a conglomerate in 
the ·midst of the coal-bearing rocks is recognized, 
but its significance is not pointed out. The coal­
bearing rocks are not subdivided and their age 
is left an open question. The coal beds are all 
referred to the "Laramie." · 

226. WASHBURNE, C. W., The Canon City coal :field, 
Colorado: U. S. Geol. Survey :Bull. 381, pp. 
341-378; (a) p. 365. 

The author describes the general geology, the 
occurrence of the coal beds, and the character 
of the coals. Geologic sections . are given, 
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including the rocks from the Pierre shale to the 
Denver (?) formation. The 'coal measures are 
all referred to the Laramie, although a Montana 
flora was found in the lower part. (A few poorly· 
preserved plants, from the upper part were sup-· 
posed to indicate Laramie age, but better mate­
rial collected and studied since that time proves 
that the whole formation is Montana in age.] 

227. WASHBURNE, C. W., The Florence oil field, Colorado: 
U. S. Geol. Survey Bull. 381, pp. 517-544, also 
separately (U. S. Geol. Survey Bull. 381-D). 

1911. 

228. LEE, W. T., Further evidence of an unconformity in 
the so-called Laramie of the Raton coal field, 
New Me~co: Abstract in Geol. Soc. America 
Bull., vol. 22, p. 717. 

·The unconformity in the midst of the_ coal­
bearing rocks of t.P.e Raton coal field was traced 
around the Raton and Trinidad coal fields. 

229. ---Correlation ofrocks in the isolated coal fields 
. around the southern end of the Rocky Moun­
tains in New Mexico. (The preliminary an­
nouncement of the results contained .in this 
paper was ·made at the Washington meeting of 
the Geologic_?,! Society of America in 1911.) 

230. --·-Criteria for an unconformity in the so-called 
Laramie of the Raton Mesa coal fields of New 
Mexico and Colorado: Abstract in Science, new 
ser., vol. 33, pp. 355-356. 

231. LAKES, ARTHUR, Geology of the La Veta coal field: 
Mines and Minerals, vol. 31, pp. 466-468 

1912. 

232. WILLIS, BAILEY, Geologic map of North .A-merica 
(published in 1911) to accompany Index to the 
stratigraphy of North America: U. S. ·Geol. Sur-· 
vey Prof. Paper 71. 

The reference on the map of the rocks now 
known as the Vermejo formation to the Mon­
tana and of the rocks now known as the Raton 
formation to "earliest Tertiary or latest Cre­
taceous·" (in which is included Denver, Arapa­
hoe, etc.) is based on the information given in 
detail in the present paper. 

233. STOSE, G. W., U. S. Geol. Survey Geol. ·Atlas,· 
Apishapa folio (No. 186). 

The two sandstones, separated· hy shale at the 
b~e of the Cretaceous section of this quadrangle, 
have until recently been called Dakota. The 
name Dakota is now restricted to the upper 
sandstone and the lower one, including the 
shale parting, is called the Purgatoire formation 

. and is referred on fossil evidence to the Lower 
Cretaceous series (Comanche). 

234. RICHARDSON, G. B., The Monument Creek group: 
Geol. Soc. America Bull., vol. 23, pp. 267-276. 

The Monument Creek-of former writers is here 
. separated into two formations-the Dawson 
arkose (assigned to the Eocene) and the Castle 
Rock conglomerate (assigned to the 0 ligocene). 
Regarding the age relations of the Dawson arkose 
the writer says (p. 268): '.'Stratigraphic relation-

ships indicate that the Ar~pahoe and Denver 
formations are equivalent to the lower part of 
the Dawson arkose, and this evidence is paleon­
tologically supported." Knowlton states that 
the fossil plants from the Dawson arkose "are 
undoubtedly Denver in age" (p. 272). "It is 
evident that the Dawson arkose together with 
its associated unconformities represents the time 
between the Laramie and the Oligocene" (p. 
274). ""'n the light of present knowledge, 
therefore, it seems plausible that the Arapahoe 
and ·Denver formations are the equivalent of 
the lower part of the Dawson arkose,. (p. 275). 
A saving clause is added, that "it is not claimed 
that final correlations have been established, 
but nevertheless previously unsuspected rela­
tionships are indicated" (p. 274). 

Of the stratigraphic relations it is said (p. 274) 
that "the lower part of the D~wson arkose seems 
to pass along the strike into the Arapahoe and 
Denver "formations; that the Dawson and Arapa­
hoe can not be separated lithologically even at 
the type locality of the Arapahoe on the bluffs of 
Willow Creek; and that the Denver and Dawson 
apparently merge into each other." It is further 
stated ·(p. 275) that "the evidence [of certain 
vertebrates] implies the correlation of the lower 
p1!J't of the Monument Creek of Hayden [the lower 
part of the Dawson arkose] and the 'post-Laramie' 
of the Denver Basin" [the Arapahoe and Denver 
formations]. 

235. LEE,· W. T., Stratigraphy of the coal fields of northern 
central New Mexico: Geol. Soc. America Bull., 
vol. 23, pp. 571-686. . 

The results presented in this paper have been 
amplified by more recent observations and are 
incorporated in the present paper; hence the 
abstract is omitted in this connection. Some of 
the results were used in a paper by the same 
writer, entitled "The Cerrillos coal field, Santa 
Fe County, New Mexico": U.S. Geol. Survey 
Bull. 531, pp. 285-312, 1913; (a) p. 617. · 

· 236. --.-Graphite near Raton, New Mexico: U. S. 
Geol. Survey Bull. 530, pp. 371-374, also sepa­
rately (U.S. Geol. Survey Bull. 530-I, pp. 3-6). 

The graphite results from the metamorphosis, 
by intrusion of igneous rock, of the bituminous 
coal mined a few miles away, and analyses of this 
coal are given together with that of the graphite. 

237~ --· Coal fields of Grand Mesa and the West Elk 
Mountains,_ Colorado: U. S. Geol. Survey Bull. 
510. 

1913 • 

238. LEE, W. T., Recent discovery of dinosaurs in the 
Tertiary: Am. Jour. S~i., 4th ser., vol. 35, pp. 
531-534. 

Dinosam bones were found near Colorado 
Springs, Colo., in the Dawson arkose in associa­
tions that are regarded as proving the Tertiary 
age of these dinosaurs. . . 

239. KNOWLTON, F. H., A paleontological study <;>f the 
coal-bearing rocks of· the Raton Mesa region of 
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241. 

242. 
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Colorado and New Mexico: Am. Jour. Sci., 4th 
ser., vol. 35, pp. 526-530. 

(This paper is a preliminary announcement of 
conclusions based on the details given in F. H. 
Knowlton's part of the present paper.) 

GgoROE, R. D., Geologic map of Colorado: Colorado 
Geol. Survey, Boulder, Colo. · · 

The formation names V ermejo and Raton first 
proposed for the present report are used on t.he 
Colorado map. 

1.91.4. 

LEE, \V. T., Use of physiography in the study of 
Rocky Mountain stratigraphy: Washington Acad. 
Sci. Jour., vol. 4, pp. 8-9. 

Reasons are given for believing that the interior 
Cretace.ous sea extended uninterruptedly over 
the Rocky Mountain region of Colorado and 
northern New Mexico and that the present 
mountains date from the beginning of the 
Tertiary period. 

S·rEPHENSON, L. W., The Cretaceous-Eocene contact 
in the Atlantic and Gulf -coastal plain: U. S. 
Geol. Smvey Prof. Paper 90, pp. 155-182, 1915. 
Abstract in Washington Acad. Sci. Jom., vol. 4, 
pp. ]J.-12, 1914. 

The Cretaceous-Eocene contact is described as 
an unconformity of regional extent, which repre­
sents a long period of time. 

SYllfPOSIUl\t: o'n the close of the Cretaceous and the 
opening ~f Eocene time ii1 North Amm~ic~: 
Geol. Soc. America Bull., vol. 25, pp. 321-402; 
includes the following papers: 

Osborn, H. F., Close of the Cretaceous and opening 
of Eocene time in North America, pp. 321-323. 

Knowlton, F. H., Cretaceous-Tertiary boundary in 
the Rocky Mountain region, pp. 325-340. 

Stanton, T. W.,·Boundary between Cretaceous and 
Tertiary inN orth America as indicated by strat!g­
raphy and invertebrate faunas, pp. 341-354. 

Brown, Barnum, Cretaceous Eocene correlation in 
New :Mexico, Wyoming, Montana, Alberta, 
pp. 355-380. 

Matthew, W. D., Evidence of the Paleocene verte­
brate fauna on the Cretaceous-Tertiary problem, 
pp. 381-402. . 

244. SINCLAIR, W. J., and GRANGER, \VALTER, Paleocene 
deposits of the San Juan Basin, New Mexico: 
Am. Mus. Nat. Hist. Bull, vol. 33, pp. 297-' 
316. 

1915. 

245. RICHARDSON, G. n., Description of the Castle Rock 
. quadrangle, Colorado: U. S. Geol. Survey Geol. 

Atlas, Castle .Rock folio (No. 198). 

246. RANSOME, F. L., Problems of American geology, 
New Haven, Yale University Press, London, 

etc. 

247. HEROY, .\V. B.; The relation of the Upper Cretaceous 
formations of southern Wy'oming ang northeastern 
Colorado: \Vashington Acad. Sci. Jom., vol. 5, 
pp. 330-331. - . 

The equivalency of the so-called Fox Hills 
sandstone of the Denver Basin with the typical 
Fox Hills in northern South Dakota is questioned 
and the writer concludes that "the 'Fox Hills' 
of the Denver Basin is apparently eqt.ivalent to 
the lower Mesaverde (Parkman). of southern 
Wyoming." 

191.6 •. 

· 248. FrNLEY, G. I., Description of the Colorado Springs 
quadrangle, Colorado: U. S. Geol. Smvey Geol. 
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CHAPTER 2.-GENERAL .G;EOGRAPHY AND GEOLOGY. 

GEOGRAPHY. 

LOCATION AND EXTENT OF THE .RATON MESA 
REGION. 

·The Raton Mesa region, a highly dissected 
plateau situated east of the Rocky Moun­
tains, comprises the Raton coal field in north­
ern New Mexico and the Trinidad coal field 
in' southern Colorado. It has a north and 
south extent of about 85. miles and stretches 
from the foothills eastward to a maximum 
width of about 50 miles at the interstate 
boundary. The coal-bearing area is sub­
triangular in outline and contains nearly 2,500 
square miles of coal land. It has been called 
the Raton Mesa region because of the group 
of high table-lands commonly known as the , 
Raton Mesas that are included in its eastern­
central part. These, together with the divide 
extending from Bartlett Mesa westward to 
the mountai:o.s, have sometimes been called 
the Raton "Mountains," but as the highlands 
result from the erosion ·of an uplifted pene­
plained area, large portions of which still re­
main as flat-topped mesas, it is obvious that 
"mesas" rather than "mountains" is the ap­
propriate designation: The area has been 
called the Raton Mesa "region" because it 
consists of two coal fields which, although geo­
logi0ally identical (the coal-bearing rocks being 
continuous throughout both), are geographically 
more or less distinct and are well known in 
commercial circles as separate fields. The 
divide formed by the Raton Mesas is practically 
on the boundary between New Mexico and 
Colorado, so that the political. subdivision 
agrees with -the geographic and commercial 
subdivisions of the region. 

ACCESS. 

The main lines of the Atchison, Topeka & 
Santa Fe Railway, the Colorado & Southern 
Railway, the Denver&. Rio Grande Railroad, 
and the Chicago, Rock Island&El Paso Railway 
enter the Raton :Mesa region. In addition to 
these main lines spurs and local roads connect 
the several mining towns, so that approach is 
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relatively easy to all of the developed parts of 
the region. There are several to'\vns of con­
siderable size along the eastern· margin of the 
Trinidad field and ·a few similarly situated in 
the Raton field. 

RELATION OF COAL FIELDS TO MOUNTAIN AND 
PLAIN. 

The coal-bearing rocks form a plateau which 
cqnstitutes a topographic province intermediate 
between the high mountains to the west and the . 
Great Plains to the east. In most places along 
the western margin of the region the plateau 
is separated from the mountains by a structural 
valley (see Pl. XX, p. 156) formed on the soft 
beds of upturned shales that range in age from 
Benton.to Pierre. East of this valley the hard 
rocks of the coal measures, also upturned, form 
a hogback because of their superior resistance 
to· erosioi1. But east of this hogback the coal-_ 
bearing rocks lie nearly horizontal and, being 
harder than the underlying rocks, have with­
stood erosion and remained as highlands while 
the areas farther east were being more uniformly 

·degraded. · 
The eastern extremity of the coal-bearing 

rocks· is ·characterized by a steep escarpment 
which forms a conspicuous topographic feature. 
At the southern end of the Raton field this 
escarpment attains a maximum al~itude of 
nearly 1,000 feet. Farther north its altitude. 
is sm;newhat less; but· in New ~1exico, between 
Cimarron and Raton, it would probably aver­
age not less than 500 feet. North and east of 
Raton it joins the high mesas which rise to a 
maximum altitude of more than 2,000 feet 
above the general level of the plains. From 
the nearly level 'plain the cliffs rise so abruptly 
(see Pl. III) that some observers have 
likened them to sea cliffs formed by under­
cutting waves. Although this interpretation 
is obviously erroneous it recalls a vivid mental 
picture of existing conditions. 

The eastern margin of the Trinidad field is 
marked by cliffs similar to those of the Raton. 
field· but in general less· prominent, although 
the extremes are greater .. A maximum differ-
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BREAKS OF THE MESA EAST OF DAWSON, N. MEX. 

A characteristic view at the eastern edge of t he Rato n coal field. a, Western limit of th e Great Pl a in s; P , Pi erre sha le ; T, T rinidad sandstone; V, Vermejoformation; 
R, Raton formation. 
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, nee in altitude occurs near Trinidad, where 
the north end of Raton :Mesa, known as.Fishers 
~e11k, rises something more than 3,500 feet 
above the plain. North of Trinidad an escarp­
ment simiiar to that east of Dawson, N. Mex.­
(Pl. III) is more or less prominent nearly to 
Walsenburg but is inconspicuous farther north. 

In the center of the Trinidad field the con­
tinuity of tP.e sedimentary-formations is inter­
n1pted by the intrusive igneous rocks. of the 
Spanish Peaks, and it is'due largely to the pro­
tection of these rocks that the younger sedi­
mentaries have not been remo:vecl by erosion. 

DRAINAGE. 

The Raton l\1esa region lies at the western 
extremity of the Great Plains in a semiarid 
region; and the precipitation in its eastern 
part is principally in the form of torrential 
showers commonly known _as cloud:-bursts. 
Farther west toward the mountains the rain­
fall increases in amount. A few streams that. 
cross the region riE?e i~ the mountains and flow 
at all seasons of the year, but most of them are 
practically· dry except in times of flood. The 
perennial streams have cut narrow and rela­
tively straight canyons that are especially con­
spicuous in the Raton field. The streams that 
dep~nd for their "mter supply on the tori·ential 
showers have cut .short, precipitous canyons, 
many of which are tortuous and branching. 

TOPOGRAPHY. 

The character of the drainage resulting from 
· the position of the Raton Mesa region between 

high mountains and semiarid pl_ains, together 
'with the character of the rocks, has given rise 
to many topographic forms. But as this paper 
deals with a· special phase of stratigraphy and 
not with the general geology· of the region no 
attempt will here be made to de!=icribe these 
foruis further than is essential for an under­
standing of the- geologic relations of the for­
Illations. For this purpose the principal topo­
graphic forms are those that expose the rocks 
to view,- chief among which are the mesas, 
canyons·, escarpments, anci hogbacks. 

The Raton Mesa region as a whole is, as 
already stated, a plateau more or less deeply 
dissected by erosion into a complex of sharp 
ridges, deep canyons, and flat-topped mesas. 

The region was · once peneplained, and the 
nearly lqvel surface was partly covered by 
sheets of basaltic lava that formed the hard 
layers now found at the tops of the mesas. The 
softer rocks were eroded away faster than· the 
harder-ones, but in some places the .thick sheets 
of basalt have ·effectively preserved them. · 

CHARACTER OF ROCK EXPOSURES. 

The character of the exposures of rock in the 
canyons and ·along the margins of the plateau 
is of the greatest importance for the purposes 
of this paper. The severa1 illustrations show 

. the ni\-ture of the outcrops, and the detailed 
sections indic1~te that in many-places the rocks 
are well exposed. The character of the exposure 
naturally differs with the rocks, but the south­
ward-facing slopes generally present better ex-

. posures than the northward-facing slopes,. 
whic~ are covered with vegetation in many 
j:>~aces. This is especially true of the north 
slopes of the Raton Mesas, which are so densely 
forested that the rocks are very imperfectly 
exposed, and of many places along the west­
ern margin of _the region, where vegetation 
flourishes in the moist atmosphere near the 
1nountains. 

GEOLOGY. 

GENERAL FEATURES. 

. The core of the mountains west of the Raton 
l\1esa region consists of crystalline rock, prob­
ably_. of pre-Cambrian age. Also, in some 
places there are thick beds of rocks, more or 
}ess metamorphosed, that are apparently pre-. 
Cambrian but are younger than the crystallines 
of the mountain core. These are obviously of 
sedimentary origin. The next young~r rocks 
observed are the red beds, the oldest fossils of 
which indicate Carboniferous age; but still· 
}ower rocks in which no fossils have been found 
may be older than Ca1~boniferous. In the Raton 
l\1esa region the red beds lie in contact with the 
ancient crystalline rocks in some places and 
with the metamorphosed sedimentary rocks 
in other places. Farther south they rest on 
limestone of Pennsylvanian age. They are 
the so-called "Red Beds" of the Rocky Moun.:. 
tains, and above .them occur the Cretaceous 
and Tertiary rocks in the order shown in the 
table. 
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Geologicjormations of the Raton .Mesa region. 

' 

I 
Maxi-

Syst~m. Series. Group and forma- mum :Pescription. tion. · ~hick-
ness. / 

Feet. Massive beds of coarse-textured, conglomeratic ·sand-
Poison Canyon for- 2, 000± stone. The conglomerates are coarsest near the base 

mation. and contain pebbles and boulders of ancient crystal-

---1 
line, metamorphic, and igneous rock. 

Unconformity(?)--· 
Te,rtiary. Eocene. Sandstone {brown to buff, in many places cliff-making), 

and shale (yellow to black carbon:.tceous), in alter-. Raton formation. 1, 800± nating layers; coal beariJlg at several horizons. A 
conglomerate usually occurs at the base. containing 
pebbles of many kinds of rock. Fossil plants .are 
numerous. 

U nconforinity 

Dark shale, carbonaceous in many places, light-gray, 
_Yermejo forma- 425 friable sandstone, and coal in alternating layers. Fos-

tion. sil plants numerous. 

ce Trinidad sand- 100± -Sandstone, massive, feldspathic, light gray: 
~ stone. 
ct3 ....., 
~ 
0 
~ 

100± Sandstone (thin bedded, f!ne grained) and shale in 
Upper ~lternating layers. (Transitional zone.) 
Creta-

Pierre shale. <;:eo us. 
Undif- Shale, drab· to bluish black, containing lenses and con-Cretaceous. ferenti-
a ted cretions of limestone. Bones of reptiles and numer-

marine ous shells of marine invertebrates near the top. The 
0 

Niobrara and . Creta- parts of Niobrara and Benton age usually contain 
"'Ci' some limestone but the shale has not been separated ctlA 
"';::; Ben ton forma- ceous- into formations. 0 0 

tions. 2,900+. 8So 
Dakota sandstone. 100± Sandstone, massive, quart~ose.-

/ I 3 Shale, sandy, dark.· 
Lower Purgatoire formation. Creta~ 
ceo us. 75± Sandstone, massive, conglomeratic.· 

Lower 
Cretaceous(?). Creta- Morrieon formation. 300± Sandstone and shale, variegated. 

ceous (?) 

Undifferentiated red beds rang-
11, 500+ Sandstone and conglomerate with some shale, reel. 

Triassic? and 
Carboniferous. ing in age from Pennsylvanian 

or older, possibly to Triassic. 2, QOO+ Sandstone, conglomeratic, quartzose, red. 
~ -

(?) Meta~orphosed sedimentary rocks. . 
Pre-Cambrian? 

Crystallil}e rock~. 

-
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PRE-CRETACEOUS FORMATIONS. 

Relativ;oly little is knowi1 of the older forn1a­
~ions of the Culebra Range in the Raton Mesa 
region, and few observations were .n1ade on 
the1n by the p1:esent writer. The core of the 
n1ountains consists of crystalline rock and the 
foothills of relatively old sed:iinentary rocks. 
These are of interest here only in so far as they 
are the s_ource of the sed:ilnents con1posing the 
younger forn1ations and i~1 so far as their thick­
ness indicates the mnount of erosion that n1ust 
have taken place before certain pebbles found 
in the basal congl01nerate of the Raton forlna­
tion could have been formed. The older for­
mations were observed s01newhat hurriedly in 
four pla9es, namely, south of Ver1nejo Peak 
and west of Van Bren1n1er Park; in t)le canyon 
of South Fork of Purgatoire River; north of 
Culebra Peak, \\ihich lies west of Stonewall; and 
in I-Iuerfano ·Park, a few nules northwest of the 
area n1apped. . 

In the first of the$e places the red beds con­
sist principally of sandstone and conglomerate 
in which m·e boulders of igneous and 1netan1or­
phic rock son1e of which'are 2 feet in diameter. 
'fhe red beds here appear to be 1nany thousands 
of feet thick, but doubtless· this thickness is 
due in s01ne rneasure to duplication by faulting. 

In the canyon of South Fork of Purgatoire 
Ri,7 er the sedin1entary rocks are upturned 
nearly vertical aud the canyon has been cut 
neady at right angles to their strike, thus 
affording a good opportuni£y ·for .measuring 
their thickness. The linear n1easure1nents were 
1nade with tapeline, the direction of each 1neas­
uren1ent. being taken with hand co1npass and 
the altitudes with aneroid bar01neter .. Correc­
tions for direction of n1easure1nent, dip, ·strike, 

Sandstone, conglomeratic, with some shale (red 
beds). From top to bottom this series of beds 
contains many coarse conglomerates composed 
of pebbles which measure up to 8 inches or more 

· in di~meter and which consist of many varieties 

Feet. 

of crystalli~e and metamorphic rock ........... ·n, 537 
Sandstone, clark reel, more or less quartzose, much 

harder than the reel beds above. Small pebbles 
occur in many places throughout the formation 
and in .some places there are well-defined con­
glomerates_, but few pebbles more than half an 
inch in diameter were seen. Similar rocks occur 
about 10 miles farther north below rocks from 
which Pennsylvanian fossils were collected..... 2, 508 

Crystalline .rock. 
15,025 

No fossils were found in any of the· rocks of 
tlus section, and their correlation is based on 
stratigrapllic position and lithologic character. 
Apparently ·the 1:ed beds are here in contact 
with the crystalline rocks, but about 10 miles 

. farther north 157 a considerable tluckness of . 
shale and limestone occurs between the two. 
V\-rhere these rocks were observed south of 
Vern1ejo Peak the conglOinerates are DlUCh 
CQarser than they are on the South Fork where 
the section was ll1easured. 

Several years ago smne of the older rocks 
north of Culebra Peak were observed by the 
writer and a short section lneasured near their 
base was p~blished, 157 together with a list of 
fossils that prove their Pennsylvanian age. 
Near this locality there are fossiliferous lin1e­
stones within the red beds,89 but no fossils were 
collected from them by the present writer. 
The red beds of tlus locality contain conglom­
erates, but on the whole they are n1uch less 
conglon1eratic than those farther south. The 
section and fossils 157 are as follows: 

.Section measured at the crest of the Sangre d(< Cristo or Culebra 
and altitude were 1nade in the office. The Range,. bet-ween .Middle and N.orth forks of Purgatoire 
results ar~ as follows: River, Colo. 

Geologic section meas1tred on South Fork of P1trgatoire 
River, in so1Lthern Colorado. 

Sandstone (Dakota), massive, quartzitic ........ . 
Shale, fine grained, sandy, dark (Purgatoire forma-

Feet. 
95 

Feet. 
Conglomerate, hard, quartzitic. . . . . . . . . . . . . . . . . . . . . 10 
Shale, dark........................................ 5 
Limestone, fossiliferous....... . . . . . . . . . . . . ... . . . . . . . . 2 
Sandstone, reel, with bands of red shale and :i.ITegular 

masses ·of limestone .......................... ·.... 1~ 

tion) ............ · ............................ . 3 Sandstone, greenish, argillaceous .. · . . . . . . . . . . . . . . . . . 4 
Sandstone, conglomeratic (Purgatoire formation) .. 
Not exposed ................................... . 
Shale and sandstone (·:Morrison formation), varie-

gated; red agates near base .................... · 
Not exposed .................................. . 

50 Sandstone, pink, argillaceous above, conglomeratic 
50 

150 
632 

belO\V.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
J.1imestone, fossiliferous.................. . . . . . . . . . . . 4 
Sandstone, deep red, conglomeratic at the base, shaly 

near the top: . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . ] 0 
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Feet. 
Limestone, arenaceous near the base ....... ,........ 20 
Light-colored grit, massive, coarse, and conglomeratic. 13 
Sandst.me, banded, and limestone intimately com-

mingled. Much of the limestone is in more or less 
rounded masses. Irregular beds of gravel occur in 
places._ ............ __ . _ ...... _ . _ ................. · 6 

Limestone, nodular_ ........... ·................... 3 
Limestone, massive ... _............................. 8 
Shale with limestone nodules...................... 3 
Limestone, massive ............................... . 
Sandstone, coarse, conglomeratic in the lower half .. . 
Grit, massive (local unconformity) .... _.- ....... - .. 
Shale, calcareous, passing to black shale, with lime-

stone nodules n3ar the top_ .. _ ... __ ............. . 
Lim3stone, fossiliferous, with sandstone layers: Cup 

corals abundant. ......... · ...................... . 

23 
20 
8 

10 

15 
Lim3stone, massive ..... _ ............ _ ... -......... 6 
Shale. _ .... __ . _ .......... _ ..... __ . . . . . . . . . . . . . . . . 8 
Coarse grit. _-_ ... _. __ ................... _ ....... _.. 2 
Sandstone with large nodules and irregular masses of 

limestone._.~ ... __ .. _ ... ·_ .. __ . ___ ,_ .. _ . . . . . . . . . . . . 10 
Shale with bands of sandstone and limestone. . . . . . . . 25 
Limestone, banded_ ..................... - . . . . . . . . . 4-12 
Shale, so~t, black, fossiliferous ... _ .. _ ........ -...... 28 
Grit, coarse ...... -- ...... -.......................... 9 
Shale, black .... _ . _ .. __ ..... _ .... _ ... _ .... - - .... - . 6 
Grl.t, coarse, congiomeratic in places ....... _. __ ._ .. _ 2-20 
Shale, dark, with limestone nodules and thin seams 

of sandstone; runs to massive limestone in places; . 
becomes red and arenaceous near the base......... 45 

Grit, coarse .. -........ -... - ......... -........ - .... . 
Shale, dark red, with nodules and irregular masses of 

limestone ..........•. _ .... - ........... _. .. - -.. _ .. - . 
Limestone ............ -~.- .. -·-.-- .. - .... -.----------
_Shale, red to black micaceous, wi~h bands of sandstone 

near the base and limestone nodules near the top .. 
Grit, coarse ... _ ........... ~._ .. _._ ... _ .... _._ ...... . 
Grit, red, and conglomerate .......... _ ............ . 
Crystalline rocks of the mountains. 

7 

19 
4 

12 
10 

? 
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· Fossils collected at the crest of the range between Middle and 
North forks of Purgatoire River, Colo., mainly from ·the 
28-jootfossiliferous shale of the foregoing section. 

[Identified by Stuart Weller.] 

Zaphrentis, sp. undet. 
Orbiculoidea convexa Shumard. 
Orbiculoidea missouriensis Shumard. 
Chonetes mesoloba Norwood and Pratten. 
Productus longispinus Sowerby. 
Productus costatus Sowerby. 
Productus cora D'Orbigny. 
Spirifer cameratus Morton. 
Spirifer rockymontana Marcou. 
Reticularia perplexa McChesney. 
Seminula argentea Shepard. 
A viculipecten carboniferus Stevens. 
Astartella concentfica McChesney. 
Nucula ventricosa Hall. 
N uculana bellistri~ta Stevens. 

Pelecypod (genera and sp. undet.). 
Bellerophon per~arinatus Conrad. 
Bellerophon carbonarius Cox. 
13elleroph6n montfortianus Norwood and Pratten. 
·Bellerophon sp. undet. 
Rotella verrucelifera White. 
Soleniscus brevis·White. 
Soleniscus sp. undet. 
Sphaerodoma texana Shumard. 
Sphaerodoma sp. undet. · 
Trachydomia wheeleri Swallow var. 
Naticopsis altonensis McChesney. 
Naticopsis altonensis var. gigantea Meek and 

Worthen. 
Pleurotomaria perizomata ·white. 
Pleurotomaria (several small species undet.). 
Murchisonia copei White. 

· Orthoceras sp. undet. 
Syringopora sp. 
Campophyllum torquium Owen. 
Straparollus catilloides Conrad. 

Fossils front the same locality, found as Zoos~ fragments; 
horizons not determined. 

Derbya crassa Meek and Hayden. 
H ustedia mormoni Marcou. 
Allorisma subcuneata Meek and Hayden.· 
Schizodus wheeleri Swallow. 

· Bellerophon (large sp. undet.). 
Temno<;:heilus winslowi Meek and Worthen. 
Phillipsia sp. 
Large fish spine. 

A bri~f visit to the red beds in· Huerfano 
Park, a few miles north of the northern end of 
the Trinidad coal field, showed ·them to be 
many hundreds of feet thick. The base of the 
formation was not seen. The rocks consist 
mainly of coarse:.:grained sandstone, but con­
tain layers of conglomerate, and at one horizon 
near the middle of the series include an earthy 
limestone a few feet thick, from which the 
following foss~ls were collected: 

Fossils from the red beds in Huerfano Park, Co/p. 

[Identified by G. H. Girty.J 

Lophophy llum pro fund urn? 
Lioclema? sp. 
Derbya bennetti: 
Marginifera aff. M. wabashensis. 

· Margin if era· sp. 
Productus inflatus? 
Spirifer boonensis. 
Squamularia perplexa? 
Ambocoelia plap.iconvexa. 
Spiriferina kentuckyensis.­
Composita subtilita. 
Cliothyridina orbicularis. 
Astartella varica? 
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Of these fossils Girty says "the geologic age ' observed ~n so many places that the writer 
is clearly P~nnsylvanittn, and .co1npared with haa come to regard them as one of the diag­
the New :Mexico section 216 they wpuld be nos tic features of the :Morrison of southern 
Magdalena rather than :Manzano.'' Colorado and northern New ·Mexico.1 

CRETACEOUS (?). SYSTEM. 

MOUHISON l!"'OUMATION. 

Between the reel beds and the conglo1neratic. 
sandstone of Lower Cretaceous age (here corre­
lated on st1:atigraphic evidence with the 
Purgatoire fonnn,tion of the Apishapa quad­
rangle 2:1:

1
) lies 782 feet of rock, only 150 feet of 

which is exposed to view. The exposed rocks 
are lithologically similar to those of the Morri­
son formation found elsewhere in the Rocky 
Mountain region, and although no fossils .were 
found in them the writer has. no hesitancy in 
referring thmn. on lithologic and stratigraphic 
evidence to the Morrison. A shaly zone near 
the bu.se of the exposure contains red agates 
similar· to ~hose fout).d in the :Morrison near 
Canon City, where they are cut into gems. 
Sterrett 210n describes these gen:i agates as 
follows: · 

The silica is evidently .a deposit from solution and often 
occms in concentric bands of different colors. The seams 
bearing this agate-like material are usually only a few 
inches thick and have a clay filling in the internodular 
spaces. 

J·. D. Endicott has obtained some agate from Garden 
]~ark, 8 miles north of ·C~non City, Colo., similar to the 
.above, but he states that it came from the inSide of fossil 
dinosaur bones. Some of it has a peculiar structure that 
may be the original bone structure. This agate has bright­
red, yellow, and gray colors and makes a beautiful curio 
,gem for watch charms when polished. Mr, Endicott also 
~bta.ins agates with peculiar structure from the Curio Hill 
locality, 8 miles southeast of Canon City. These agates 
are translucent, with blood-red spots through them either 
in layers or bands or more or less regularly distributed 
tlll'ough the mass. · The latter ·pattern has. been called 
.St. Stephen stone. Mr. Endicott has cut a small quantity 
of translucent bluish chalcedony found at Thirty-Qne !\file 
Mountain, 7 miles west of Guffy, Colo. This chalcedony 
has an agate structure showing faint banding. The blue 
-color is of a light shade, though pronounced. It is not the 
bt·ight blue found in the blue chrysoprase or coppea·-stained 
-chalcedony of Globe, Ariz. 'fhe effect of the cut gem is 
very pleasi.ng. A1.1other variety of chalcedony found in 
·Colorado by :Mr. Endicott has an amethystine color. This 
cuts to a pretty cabochon gem. These fancy agates and 
·chalcedony gems are delicately marked and have beautiful 
·colors. 'fhey should be in large demand for the tourist 
trade · and also for wider sale when people become 
.acquainted with them. 

These agates '\Vere noted in the Morrison 158a 

several years ago and more recently have been 

Sedimentary rocks of variegated color, such 
as are characteristic· of the Morrison, were 
observed in the foothills throughout the Raton 
Mesa region wherever the rocks are well ex­
posed. They were seen at S~onewall, on both 
branches of South Fork of Purgatoire River, 
and on the main branches of the V ermej o. In 
the so_uthern part of the region the sedin1entary 
fonnations have been so obscured by faulting 
and by intrusions of igneous rock that further 
observations are necessary before it can be 
confidently asserted that the Morrison is pres­
ent there. But in view of the known uni­
forinity in the character and thickness of this 
fonnation over wide areas in southern Colorado 
and northern New Mexico, together with its 
occurrence far south of the region at Las 
Vegas 216a and in Galisteo Canyon, 216b it semns 
safe to assume that the Morrison underlies 
the entire Raton Mesa region. 

CRETACEOUS SYSTEM. 

PURGATOIRE FORMATION AND DAKOTA 
SANDSTONE. 

In many places throughout the R.ocky 
:Mountain region the Dakota has been de-. 
sc1;ibed as consisting of ·two sandstones sepa­
rated by a layer of shale which is often referred 
to as the "Dakota fire clay." These two sand­
stones are well developed in the Raton Mesa a 

region .and together they forn1 a prominent 
ridge commoi1ly known as the Dakota hog­
back.·· On South Fork of Purgatoire River 
(see section, p. 41) the lower sandstone is 50 
feet thick and the upper one 95 feet. The 
lower sandstone is hard, n1assive, and con­
glOineratic; the upper is 1'\0t conglon1eratic 
where observed but is quartzitic, very hard, 
and fonns the crest of the ridge. The rela­
tions of these two sandstones and the inter­
vening. shale have been rebogni~ed north of the 
Raton Mesa region in· the vicinity of Canon 

1 Since this report was written tho writer has learned that similar 
agates occur in northern Colorado in rocks which were formerly classed 
as basal Morrison but wWch provo to be the southward extension of the 
Sundance formation or marino Jurassic. The agate-bearing rocks of 
northern Colorado appear to lie above fossiliferous marino Jurassic rocks 
and unconformably below typical ¥orrison beds. These facts suggest 
that the agate-bearing rocks of southern Colorado, near the base of what 
is now called the Morrison, may prove to be equivalent in age to the 
marine Jurassic, like the similar rocks in northern Colorado. 
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City/87 east of. the Raton Mesa region in · thickness of this shale has never been 
I-Iuerfano Canyon, 232 in Apishapa Canyon, 233 

· measured it is known to be n1ore than 3,000 
in Purgatoire .Canyon/87 in Cimarron Canyon/81 feet ·near Raton, where a well wa~ drilled in it. 
farther south on the Canadian, 187 and at Las to a depth of 2, 700 feet (s~e locality 82, p. 108} 
Vegas. 216 and probably about the san1e in Vern1ejo Park,. 

It has be~n known since the publication of where well data prove that it 1neasures n1ore 
Stanton's paper187 that the shale separati..."'lg the than 2,500 feet at locality 123. _This shale. 
·two sandstones correlates with the Washita, occupies a broad valley lying between the ridge 
which some geologists but not all reg~rd . as at the western margin-of the coal fields and the 
Lower Cretaceous. This sandstone, together Dakota hogback still farther to the west. Its 
with the shale above it, has been named the thickness here has not beei1 measured, but can 
Purgatoire formation. Although no fossils were scarcely be less than 3,000 feet and 1nay be. 
found in the Raton Mesa region in either of the· n1uch more. However, for the purposes of 
sandstones of the hogback or in the_ shale sepa- this paper the thickness shown by the drill will 
rating them the writerfeels confident in corre- be w~ed. 
lating the lower sandstone and the shale with The marine Cretaceous shale is n1ore or less. 
the Purgatoire formation of the Apishapa quad- fossiliferous throughout, but few fossils have­
rangle and in referring the upper sandstone to been collected in the Raton :Mesa region from 
the Dakota. the lower part. . These are as follows: 

BENTON, NIOBRARA, AND PIERRE 
. FORMATIONS. . 

The· marine Cretaceous shale and limestone 
formations of southern Colorado have been 
described in several publications and a~e fairly 
well known. Fe~ observations were made by 
the writer on the Benton and Niobrara or on 
the older Pierre in the Raton Mesa region, all 
of which are of interest in the present investi­
gation only in so far as they aid in measuring 
post-Cretaceous erosion or shed light on the 
age of the coal-bearing fonnations. For meas-

Marine invertebrates from the lower (Benton) part of the Cre-· 
· taceous shale of the Raton Mesa region. 

[Identified by T. W. Stanton.] 

Baculites asper Morton? 
Coilopoceras novimex.icanum Hyatt. 
Inoceramus dimiqius vVhite. 
Inoceramus fragilis Hall and Meek. 
Inoceramus labiatus Schlotheim. 
Inoceramus sp. 
Ostrea lugubris Com:ad, 
Ostrea sp. 
Prionocyclus wyomingensis Meek. 
Scaphites ventricosus Meek and Hayden. · 

uring the erosion· their thickness is important, Invertebrates· were collected from the upper-
o but so far as age is concerned neither they nor part of the Pierre shale in n1any places. They 

any of the rocks below the fossiliferous zone are n1ost abundant in the southern part of the. 
near the top of the Pierre· shale. call for much Raton field, where they occur in lin1estone con­
consideration. · cretions 100 to 400 feet below the top of the. 

The marine Cretaceous rocks in southern shale, A few were collected by the writer, and 
Coloraclo are separable into several formations, some also by G. B. Richardson's party in the. 
having an aggregate thickness of about 2,500 Trinidad field. The localities at which col­
feet in the Elmoro quadrangle, 143 but the for- lections were made are indicated on the map· 
mations seem to be less .well defined toward the (Pl. I, in pocket) by numerals which denote the. 
south and no attempt ·was macie by the writer lot numbers under which the collections are, 
to determine their limits- in the J_laton field. stored in the United States National Museun1 . 

. In some places in this field the horizon of the A complete list of these fossils is given in the. 
Greenhorn limestone is represeri ted by a few following table of species: Concerning the age, 
feet of limestone, but the limestone of the Nio- of the invertebrates Stanton says that the­
brara group which is prominent farther north_ fauna is a n1eager one ~nd that; although 
has not been found. So far as observed in the ''typical of the Pierre shale, it has a consider­
Raton Mesa region the rocks between the able stratigraphic range within it. Fron1 thi~ 
Dakota- and the Trinidad sandstone consist material it is not possible to recognize definite­
almost wholly of shale. ·Although the total restricted zones." 

0 



Fossils collected from Pierre shale and Trinidad sandstone in the Raton Mesa region. 

{Identified by T. W. Stanton. The number at the top of each column refers to'thc locality (Pl. I, in pocket) at which the fossils were collected. For fuller information as to occurrence see "Local features 
1 

in detail," pp. 66-161.} · _ 

. Pierre shale. 

Trinidad sandstone. 
Eastern part of Raton field. Vermejo Park. Trinidad field. 
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Fossils collected from Pierre shale and Trinidad sandstone in the Raton Mesa region-Continued. 

Pierre shale. 

Trinidad sandstone. 
Eastern part of Raton field. Vcrmejo Park. Trinidad field. 
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The fossil lots of the foregoing table are 
briefly described as follows. The locality 
numbers refer to the permanent lot numbers 
of the Mesozoic fossil invertebrates of the 
United States Geological Survey under which 
the fossils are stored in the United States 
National Museum, and to the map (Pl. I, in 
pocket). 

6581. Baldy mine, about 6 miles northwest of Ute Park, 
N. Mex.; at top of Pierre shale. 

6560. North wall of Ute Park, N.Mex.; about 150 feet 
below top of Pierre shale. 

5603 and 6554. Cimarron Cnnyon, about 7 miles west of 
Cimarron City, N. Mex.; about 100 feet below top of 
Pierre shale. · 

6555. North wall of Cimarron Canyon, about 4 miles· 
northwest of Cimarron; 100 feet below top of Pierre shale. 

6556. Point of mesa northwest of Cimarron, N. Mex.; 
200 feet below top of Pierre shale. 

6559. Cerrososo Canyon; N.Mex.; about 100 feet below 
top of Pierre shale. 

6561. Point of mesa west of Cimarron; 400 to 500 feet 
below top of Pierre shale. 

6562. Point of mesa between Cerrososo and Van Brem­
mer cnnyons, N. Mex.; near top of Pierre shale. 

6564. North wall of Van Bremmer Canyon, N. Mex., 
ahout a mile from its mouth; near top of Pierre shale. 

5606. Western slope of Saltpeter Mountain, about 4 
miles southeast of Dawson, N. Mex.; near top of Pierre 
shale. 

5735. Half a m.j.le north of Koehler, N. Mex.; near top 
of Pierre shale. 

5602. Red River Peak, N. Mex.; 400 feet below top of 
Pierre shale. · 

5598 and 8355. Raton, N. Mex.; 50 feet below top of 
Pierre shale. 

8356. Brickyard at Raton, N.Mex.; about 150 feet below 
top of Pierre shale. · 

8358. Koehler, N. Mex., in Trinidad sandstone. 
· 6679. Vermejo Park, N. Mex., at the Bartlett ranch; 

several hundred feet below top .of Pierre shale: · 
6514. Vermejo Park, N. Mex., 2 miles north of Vermejo 

post office; about 100 feet below top of Pierre shale. 
(Collected by T. W. Stanton.) 

5730. Vermejo Park, N.Mex., near eastern extremity, 
in the north wall; at top of Pierre shale. 

5731. Vermejo Park, N.Mex., near eastern extremity;, 
. about 300 feet below top of Pierre shale. 

5732. Eastern extremity of Vermejo Park, N. Mex .. ; 
near top of Pierre shale. · 

5668. Three miles southeast of Trinidad, Colo.; 100 feet 
below top of Pierre shale. 

6510. One mile northeast of Trinidad, Colo., in a rail­
road cut, several hundred feet below top of Pierre shale. 

6511. About 2 miles northeast of Trinidad, Colo.; sev- · 
'eral hundred feet below top ·of Pierre shale. 

6512. One mile south of Bowen, Colo.; near top of 
Pierre shale. 

5565. One mile south of Bowen, Colo.; 150 feet below top 
of Pierre shale. (Collected by G. B. Richardson'spa.rty.) 1 

5565a. Same locality as 5565; 275 feet. below top of 
Pierre shale. (Collected by G. B. Richardson's party.) 

5667. Shale quarry, 2 miles north of Trinidad, Colo.; 
50 feet below top of Pierre shale. (Collected by G. B. 
Richardson's party.) 

5591. One and three-fourths miles east of Monson, Colo., 
500 feet south of Santa Clara Creek; in upper part of Pierre 
shale. (Collected by G. B. Richardson's·party.) 

5592. T'yo and. one-fourth miles east of Monson, Colo., 
south of Santa Clara Creek; in upper part of Pierre shale. 
(Collected by G. B. Richardson's party.) 

6557. Point of mesa northwest of Cimarron, N. Mex., 
in sl~de rock; at base of Trinidad sandstone. 

6558. Ponil Canyon, N. Mex.,·a mile east of the forks of 
the canyon; in Trinidad sandstone. 

6563. Van Bremmer Canyon, N. Mex., a mile from its 
mouth, in slide rock; at base of Trinidad sandstone. 

6565. North wall of Van Bremmer Canyon, N. Mex. 
(same locality as 6564); at top of Trinidad sandstone. 

6566. Point of mesa northeast of Saltpeter Mountain, at 
locality 28, in slide rock; at base of Trinidad sandstone. · 

5599. One mile south of Raton, N. Mex.; in Trinidad 
sandstone. 

5734. Eastern extremity of Vermejo Park; near top of 
Trinidad sandstone. . 

5727. Vermejo Park, N.Mex., at mouth·'of Spring Can­
yon, in Trinidad sandstone. 

6517. Vermejo Park, N.Mex., half a mile southeast of 
Vermejo post office; near top of Trinidad sandstone. 
(Collected by T. W. Stanton.) · 

.5728. South of San Francisco Pass, N.Mex., at locality 
129; from top of Trinidad· sandstone or base of Vermejo 
formation. -·· 

5590. Railroad cut half a mile east of Pryor mine, near 
Rouse, Colo.; in lower part of Trinidad sandstone. (Col­
lected by G. B. Richardson's party.) 

Cimarron has been known as a prolific fossil 
locality since '1876, when 0. H. St. John col­
lected a large number of invertebrates, a list 
of which was later published -by White. 86 

St. John's locality is not given very definitely, 
but a comparison of the species in White's list 
with those collected. by the writer near Cimar­
ron from .the upper part of the Pierre shale 
(see table, pp. 45-46) shows that the two collec­
tions came from essentially the same horizon. 
St. John's list is given below for comparis~m. 

·Fossils collected by 0. H. St. John near Cimarron, N. Mex. 

Caryophyllia johannis White. 
Ostrea congesta Conrad? 
Ostrea sp. 

· Anomia sp._ 

1 This party was made up of G. B. Richardson, J. H. Gardner, D. E. 
Winchester, and J. B. Martie. 
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Camptonectes sp. 
Pteria linguiformis Evans and Shumard. 
Inoceramus barabini Morton .. · 
Inoceramus vanuxemi_Meek and Hayden. 
·Inoceramus erectus Meek? 
Crassatella (Pachythaerus)· cimarronensis 'White? 
Trapizium sp. 
Idonearca shumardi Meek and Hayden. 
Callista pellucida Meek and Hayden. 
Teredo? sp.· · 
Anisomyon alveolus Meek and Hayden. 
Margarita sp. 

·· Lunatia sp. 
Turritella sp. 
Apouhais biangulata Meek and Hayden. 

. Spironema sp. 
Pyramidella sp. 
Turbonilla (Chemnitzia) sp. 
Fasciolaria (Piestochilus) sp. 
Baculites ovatus Say. 
Scaphites nodosus Owen? 
Placenticeras placenta De Kay. 
Serpula sp. 

White states. in his report 86 that these 
· fossils indicate Fox Hills age, but Fox Hills, 

as he then (1879) used the term, included the 
Pierre shale. Twenty years later (1899) R .. C. 
HillS 143 referred the Trinidad sandstone to 
the Fox Hills. It seems proper, therefore, to 
call attention here to the fact that the Fox 
Hills of White is not the Trinidad sandstone 
but the uppe,r part of the shale which under­
lies this sandstone and which now is called . . 

Pierre. 
TRINIDAD SANDSTONE.· 

because of the great number of Halymenites · 
major Lesquereux that it contains. · 

The ''Lower Trinidad" of Hills is a group of 
transitional beds, a few feet to 200-feet or more 
in thickness, that separate the typical Pierre 
shale from the massive. "Upper Trinidad" 
sandstone. It consists of thin laye.rs of dark­
gray, fine-grained sandstone, alternating with 
}ayers of shale that differ but little from the 
·underlying · Pierre shale. It is not clearly 
separable from the underlying shale, either in 
its physical character or in its faunal relations, 
the variation in thickness being due mainly· to 
the irregularity of the base, while its separa­
ti~n from ·the overlying massive sandstone is 
usually rather sharp. It is doubtful-whether 
the transitional beds should be included in a 
formation with ~he overlying sandstone or 
regarded as a part of the underlying shale. 
Howev~r,Jor the purpose of this paper Trinidad 
sandstone is· used to designate t;he massive 
sandstone or "Upper Trinidad" .. of Hills, and 
the saridy series or "Lower Trinidad" is called 
the transitional zone and is included in the top 
of the· Pierre shale. 

CHARACTER AND CONTINUI'fY. 

· The Trinidad sandstone as thus defined is a 
mass.ive feldspathic sandstone, usually harder 
than _the rocks immediately above and gelow 
it, so that in the eastern parts of the ;Raton 
Mesa region, where the rocks are nearly hori-

DEFINITION. · zontal, it forms a conspicuous shelf. (See Pl.. 
The Trinidad sandstone was -first described XIV, A,: p. 125.) Many other illustrations in 

as a formation in 1899 by R. C. Hills, 143 who this paper (particularly Pl. III, p. 38) show 
defined it from the coal field lying east of Trini- the characteristic appearance of this sandstone. 
dad, Colo., as a light-gray sandstone 70 to 80 Along the western margin of the field where 
feet thick (called ''Upper Trinidad") and ··a ·the rocks are upturned the Trinidad does not 
series of thin layers of sandstone and shale form a conspicuous topographic feature because 
about 75 feet thick (called "Lower Trinidad"). of the d,ominating influence of harder rocks. 
The rocks persist with slight variation ·through- stratigraphically above it; and in the northern 
out the Trinidad coal field and over much of part ·of the Trinidad field it does not· form a 
the .Raton field, but the definition requires conspicuous cliff. It is well known throughout 
modification before it applies to the Trinidad the Trinidad field, and there is little doubt ~hat 
sandstone of the southern part of the Raton it .constitutes a single continuous stratum of 
field. ·The "Upper Trinidad" of ·Hills had pre- rock. But this can not be. asserted for the 
viously- been included in the coal measures, as Trinidad sandstone of the Raton coal field. 
the similar sandstone in the Denver Basin 133 At the northern end of the Raton field the 
is included at the present time, and was some- Trinidad is as conspicuous as it is at its type 
times called the basalsandstoneofthecoalmeas- locality near Trinidad, but it is not so well 

. ures and sometimes the Halymenites sandstone. known ·over wide areas ·because mining devel-
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opment has not been so extensively ca~ried on 
as in the Trinidad ·field. The cliff-making 
sandstone in the viciniti of Raton is obviously 
the smne as th0 Trinidad of the type locality, 
and this has been traced as a practically con­
tinuous layer southward beyond Dawson a dis­
t11nce of 40 1niles or m·ore. South of Dawsori, 
'however, the cliff that farther north is forme4 
in n1ost places by a single mass of sandstone 
consists of two sandstones separated by a thin 
shale, which thickens toward the south, becomes 
carbonaceous, and :(inally includes a. bed of 
coal. The upper 'sandstone also changes .1n 
charac~er toward the so.uth, becoming soft and 
shaly in some places, so that it does not form· 
a part of the'' Trinidad cliff.'' The lo\ver sand­
stone, on the other hand, increases in thickness 
and becomes the "Trinidad cliff" of the 
southern part of the field. (See Pl. IV.) 

1'he sandstone cliff is so conspicuous through­
out· the Raton field, so uniforn1 in character, 
and with few exceptions so well exposed, that 
heretofore it has been regarded as a perfectly 
continuous fonnation. A coal .bed usually 
occurs a few feet above it, which, in the north­
ern part of the field, where mining has been 
c.arried on somewhat extensively, is kn0wn as 
the Raton coal bed. South of Dawson, where 
no :min.i,ng and little prospecting has been done, 
the first coal above the sandstone cliff is locally 
called the Raton bed on the assumption· that 
it is the same coal that occurs above the cliff in 
the northern part of the :field. Because of this 
usage the relations may be described in greater 
detail tharl. would otherwise be necessary. 

Several of the sections measured south of 
Dawson in the critical area where the change 
occurs have been plotted to the same scale 
and grouped in Plate IV in such manner as to 
illustrate the relations of the two members of 
the Trinidad ·sandstone to each other and to 
the neighboring formations. The upper group 
of this plate shows the correlation of the sec­
tions which the author regards as correct.· The 
lower group shows the same sections arranged 
in accordance with the. conception that has 
prevailed heretofore but which the author 
regards as erroneous. Apparently the error 
has heen due to the in1pression, which the 
writer forn1el'ly shared, that the sandstone 
cliff was in reality as continuous as it appears 

47019°-17--4 

to be from a distance, and that the lowest coal 
in all parts of the field represented essentially 
the same bed~ IIowever, this grouping is 
shown to be untenable in the· vicinity of Ponil 
Canyon (sec~ions 12 to 15, .Pl.· IV), where ·the 
cliff consists of two sandstones about equally 
thick, both of which contain Halymenites 
major Lesquereux and which are separated by 
the thin bed of coal previously referred to. It 
was in this canyon that s·tevenson 84 found 
a Cardium above the low~st bed of coal. In 
tracing this coal bed northward, however, it is 
found to become thin and finally disappear. 
Also t4e lower sandstone thins to the north and 
finally disappears while the upper one thickens. 
There are places in this critical area ·between 
Ponil Canyon ~nd Dawson in \vhich· the beds 
can not be followed continuously at the out­
crop on account of brush and slide rock, but 
the evidence at hand indicates that the sari.d­
stoneof the Trinidad cliff of the southern· part of 
the Raton field thins out south of Dawson near 
loqality 20 and that it is slightly older than the 
Trinidad sandstone farther north; and further 
that the lowest coal bed south of Ppnil Canyon 
(localiti.es 8 to 13, inclusive) is older than the 
lo\vest coal farther north (localities 17 to 22, 
inclusive). Furthermore, south of Ponil Can­
yon (locaiities 8 to 13) there is above the lowest 
coal a zone of coal-bearing shale that seems to 
be the southward extension of the Raton or 
lowest coal bed farther north .. It follows, if 
exact horizons ·are traced, that the Trinidad 
sandstone of the southern part of the Raton 
coal field, is not the exact equivalent of the 
Trinidad sandstone of the type locality. The 
transitional beds. below ·the ·Trinidad of the 
southern end of the field probably correspond 
in age with the top of the Pierre shale farther 
north; the cliff-making sandstone to the tran­
sitional beds; and the lowest coal-bearing rocks 
of the south to the massive Trinidad sand­
stone of the type.area. These relations are best 
shown by the correlation lines in Plate IV. 

The cliff-1naking sandstone in all parts of the 
Raton Mesa region represents the last stage in . 
the filling of the Cretaceous sea, and the coal 
measures above this ·Sandston~ .represent the . 
swamp conditions that prevailed after there­
treat of the sea. According to the .somewhat 
general' usage heretofore en1ployed the cliff-
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making sandstone is· here referred to the Trini­
dad· and the coal beds to the Vermejo, even· 
though it be known that the lower part of the 
Vermejo at the southern end of the Raton field 
is tbe exact equivalent in time of the Trinidad 
sandstone farther north. 

AGE •. 

The geologic ·age of the Trinidad sandstone 
has been a matter for considerable speculation, 
and it is doubtful whether it is yet beyoJ?.d the 
speculative stage. By some geologists it has 
been regarded as Fox Hills because of its strati­
graphic position between the Pierre shale and. 
the coal-be_aring rocks which heretofore have 
been referred to the Laramie. In the Elmoro 

. folio, pub~ished in 1899, Hills 143 states that "it 
· is uncertai:ri what part of the Fox Hills group 
* * * is represented" by the Trinidad;· in 
the Walsenburg folio/ 48 p_ublished a year later,· 
he states that it ''probably corresponds to the 
upper portion 'of the Fox Hills formation'' ; and 
in the· Spanish Peaks folio, 15 ~ published in 
1901:, b.e states that "the. Trinidad sandstone 
[note change from formation] represents some 
part, or possibly the whole, of the Fox Hills 
group, but on account of its relation ·to the 
Laramie [Vermejo and Raton formations of the 
present paper], and the thickening of the lower 
zone of the formation northward, it is presum­
ably the upper portion only." The only direct 
evidence of age. offen~d by Hills is an unde­
termined species of Baculites from the so-called 

. '.'·Lower Trinidad" and the I-Ialymenites major 
Lesquereux, then supposed to be a characte:r:­
istic Fox Hills fossil, from the so-called "Upper 
Trinidad." · 

G. B. Richardson, in 1910,225 followed H~l~'s 
later usage and described the Trinidad sand­
stone as consisting of· an· upper massive mem­
ber and a lower thin-bedded member and 
collected from it several fossils named in the 

·following list. With the exGeption of IlaZy­
menites major Lesquereux, Richardson's fossils 
came from the' 'Lower Trinidad," or the transi­
tional zone of this 'paper. Those in the same 
list from the Raton field came from the massive 
.sandstone -of th(3 southern part of the field, 
which,· although there called Trinidad sand­
stone, is probably the exact time 'equivalent 
of the' 'Lower Trinidad" or transitional beds of 
the Trinidad field, as has just been explained. 

Fossils from the Trinidad sandstone and underlying transi­
tional beds. 

[!den tified by. T. W. Stanton. For descriptions of Jocali ties, see pp. 66-161:] 

Anomia? sp. 1 

A vicula nebrascana Evans an"d Shumard. z 
Chlamys nebrascensis Meek and Hayden,2 

Inoceramus barabini Morton.3 

Inoceramus sagensis Owen.1 

Inoceramus sp. 1 · 

Legu.r:q.en? sp. 1 

Mactra warrenana Meek and Hayden ?1 

Mactra sp. 1 

· Myti1us? sp. 1 

Ostrea pellucida Meek and Hayden.2 

Ostrea sp.2 

Panopaea? sp. 1 

Tancridia americana Meek and Hayden. 1 

Tellina scitula Meek and Hayden> 
Tellina sp. 1 

Tellina? sp.1 

F~sh bones and scales.1 

Halymenites major Lesquereux.3 

These fossils would be included in a list of 
Fox Hills species; but they do not give· con­
clusive evidence of Fox Hills age. Halymen._ 
ites major Lesquereux occurs in the Fox 
Hills, but it .has also been found in rocks that 
are mu~h older tlian Fox Hills. Stanton, who. 
identified the invertebrates,. states that some 
of them, .such as A.vicula nebrascana, Inocera­
mus barabini, and Inoceramus sagensis, have a 
'wide range in time, while others, s.uch as 
Ostrea pellucida, · Ohlamys nebrascensis, and 
Mactra: warrenana, are more restricted and are 
known only in the upper part of the Pierre and 
in the Fox Hills. · Of the eight forms specific­
itlly identified, six range downward into the 
Pierre; leaving only two, one of which is 
doubtfully identified, that occur only -in the 
Trinidad. Evidence presented later (p. 168). 
tends to correlate the V ermejo of the Canon 
City field with the Fox Hills and to· place the 
Trinidad well down in. the Montana. Evidence 
from. the fossils· found in the Raton Mesa re­
·gion has the same tendency. On the whole, 
the fossils of the Trinidad· sandstone indicate 
that its age is upper Montana but apparently 
are -not -sufficient for rnore exact correlation. 
However, ina.Srri.uch as the· Trinidad sandstone 
lies beneath the .Vermejo formation, whose 
fossils prove its Montana age, it 'seeiQ.s--prob~~le 

I From Raton field (collected from the massive sandst:mc or Trinidad 
proper). 

2From Trinidad field (collected principally from the transitional zone 
which is now included in the Pierre). 

BFi:om Raton and Trinidad fields. 
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that the Trinidad should be placed as far down 
in the time scnle as the lower :part of the Fox 
llills, if no·t some·what lower .. 

VERMEJO l!..,Oll.MATION. 

NAME AND TYPE SECTION. 

The name Vermejo formation was originally 
proposed, for use in this paper, for the coal 
1neasures lying immediately above the Trini­
cln.d sandstone, but owing to delay in the conl­
plction of the paper the name was first used 
elsewhere,238• 

230 the formation being correla­
ted according to the evidence herein presented. 
This was permitted .because it see1ned desir­
able to use the principal conclusions· without 
waiting for the details. 

The V ermcjo formation consists of coal­
bearing sandstone and shale, principally of 
:fresh-water origin. . The type locality of the 
:for.mation is in Vermejo Park, N. Mex.; where 
the rocks are well e..~posed and have a maxi-. 
nnnn thickness of about 3"75 feet. Three sec­
tions were measured in V ermejo Park at locali­
ties 1.23, 124, and 1.25 (see pp. 143-146). The 
rocks are better exposed at locality 123 than 
they are in .the other places, and this may be 
regarded as the type locality of the Vermejo 
formation. The section is as follows: 

Section of rocks measured at local·ity 123, at the southeastern 
· extremity of Vermejo Park, N. Mex. 

(For graphic section sec PI. XXII, p. 164.) 

Raton formation: 
Conglomerate (top eroded away) ......... . 

Ft. in. 

20+ 

Vermejo formation-Continued. 
Shale, sandy, with thin sandstone ... · ... . 

Coal .............................. . 
Shale, sandy ............. -............. .. 

Coal .. , ....................... · .... . 
Shale, yellow, sandy .................. . 

Coal .. : . .......... _ .. _ ............ . 
Shale, drab ..... _ .............. _ ........ . 

.Coal. ~ .............. _ .............. . 
Shale, drab ........ _ .................. .. 
Sill of igneous rock, much altered, con-

tains· coke .......................... -. 
Coal,.altered to coke at top ......... . 

Not exposed ..... _ .................... . 
Coal ................. _ ......... · .... _ 

Sandstone, shaly, friable ............... . 

Trinidad sandstone ......................... . 
Pierre shal c: · 

Transitional zone. 
Shale (pof3sibly including rocks older than 

Pierr0; lower 2,300 feet penetrated by 
drill). Near the top were found AnC'IJ­
lor.eras sp., Inoceramus barabini Morton, 
Inoceramus sagensis Owen, Inoceramus 
vanuxerni Meek and Hayden, ltfactra 
sp., Ostrea patina Meek and Hayden, 
Scaphites nodosus Owen ............. . 

Ft. ·in. 

41 0 
3+ 

15 0 
3 6 

17 0 
10 

7 0 
4 

21 0 

6 0 
3 4 

]!) 0_ 
1 6 

38 0 

370+ 
100± 

2, 530+ 

3, 020± 

The Vermejo formation rests conformably 
on the Trinidad sandstone and there seen1s ·to 
have _been no time break between then1. In 
most places the lowest bed of the V ermej o is 
shale, and the line of separation between it 
and the Trinidad sandstone can be drawn 
definitely,. but where tl;le lowest bed is sand­
stone, as at locality 123 (p. 143),·exact demar-
cation is not easy, although the doubtful zone 

Unconformity. 
Vennejo formation: 

· Coal .............................. . 
Shale, black, carbonaceous at top ....... . 
Sandstone, yellow, massive, fine grai1~ed, 

containing Ficus speciosissi'l_na Ward, 
Pterospermites undulatus Knowlton, Se­
quoia obovata .Knowlton, 8abal mon­
tana Knowlton, Zizyphus paliuriff!lius 

3 
3 

o is in· few places more than a few feet thick. 
0 The upper lin1it of -the· Vermejo fonnation is 

well marked, and the n1assive basal conglomer­
ate of the Raton formation rests unconformably 
on it. At locality 123 the conglomerate rests 

Knowlton ... ~ ...................... . 
Covered ................................. · 
Shale, drab, somewhat 'sanely ........... . 

Coal ...... : .......... _ ............ . 
Sandstone and s:Qale, not continuously 

exposed ............................ . 
Sandstone, white, massive, very f'riable .. 

· Coal (streak). 
Shale, drab ............................ . 
Sandstone, yellow to white, massive, 

coarse grained .......... .' .......... : .. ·. 
Shale, very sandy ..................... . 
Sandstone, yellowish white, massive,· 

coarse grained, fossiliferous ............ . 
Coal ........ ~ ....... __ ............ . 

10 
33 
22 
6 

44 
24 

. 13 

11 
12 

12 

0 
0 
0 
0 

0 
0 

0 

0 
0 

0 
10 

on coal, but a few hundred feet away it rests 
on shale, and still farther away on sandstone. 

THICKNESS'AND EXTENT. 

The Vern1ejo formation has its greatest 
observed thickness in the western part of the 
Raton Mesa region near the interstat.e boundary 
and thins toward the south, the east, and the 
north. All of the sections measured in the 
central western part of the region show consid­
erable thicknesses of it (see Pl. XVII, p. 195), 
but it reaches a maximum of nearly 400 feet at 
Cornel!l, Colo. (locality 133, PL I, in pocket). 
Between this locality and Spanish Peaks, a 
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dist~nce ·of 20 miles, the· thickness does not 
vary greatly, but north of Spanish Peaks it 
thins sharply to a minimun1 observed thickness 
of about ·31 feet on Cuchara River. (See fig. 
9, p. 158.) 

Toward the south the Vermejo formation was 
not found iri Van Brmnmer Park, possibly be­
cause of the absence· of good exposures;· and i~ 
was not observed for about ·7 miles'to the south. 
Beyond this to Baldy Peak (locality i, Pl. I) 
tlie exposures are goocl and the V ermej o does 
no~ occur; and from Baldy Peak to locality 4, 
in Ute Park, a distance of abou·t 6 miles, no 
rocks that can be referred to it were found. 
In Ute Park the Vermejo appears as a wedge 
that .bluntly thickens to 150 feet or more in 
Cin1arron Canyon. Thence, northeastward 
along the.edge of'the Raton field, its thickness 

·. is variable, as shown in detail in Plate V (p. 56). 
It thins and disappears east of Koehler and was 
not found at the outcrop between K.oehler and, 
Vail I-Io'uten but -is present a little farther to 
the west, where it is exposed in the canyons 
and where it was penetrated by drill and in 
mine shafts. It is absent from Red River Peak 
but ·is present farther north, where it was ob­
served. in the canyon walls, mine prosp~cts, etc; 
East of Raton it thins out and· has not been 
observed in the Raton field east of-locality 81. 

In the Trinidad field the eastenunost locality 
in which the V ermej o was recognized is in San 
Francisco C~nyon (locality 94). · Farther east 
the outcrop is obscured by brush. From local:.. 
ity 94 westward it grad~ally increases in thick­
ness to a maxin1um of more than 200 feet but 
is· irregplar (see Pl. XII, p. 118), reaching a 
minimum at Bowen, Colo. (locality 109); of less 
than 50 feet. North of Bowen it is less varia­
ble. (See Pl. XV, p. 132.)-

CHARACTER. 

Sandstone.-The sa1idstones of the Vermejo 
formation ordinarily do· not form prominent 
topographic features. In the northern part of 
the ·Trinidad field a cliff-n1aking sandstone 
occurs near the middle of the .V ermej o (see PL 
XVI, B, p. 136), ai{d farther south there is a 
sandstone at 'about the san1e horizon that Hills 
has called the "parting sandstone." But in 
'most places throughout the Raton, Mesa region 
the s~ndstones of the Vern1ejo are soft a11d 
friable and disintegrate about as readily as the 
shale that is associated with them. In many 

places, although the sandstones semn, when 
fresh, to be well consolidated, they weather 
readily to a loose granular mass. Attempts to 
use these sandstones as building material have 
failed because of their rapid disintegration. In 
general appearance they, do not differ notably 
fron1 the underlying Trinidad sandstone, and in 

·the southern part of the Raton field those in 
the lower part of the V ermej o can i1ot be dis­
tinguished readily from the Trinidad. The 
sandstones are usually light gray in color, and 
although they are doubtless somewhat lenticu­
lar- the lenses are so broad and thin that the 
observer receives the i1npression that the -bed­
cling is very regular. In son1e places it cmi­
trasts sharply with the obviously lenticular 
character of .some of the sandstones in the over-
lying Raton formati<;>n. . . 

Shale.-In most places the Vermejo consists 
-principally of shale- and shaly sandstone, much 
of which is carbonaceous and in which are found 
numerous seams or thin beds of coal. This 
shale varies in color from coal black through 
various .shades of .buff and tan. No doubt the 

· different layers of shale, as well as those of 
sandstone, are lenticular, although few distinct 
lenses have been traced out. If it be granted 
that the thicknesses of · the rocks and their 
descriptions in these sections and records are 
correct, it seems necessary to assume lenticu­
larity. This character becomes obvious .when · · 
an attempt is. made 'to correlate individual 
.men1bers of sections and of drill records. 
However, because most of the sandstones are 
shaly and most of the shales are s~ndy, and 
because no two observers would describe them 
in exactly th~ same tern1s, the descriptions both 
of the drill records and of the sections measured 
at the surface are likely to show greater varia..: 
tions than actually exist. 

Ooal.-Coal ·beds occur ·at many horizons 
throughout the Vermejo formation. Indeed, 
they are so numerous in ·some places that it is 
difficult definitely to correlate those of contigu­
ous localities unless the individual beds are 
actually traced at the outcrop. or unless care­
.fully measured sections u,nd drill prospects are ·. 
made close together. The coal beds probably 
furnish the most reliable data in explanation of 
the variations in thickness of the Vermejo. 
There seem t.o be good reasons for believing 
that the Vermejo coals were fonned in swamps 
lying little above sea level, ai1d that a bed of 
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coal represents a surface that wn,s practically spect contrasting shf~rply with the overlying 
level during the tin1e that the vegetable matter Raton formation, which varies in character 
fr01n which the coal was formed was ·accumu- from place to ·place and is notably coarser near 
lated. This conception scarcely admits of the· the mountains in the western part of the Raton 
postulate of extreme lenticularity of the Ver- · Mesa region than in the eastern part. 
tnejo beds, and where sections of this formation The general differences between· these two 
1neasm·ed close together differ notably in thick- forrp.ations is perhaps best described by stating 
ness and in the number of the coal beds these the writer's conception of their origin. As the 
differences may be due, at least in pn.rt, tore- rocks of the Raton formation consist mainly 
1noval of the higher beds during post-Vermejo of thick beds of sandstone and conglomerate 
erosion rather than to extreme lenticularity, near the mountains and become thinner and 
which seems to b·e a necessary assumption in the material finer away from the mountains 
case erosion be not admitted. (see p. 58), it seems obvious that the sedi-

On the other hand, it is perfectly well estab-· ments· were derived from the· area to the west 
lished that some of the bodies of sandstone and now occupied by the southern part of the Rocky 
shale are in the form of broad lenses and that Mountains and at no great distance from th.eir 
some of the coal beds also are lenticular and present resting place. In marked contrast 
that others coalesce to form a single bed. There with this the sediments. of the Vermejo forma-· 
are beds of coal thu,t.have been worked in mines tion w~re. obviously derived from some area 
or prospected along the outcrop to points where either so low lying or at such a distance from 
they were too thin to be worked profitably. the Raton Mesa region ·that no material coarser 
There are many places where shale or sand-. than sand of· medium-sized grains found its 
stone partings in the coal increase laterally way into them. The uniform character of the· 
to considerable proportions. Richardson 225a: rocks throughout a region 50 miles east and 
has described· a notable instance where a west and 90 miles north and south suggests 
thick bed of cool is split into two thinner beds the probability that the source of the sediments 
which in less than half a mile became separated was far away. It may seem· on first thought 
by 30 feet of sandstone and shale. No doubt that ·as· the Vermejo formation is thidmst in 
many si~ilar cases will be found as mining the western.part of the region and thins toward 
progresses, but where one notable exception of the east the sediments must have come from 
this kind is 'found there are probably scores of the west. However, the lithologic character; 
places where the coal beds, although somewhat of· the rocks. does not warrant this reasoning,. 
varin.ble in thickness, are continuous for long and a. critical examination of the geologic sec-· 
distances and where the intervals betwee·n them tions in the various parts of the region seems t(} 
are relatively regular .. Dec.ision of the ques- ·.prove that the observed differences in thick-· 
tion )Vhether the coal beds of the Vermejo are ness are due principally to erosion. 
more lenticular than those of other fields must The conception as just stated is in har-· 
await a :r;nuch more detailed study than has mony wit~ the known physical conditions ex-· 
yet been given them, but from such facts as are isting in the Rocky Mountain region dui:ing­
now known it seems probable that alt.hough the Cretaceous time and with the changes that. 
vari11tions in the thickness of the Vermejo for- inaugurated Tertiary time. It seems to be. 
mn.tio~ and in the number of the coal beds may genern1ly conceded by geologists who are famil-· 
be due in some measure to the lenticularity of iar with this region that in early Cretaceous. 
the beds, it is due in many places to erosion ti1ne the area now occupied by the Rocky 
following the deposition of these beds-that is, Mountains was one of very low relief, .. if not. 
to post-Cretaceous erosion. actually base-leveled. It is certain that the 

Summary.-In genern.l, the Vermejo forma- Cretaceous formations extended otiginally ove~ 
tion consists of shale, much of which is car- much of the area now occupied by the Rocky 
bonaceous; high-grade coking, bituminous coal, Mountains, and isolated reinnants preser~ed in 
and light-g~ay, friable, granular sandstone. protected parts of the mountains indicate that 
]~xcept for differences in induration the for- the whole area may have been subinerged by 
mation is relatively uniforn1 in ch~racter the Creta.ceous sea.249 This postul~te is wholly 
throughout the Raton Mesa region, ih this re.- in agreement with such data ·.as have been 
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obtained in the vicinity" of the mo.untains in 
northern New Mexico and southern Colorado. 
The Cretaceous formations are comparable in 
thickness and in lithologic character on either 
side of the mountains, and ·sedimentary rocks 
abov~ the Dakota sandstone, ranging-in thick­
n.ess from 1,000 .to more than 3,000 feet, give 
little indication that they were d~rived from 
land masses_ in the Rocky Mountain region· 
rather than from lands at greater distances. 
As Cretaceous form~tions, comparable to each 
other in thickness, lithologic character, and 
stratigraphic succession, occur on either side of 
the mountains separated by less than 90 miles, 

. it seems reasonable to assume· that they ;inay 
once have extended continuously over the .area 

. now occupied by these mountains. Although 
minor warpings of ,the' surface may. have 
·caused differences in the thickness of the sedi-. 
ments or even. slight emergences in some 
places no orogenic disturbances in the southern 
part of the Rocky Mountains before the close 
of the Cretaceous period left any unmistakable 
imprint in the stratigraphic record. At the 
close of the Cretaceous came ·the first great 
upheaval of the mountains, marked in this 
region by the unconformity between the 
Vermejo and Raton formations; and the evi­
dence derived from the younger rocks indicates· 
geographic conditio'ns very different "from those 

. that prevailed while the sedi1nents of ·the 
Vermejo were being deposited. 

DERIVATION OF SEDIMENTS. 

The question has been raised as to the source 
of the Vermejo sediments. As the formation 
occurs near the base of the present mountains 
~here is a temptation to regard the material as 
derived from the mountain ·area. But if 
this area furnished the material some clear 
evidence of that fact sho11-ld be found~and 
thus far i.t.has not been found. The sediments 
have essentiaJly the same characteristics in all 
-parts. of the Raton Mesa region. The sand­
stones of the Vermejo are not coarser nor more· 
massive near the mountains than· they are far 
from them; nor is the proportion of coarse 

·material greater near the mountains in the 
western part of the region than in the eastern 

. part After comparing the material in the 
field with that of the Raton. formation, which 
was obviously derived from _the area now 
.occupied by the mountains, the writer 1s 

inclined to doubt s·uch a doriv~tion for the 
Vermejo sedimentary rocks and to believe that 
these, like those of similar mid-Cretaceous 
formations of the · Rocky Mountain region, 
were derived from the continental land masses 
that existed during Cretaceous tjme both east 
and west of the interior Cretaceous sea. This 
belief is stte_ngthened and to some ex.tent 
engendered by the. theory presented by the 
writer in a recer1t paper 249 that highlands 
did not exist in the Rocky Mountain. region in 
Colorado and New Mexico· during the Upper 
Cretaceous epoch .and that. these mountains 
began their existence with the Tertiary: 

FOSSILS. 

Aside from the -fossil seaweeds, Halymenites 
major Lesquereux and a Cardium 84 found 
above the lowest bed of coal in ·the southern 
part of the Raton field, the fossils thus far 
found in . the Vermejo formation are land 
plants. Because of poor exposures due to the 
easy disintegration of the rocks few of these 
plants were found at the outcrop, nearly all of 
the best collections being obtained from the 
rock dumps of coal mines. A tist, complete so 
far as is known at this writing; may be found 
in· the table below. Plants found in the Canon 
City field that will be described ·later are 
inserted here in . order to bring together the 
whole Vermejo· .flora . 

Vermejo flora. 

[In this flora are included a few soeCies from the Trbndad sandstone, 
but as the Trinidad and .Vcrmejo represent continuous deposition 
the plants obviously represent one flora.) 
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Rosellinites lapideus (Lesqucreux) Knowl-

ton ........................................ X ................... . 
Halymenites ·major Lesquercmc. ............ X X X X X X . 
Halymenites striatus Lesquereux ........... X .................. .. 
Chondrites bulbosus Lesquereux ............ X .................. .. 
Chondrites subsimplex Lesquereux.......... X .................. .. 
C~ulerpites incrassatus (Lesquereux) Les-

quereu..x ................................... X .................. .. 
Acrostichum haddeni Hollick. . . . . . . . . . . . . . . . . . . . . . . . . . . X ... . 
Polysticlmm hillsianum Hollick ....... '..... . .. . .. .. .. .. . . .. X .. .. 
Pteris russellii Newberry.................... . .. . X . . . . X .. .. 
Pteris erosa Lesquereux a................. .. .. .. ~ . .. . X ...... .. 
Pteris? sp................................... . .. . X ............... . 
Asplenium? Qoloradense Knowlton.......... .. . . X ..... · X .. .. 
Asplenium sp ............... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . •......... 
'VoodwardiacrcnataKnowlton ................. X X ..•.••.. X 

a Common to bo~h Vcrmejo and Raton formatiOns. 
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Vermejo flora-Continued. 
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Stonoptorls? crotacca Hollick................ . . ... . . . . . . . . . . . . X .•.. 
Osmunda holllcld Knowlton ................ -··· ........ X ....... . 
Olclchonla rhombifoUa Hollick ............................... ~-- ..... · 
Ololchonla dolictltula? Hoor... .. . . . . . . . . . . . . . . .. . . . . X .... ·X X 
Anomia rol>usta Hollick..................... . . . . . . .. . .. . X .·.: .... . 
Anomia suporcrotacca Hollick............... . . . . . . . . X X X ... ·. 
Umchyphyllum cr. B. macrocarpum Now-

berry..................................... X X .....•.. X 
AI.JictitosdubiusLosquoroux ..... : .............. X X .......... X 
Golnitzia formosa llocr ... :.................. .. .. X X .. .. . .. . X 
Sequoia roichonbachi (Ooinitz) Hcer........ .. . . X X X X X 
Sequoia obovuta Knowlton................. .. .. X X X ..... • ... 
;yiddri.ngtonia? complaoata Lesquereux ........ X X .......... .. 
.laxodlum?sp .................................. X ............... . 
Cuprosslnoxylon coloradcnse Knowlton..... . . . . X ... - X ..••. · ... , 
Cuprosslnoxvlon?vormcjoensisKnowlton .. , ............ X ..... · ... 
Sparganium~ sp~ ...... : ...................... · .. · X :. -...... -..... . 
Sabal montl\na Knowlton................... .. .. X X X X· .. .. 
Sabal?tmgo~i (l~csqucrcux) Knowlton a ..... .... X ? ............. . 
Canna mugmfoha Knowlton .................... · X ... · X ...... .. 

Y~~~~~~~~~ioi-a<Io;1sis.:Kiio~vitoD.::::::.:::::::: :::: :::: :::: x ;_--· .. .. 
Juglans shnllls Knowlton................... ..... .. .. . .. . X . .. .. 
'Myrica torroyi Lo..~quorOIL'C ...................... X X ----1' X X 
:Mvrlcacorlncoa Knowlton.............................. X 
Su1ix gardner! Knowlton ......................... X ... · .. --~-- .... .. 
Sahx pl!cota Knowlton..................... .. .. X .. :. ... .. X ... . 

~~~~:g:~::::::::::::::::::::::::::-::::::::: :::: -~- :::: ::::;::: :::: 
Populus?noomoxicana Knowlton ........... X ............ , ...... .. 
Querens ~ardncri Knowlton................. .. .. X .............. .. 
Quo reus roclcvalensis Knowlton,............ . . . . . . . . . . . . X .... . 

~~1~~~ g~~~~~~0¥c~~~,~~~g~;~~: ::::::::::::::: :::: ·X·-~. ~ 
l~icusom:alvptlfolius Knowlton......................... X 
l~icuslcoi:Knowlton .......................... · .. X X X, .... X 
l~icus minima Knowlton ........................ X .............. .. 
Ficus nowborryana Knowlton............... .. .. .. .. .. .. . X .. .. 
Ficus? starkvillonsis Knowlton.............. . . . . X X .... ,.. . . X · 
]~icus J)rnotrinorvis Knowlton a •••••...•.... X X X X X X 
l~icus rcgularls Knowlton................... . . . . . . . . X· X ...•.... 
mens rhamnoldcs Knowlton ........................ X X X 
l~lcus ror.l,yat.on~ls Knowlton ............... · .. · .......... --~ X 
l•lcusspocw~tss•ma Ward ...................... X X X X X 
l~icus tos:;olil>ta Knowlt.m.................. . .. . . .. . . . . . X 
l~icus wardii Knowlton ......................... X X .... X X 
l~icus gigantca Knowlton................... .. .. X .............. · .. . 
l~icuscurtaKnowlton ... : .............................. X ...... .. 
Ficussp .....................................••......... X ....... . 
Artocarpus dissocta Know I ton.............. .. .. X ................ . 
Crcdnoria protophylloidos Knowlton ........ ~----· X ~---· .......... .. 
Lauruscoloradons1s Knowlton.......................... X .. .. 
Llriodondron ala tum Newberry............. .. .. X ...... --1-- .... .. 
Platanus?sp ......................... ·....... .... .... .... X· .. .. 
Amolannhior obovata Knowlton .................... t. ... X f ...... .. 
:Phasoolitos cmssus Knowlton............... .. .. . .. . .. .. X .. .. 
l~haseolitos loci Knowlton ............................... X ~~--- .. .. 
Phoscolitos mlnutus Knowlton.............. X .................. .. 
Colutcaspocioso Knowlton ...................... X .............. .. 
Colnstrus lmddoni Knowlton. .. .. .. .. .. .. .. . .. .. .. .. . .. . X .. .. 
Cclastrus? hosporius Knowlton.............. . . . . . . . . . . . . X ... . 
Cclostrus?sp .................................... X ........ 1 ...... .. 
llhamnus salicifolins Lesqueroux b.......... . . . . X X X 
Zizyphus paliurlfolius Knowlton ................ X .............. .. 
Stcrculiacoriacca Knowlton .................... X .............. .. 
l~torosponnitos 1mdulatus Knowlton ............ X X .... X ••.. 
]~tcrospcrmitcs wardii Knowlton............ . .. . X X .......... .. 
Ptcrospcrmitos norvosus Knowlton ............. X ............... . 
Hodcra rotundifolia Knowlton.............. .. .. X ............... . 
\litis? fmgmonta .. .. .. .. .. .. .. .. .. . .. .. .. . . X X .............. .. 
Cissitcs pandurntns Knowlton.............. . .. . X .............. .. 
plosi!yros? loci Knowlton ... :............... .. .. X .............. .. 
Fraxtnus? sp ................ ·................ .. .. X .... : .. ....... .. 
Vlb\lrnum anomalincrvum Knowlton....... . . . . X ..........••. : .. . 
Viburnum? hcspcrium Knowlton ....................... X ....... .. 
Vlbnmum montanum Knowltoi1........... .. .. X X. .. .. X ... .. 
Viburnum? prohlomaticum Knowlton...... . . . . . . . . X X . . . . X 
Viburnum stmilc Knowlton................. .. . . . .. . .. .. X 

a Common to both Vcrmejo and'Rnton formaUons. 
b '.l'ho only Vcrmcjo species found in the Laramie or the Denver Basin. 

Vermejo fl?ra-Continued. 
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Viburnum rhamnHolium Knowlton......... . . . . X ........ , ...... , . 
Viburnum crassum Knowlton.............. X . , ...... · ..... : .... .. 
Viburnum sp .................. :............ . . . . . . . . . . . . X ...• 
Palae?aster in~uirenda Knowlton a ......... .... ·x ....... ·.1 X .. .. 
S~cedlJ.!lg plant . _. ............................. ---,X • ·.· · ·,' ·.

1
- • • • - • • • 

1 hylhtes aurantiacus Knowlton............ .. .. X · .. ~- .......... .. 
PhyllitcslceiKnowlton ......................... X ........ 1 ...... .. 
Phyllites nanus.Knowlton ..... ·.: ............... ·X ......... I ...... .. 
Phyllites populoides Knowlton ................. X ........ 1 ....... . 
·Phyllites pr'otophylloides Knowlton ... · ..... : .. ·.' .... ... , . X .. .'. 
Phyll!tes ros!tefolius Knowlton ........... -.- .... · X · ·: · · · · -~-- .... .. 
Phylhtessapmdus Knowlton ...... : ............ X ........ .. : . ... . 
PhyllitoJ castalioides Knowlton ................... ·.· .. .. · X ... .. 
Phyllites \Valsenburgensis Knowlton......... . . . . X : . ... : . ...•....• 
Phyllites neomexicanus Knowlton .......... . : . .. X .............•.• 
Phyllites ratonerisis Knowlton .......... ~... X ................ : ... 

a Common to both V crmejo an.d1laton formatioi~:S. 

~_POST-CRETACEOUS ~N:~·ON.FORMI~~;-· ~ ·:i 

Evidence of the post-Y,erm~jo -irnc9nfol'Ali~y; 
which the writer regards ~ ·a_ p~rt of th~.ge~1~ 
eral post-Cretaceous unconformity of the -~ou~hl- · 
ern Rocky Mountain region,· was· obt~ined at 
many of the localities described in' detail in 
other parts of this paper .. In some .places ·well­
marked angularity was noted between the 
planes of bedding of the two. formations. The 
n1ost conspicuous exam.ple of this is ·in Ute 
Park, ~here the base of the Raton ·fo~ation 
transgresses the Vermejo formation, the Trini­
dad sandstone, and a considerable ~hiclmess of 
Pierre shale. · (See Pl. V, p. 56.) Well-marked 
a:r;tgularity ":as observed in Cot~Qnwood Can­
yon, N.Mex., near locality 48 (fig_. 8, p.lOO), and 
in the Willow mine at Van Houten, N. Mex. 
(fig. 3, p. 96). At many other localities less con­
spicuous angularity was noted. However, in 
many places -throughout the Raton Mesa re­
gion the stratification of the Vermejo is so· 
nearly parallel to that of the Raton forma­
tion that it is quite impossible to determine 
whether a slight angularity marks the horizon 
of a general unconformity or constitutes a mere 
local unconformity such as is somewhat com­
mon in the younger beds of· the region. 

At ·many of the localities examined in detail 
the evidence of erosion at the top of the 
Vermejo is ·unmistakable. Certain easilyrecog-
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nizable beds, such as coal, when traced later-
. ally, disappear abruptly at the line of uncon­
formity; and in some places the Vermejo 
formation t.hins sharply or disappears entirely 
in a manner best explained by erosion. The 
relations of the Vermejo formation to the 
younger r09ks is fully described on pages 66-

, 161. The stratigraphic and strD;ctural rela­
tions are indicated graphically in the several 
pla:tes of sections (Pl. V; Pl. X, p.108; Pl. XV, 
p. 132; and Pl. XVII, p. 142), and can best be 
understood from study of these plates. 

The lithology of the Vermejo formation is suf­
ficiently different from· that of the Raton for­
mation to indicate to a close observer, evenwith­
out the aid of other data, ~hat they should not be 
included in a single formation; and this physi­
cal_ evidence of unconformity is ablindantly 

· supported by the evidence of the two fossil 
floras, which are pra.ctically unrelated, thereby 
showing that the unconformity represents a 
long interval of time. They prove, according 
to Knowlton, that the Vermejo formation is 
Montana in age and that the Raton formation 
is Tertiary. The length of time represented by 

· the unconformity as indicat~d by the fossil 
plants is commensurate with that indicated by 
the observed structural relations and· by -the 
character of the basal conglomerate of the 
Raton formation. (See p. 58.) In· short, the 
unconforll?-ity seems to represent all of Laramie 

. and perhaps some of late Montana time, for 
rocks of Montana age have been eroded away. 

If this erosion resulted. fro~ uplift in the 
Rocky Mountain region, as is postUlated in this 
paper, it m11'"t have been accomplished by 
streams of relatively high gradient, and the 
resulting surface would naturally be more or 
less uneven. This feature is shown graphically 
in Plates V, X,- XV, and XVII, from which it 
appears that erosion cut deeper in some places 
. than in others. In the southwestern part of 
the Raton field, north of Ute Park, it cut well 
down into the Pierre shale; in the eastern part 
of this field between Koehler and Red River 
Peak it cut in some places down to the Trinidad 
sandstone; and from the mesa.region of Raton 
it removed all rocks that. may have existed· 
above the Trinidad. These are the only areas 
in the Raton Mesa region where the Vermejo 
is known· to have been entirely removed. 
These areas (see Pl. I, in pocket) are in line 
from southwest. to northeast, . and this fa'ct 

suggests rather strongly that. they may be 
parts of the valley of one of the major streams 
of early Tertiary time, and ~hat this stream 
emerged from the mountains at the southern 
end of the Raton field in the vicinity of Baldy 
Peak and was flowing in a general northeasterly 
direction when deposition of sediment was 
resumed. 

, TERTIARY SYSTEM. 

RATON FORMATION. 

NAME AND TYPE LOCALITY. 

Raton formation is the name given to the 
· upper coal measures of the Raton Mesa region 
and includes all of the stratified rocks between 
the Vermejo and the Poison Canyon forma­
tions. The name was :first used by Hayden29a 

to indicate all of the coal-bearing rocks which 
he observed near Raton Mesa. As used by 
him it included .the beds now assigne.d to the 
Vermejo formation, but as the Vermejo is not 
conspicuously exposed along the route trav­
ersed by Hayden and as most of the rocks 
that ~e called Raton Hills group belong to the 
coal-bearing _formation above· the Vermejo 
.the name Raton has been adopted for this 
formation. 

The type area of the Raton formation is the 
high mesa region between Trinidad, Colo., and 
Raton, N.Mex., erroneously caJled mountains, 
that culminates in Fishers Peak, a sharp pro­
jecting point of the highest mesa. No com­
plete section of the rocks is exposed in 'the 
sl9pes _of this highest mesa, called Raton Mesa, 
but in the side of Bartlett Mesa north of the 
town of R~ton, from locality 75 (see Pl. I, in 
pocket) to the southern point of the mesa, 
these rocks are well exposed (see section on 
pp. 106-107 and Pl. -X, p. 108), and a fairly 
complete section was measured with Locke 
level. -. . 

The details ·of the coal-bearing portion of this 
formation, given below, were obtained from the 
records of diamond-drill holes put down near 
Brilliant, N. Mex. The rocks above thos·e 
penetrated by the drill are mainly coarse 
arkosic sandstone which seems · to grade up­
ward into the Poison Canyon formation. ·The 
two . coal beds penetrated near the bottom. of 
_the h_ole are in- the Vermejo formation, but the 
position of the Vermejo~Raton contact was not 
determined. Below the coal the drill entered 
the- Trinidad sandstone. The succession of 
beds is as follows: 
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Rocks penetrated by diamond drill near Brilliant, N. Mex. 

Ft. in. 

Surface soil .................................. . 10 0 
Sandstone ............. : ............. : ....... . 3 0 

Coal .................................... . 1 8 
Sandstoi10 and shale, alternating layers ........ . 20 4 
Sliale ....................................... :. 22 0 

Coal ........................ , ........... . 5 
Shale ........................................ . 22 7 
Sandstone ..................... : ............ ~ . 3 0 

Coal .................................... . 1 0 
Shale ........................................ . 4 0 

Coal .................................... . 1 0 
Shn.le ........................................ . 3 0 

Coal .................................... . 1 1 
Shale and sandstone .......................... . 40 11 

Coal .................................... . 10 
Shale ............................ : ....... . 8 
Coal ......... : .......................... . 6 

Shale ....... : ................................. . 3 4 
Coni .................................. · .. . 3 

Shale, sandy ... · ......................... ·.· ... . 44 11 
Coal ..................................... . 4 

Shale ................ : ....................•... 13 2 
.Coal ................................ ~ ... . 10 

Shale ............. " ........................... · 11 2 
Sandstone ................................... . 7 0 
Shale ............... · ......................... . 8 6 

Coal .................................... . 9 
Shale .•••...... ." ......................... . 2 
Coal .• _-- •.............. · ................ . 7 

Shale.····----- .............................. . 4 2 
Coal .................... ~ .... ; .......... . 10 

Shale, sandy ......................... ~ ........ . 23 0 
Sandstone .................................... ~ 21 0 
Shale, sandy ........ · ........................ . : . 13 0 

Coal .................................... . 10 
Sandstone ................................... . 15 2 
Shale ......................................... ' 20 0 

. Coal ..................................... . 6 
Shale, sandy ................................. . 15 6 
Sandstone ................................... . 43 0 
Sandstone and shale, alternating layers ......... . 43 ·5 

Coal .................................... . 7 
Shale and sandstone .......................... . 18 0 

Coal ....... · ..................... · ........ . 9 
Shale ............................... : ........ . 2 3 

·Coal .................................... . 6 
Shale ........................................ . 15 1 

Coal .................................... . 10 
Shale .................................... . 2 1 
Coal_. ................................... . 2 

Shale and sandstone .......................... . 37 10 
. Coal ..... : .............................. . 3 

Shale ........................ : .... · ........... . 20 3 
Coal .................................... . 3 

Shale, sandy ................................... · 20 3 
Coal ............................. : ...... . 1· 0 

Shale ........................................ . 3 6 
Coal ...... ~ .................... · ......... . 10 
Shale .................................... . 1 9 
Coal .................................... . 6 

Shale ............................. · ........... . 
CoaL ....... ~---·· ........................ . 

Shale and sandstone .......................... . 
Co::tl ... : . ............................... . 
Shale ................. ··.······· .......... . 
Coal. ..................................... . 

Shale ......................................... . 
Coal .................................... . 
Shale .................................... . 
Coa.l ................ : ............ ~ ...... . 
Shale .................................... . 
Coli ........................... ~ ........ . 
Shale· ................... : ............. : .. . 
Coal .... : ............................... . 
Sandstone .................... · ....... - ... . 
Coal ................... · ................. . 

Shale, sandy ....................... : .... · ..... . 
Coal ...... · .............................. . 
Shale .................................... . 
Coal ..................................... . 

Shale ........................................ . 
Sandstone ................................... . 
Sh~le ......................................... . 

Coal .................................... . 
Shale ........................................ . 

Coal ............................. · ....... . 
Shale .......... · .......... · ................. · 
Coal ... : ... : ............................ . 

Shale, sandy ......... : ....................... . 
Coal ....................... ~ ............ . 

Shale and sand~tone, alternating layers ........ . 
Sandstone ......................... ~-- ........ . 
Shale, sandy ............ : ..................... . 
Sandstone ...................... : ............ . 
Shale; sandy ............. · .................... . 
Sandstone ................................... . 

Coal ..... : ......... ~ .................... . 
Sandstone and shale ........... : . ............. . 

Coal ............. ·.· ............... ···.· .... . 
Shale ........................ · ............... · .. 
Sandstone .................................... . 
Sandstone and shale .......................... . 
Igneous rock ............. · ..................... : 
Sandstone and shale ..... ~ .............. · ...... . 

Coal ..................................... . 
Shale.· ................................... . 
Coal .................................... . 

Shale and sandstone .......................... . 
Coal ................ · ...... · .............. . 

Shale ....................... · ................. . 
Sandstone (Trin idacl): ...... : ................. . 

Ft. in. 
24 7 

4 
. 21 6 

6 
1 3 
1 0 

68 3 
3 
9 
9 

10 
1 9 

2 
1 4 

10 
8 

36 3 
3 
3 
3 

24 0 
17 0. 
1 10 

6 
3 8-

7 
·n 

3 
47 9 

6 
14 0 

143 0 
22 0 
71 0 
25 0 
37 6 
2 1 

51 9 
5 

20 3 
18 0 
16' 0 
50 0 
35 0 

2 0 
1 ? 

1 
7 4 
3 10 
1 9 

49 8 
----
1,388 1 

THICKNESS ,AND EXTENT. 

In Raton :Mesa the top of the Raton forma­
tion is about 2,000 feet higher than its base 
and probably at no o~her locality in the region 
is so great a thickness of this forn1ation pre­
served. .If the strata were horizontal, this dis­
tance would indicate the thickness of the for­
·n1ation. At iocality No. 75, n~ar Raton, ·the 
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formation is about 1,140 feet thick, and in the 
western part of the region, at Tercio, Colo., it 
is about 1,650 feet thick. Unlike the Vennejo, 
the Raton formation is es~entially conti~uous 
throughout the region, . the only interruptions 
in its continuity peing such slight ones 'as tho~e 
at Morley and in Vern1ejo· Park, where the 
strata were domed and the rocks removed by 
erosion 'fron1 the crests. The outline ~of the 
Raton Mesa region, shown on the map (Pl. I, 
in pocket), is essentially_ the ~OUJ?._dary· of the 
Raton forn1ation. · . 

CHARACTER AND DIST,RmUTION. 

Range.-The rocks of the Raton formation 
vary in character from coal and carbonaceous 
shale to sandy shale, sandstone, and conglmn­
erate. In most places the rocks weather to 
yellowish brown. Most of the conglomerate 

· occurs at the base of the formation, but in the 
southwestern part of the Raton·field conglom­
erates were found far above the base. Coal 
occurs throughout the formation, but the prin­
cipal beds are· gouped so that at least two·coal­
bearing zones are recognizable~a lower one, in 
which the coals are only loc.ally of commercial 
importance and. ·an. upper one in which several 
thick.beds occur. 

Basal conglomerate.-The base of the Raton· 
formation in nearly all parts of the Raton Mesa 
regio~ is conglon1eratic. In the western part 
~f the :region this co;nglomerate contains much 
arkosic material, is several hunched feet--thick, 
and is coarse, massive, and resistant, but it thins 
and becomes finer grained toward the ea::;t. It 
varies greatly from ·place to place in thickness 

-and in character, and in some places it can be 
. distinguished from the sandstones higher in the 
forn1ation only by the closest observation. In 
the vicinity. of Raton it ·is represented by a thin 
quartz~se sandstone in which only a very few 
sn1all pebbles have beeil found; also, near.Trin­
idad, Colo., there are many places where it is 
difficult to determine the line separating the 
.Raton forn1atim1 from ~he Vermejo; but in the 
western part of the region south of Spanish 
Peaks,. in the southern arid ~astern parts as far 
north as Canadian River, and in the easte~n 
part of the Trinidad field north of the city of 
Trinidad there is little difficulty in recognizing 
the conglon1e:ratiq sandstone that constitutes 

. the base of the Raton formation. 

The basal conglomerate consists of a matrix 
of firmly cmnented sand, usually more or less 
quartzose, in which are embedded pebbles ·con­
sisting n1ainly of quartz, .quartzite,- and chert 
varying in size fron1 s1nall grains to masses. 6 
inches in diameter. The pebbles are unevenly 
distributed-in places in irregular masses many 
feet thick, i.n places in small" pockets," and in 
pla9es singly. · In character the pebbles are 
varied-near Vermejo Park and elsewhere were 
found smne of c9al; and in the hogback far~h(w 
west and north wer(3 fo1,1nd pebbles app.arently 
from the Trinidad sandstone; quartzose sand­
stone similar to· the Dakota; conglomeratic 
sandstone ·similar to the co~glomerates. of the 
Purgatoire forn1ation; petrified wood th~t may 
have come frmn the Vermejo or fro1n· the Da­
kota; red sandstone that could have come only 
from the red beds stratigraphically below the 
Dakota;. cherty limestones with impressions of 
crinoid steins, such as are found in the liihestone 
below the red beds; pebbles containing horn 
corals, such as are found in the limestones of the 
Pennsylvanian rocks (p. 42) ;· quartz; quartz­
ite; jasper; several sorts of cherts; igneous rocks, 
son1e of which are coarsely ·crystalline, like the 
granites of the. n1ountains to the West ·and some 
fine grained, like tho~e found in dikes ·of the 
mountain region; and pebbles ·of feldspar up to 
half an inc4 or more in diameter, most of therri 
kaoliniz~d, but some of them still retaining their 
original form sufficiently to show cleavage faces .. 

The character of the conglomerate strength­
ens the postulate (p. 56) that one of the. main 
streams of early Tertiary time entered .the 
Raton: Mesa region from the southwest near 
Baldy Peak, ·and indica~es that this stream 
probably carried n1uch of the sediment that 
forn1ed the Ra~on beds. In the southwestern 
part of the Raton field the pebbles attain their 
maximum size and the conglomerates.'their 
ma:xin1um thickness. The sandstones farther 
to the east andsouth, which lie above the lowest 
conglomerate (see Pl. VI, p. 68) and which are 
in part equivalents of the higher conglomeratic 
beds to the northwest, are n1uch thic.ker and 
more massive than sandstones at the same hori­
zon in the eastern parts of the field. In brief, 
the Raton formation is coarsest and thickest in 
the southwestern part of the field and becomes 
thinner, ·finer grained, and more shaly toward 
the north\vest. · 
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Lower coal zone.-In many places in the east­
ern part of the.Raton :Mesa region a zone of coal-· 
bearing shale occurs in the lower part of the 
Raton :forma.tion. This is perhaps best known. 
east of Raton, where several mines have been 
opened on tlie thickest coal (here known as the 
Sugarite bed), which occurs about 100 feet 
above the ba~e of the ·Raton for1nation. Tlus 
zone of coal-be.aring shnle is known to extend 
southward beyond Dawson, and it is rather 
definitely identifiable in the eastern pa:r;t of the 
Trinidad field, but in the western and extrmne 
southern part of the Raton Mesa region it was 
not recognized. Its place ~here seems to be 
occupied by sandstone or perhaps even by con-
glOJnerate. · . 

Ol~f]s m· " barren series."-A series of bed~· 
consisting principally of coarse-grained sand­
stone occm·s above the lower co8l zone and out­
crops in the cliffs that forn1 an abnost ·co~tinu­
ous escarpn1ent along the eastern 1nargin of the 
Raton field and in the precipi.tous walls of n1ost 
of the canyons. (See Pl. VI, p. 68, and Pl. 
VIII, p. 94.) ·In the 'frinidad field these sand­
stones are recognizable in the 1neasured sections 
and the drill records, but they do not form·~ 
conspicuous escarpment as they do in the Raton 
field. These rocks are 600 feet or more in 
thickness in the southern part of the Raton 
field but thin northward to 200. or 300 feet. Be­
cause no coal of co1n1nercial importance has 
been found in thmn they are locally known as 
the ".barren series." In the western· and ex­
trmne southern parts of the region this series 
blends with the underlying congl01nerate .. (See 
Pl. X, p. 108; and Pl. XVII, p. 142.) 

UzJper ·coal zone.-The principal coals of the 
Raton formation occm· in a series of alternating 
sandstones and shales above the "barren se­
i.·ies." This upper coal zone is recognizable 
quite· generally throughout the Raton Mesa 
region. The lowest coal beds ii1 the zone have 
been ·developed at Yankee and at Brilliant in 
the Raton field, and the higher beds are known 
in prospect openings made in many places 
throughout the eastern part of this field. In 
the Trinidad field these upper coals are m.i.lieq 
at Primero, Segundo, Delagua, Rugby,. and 
·elsewhere. · 

MEASURE OF POST-CRETACEOUS EROSION. 

Some of the author's reasm!s for believing 
that the sou theri). Rocky Mountain region was 
submerged by the Cretaceous ·sea and that the 

Upper Cretaceous formations extended con­
tinuously. over it have already been· given in 
this paper (p. 37) and have been inore com­
pletely ·stated in a separate publication.249 

According to the measurements (see p. 41) 
of the several formations now exposed in the 
foothills along the mountains t.he conglomerate 
a·t the base of the Raton formation is strati­
graplucallymore than 18,000feet apove the crys­
talline and metamorphic rocks that furnished 
most of the pebbles found in it. If it could be 
demonstiated that the older sedimentary for­
mations were coriformable and once extended 
continuously over the now uplifte_d area, this 
figure nught be accepted. as an adequate meas­
u:r;e of the post-Cretaceous erosion, but they are 
not conformable with each other and there is 
doubt as to their original distribution. How­
ever,. the Upper Cretaceous sedimentary rocks 
_are col)formable throughout and in order that 
pebbles of sandEltones from the Dakota and 
from the still older red beds might be incor­
porated in .the conglomerate there must have 
peen differenti~l uplift and erosion of more than 
4,000 feet. It is probable that the erosion was 
much greater than this, but it is perhaps unsafe 
to make the figure larger, for it is practically 
certain that the crystalline rocks of the· moun­
tain area near by were expos.ed at the surface 
during the formation of the red beds and that. 
they furnished the boulders of granite and of 
other crystalline and metamorphic rocks found 
in these red beds. It is equally certain, how­
ever, that the highlands had been reduced to 
low relief previous to the deposition of the Mor­
rison formation, for no material .coarser than 
sand has beei.1 observed in the Morrison in the 
Raton Mesa region, though ·there must have 
been highlandf3 at no great dist~nce to furnish 
the pebbles found in the Purgatoire.. No frag­
mental rna terial coarser than sand has been 
found in the Upper Cretaceous of this region .~ 
above the Dakota, and the rocks consist princi­
pally of shale. 

Cross has estimated 133 that during the period 
of .post-Cretaceous erosion in the Denver Basin 
14,000 feet of sedimentary rocks '':ere cut away. 
Computed· in ·a similar way the. amount of 
post-Cretaceous erosion in the Raton ~1esa 
region would seem to be at least as great. But 
this method of measuring the· amount of ero­
sion seems open to criticism. However, al- · 
though a definite measure of the uplift and 
~rosion may not be possible, the known facts· 
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see1n to prove that the- post-Cretaceous uncon-: 
Jormity in the Raton Mesa region"represents 
a period of erosion whose·duration is compara­
ble to ·that of post-Cretaceous erosion in the 
Denver Basin. 

LOCAL UNCONFORMITIES. 

In some places local unconformities occur 
within the Raton formation. · A rather con­
spicuous one was observed in the canyon of the 

·Purgatoire near Weston and another in the 
canyon of the Canadian. The beds of the 
Raton formation· are so lenticular in some places 
that e~act correlations of individual beds in the 
measured sections is difficult .. 

FOSSILS AND AGE R~LATIONS. 

The Raton formation in all parts of the 
Raton. Mesa region contains great numbers of 
fossil plants, of which 150 have been described 

. and are named in the following table of fossil 
plants. A large number of these plants occur· 
in the Wilcox group of the Gulf coast-a group 
·lmown to be of Eocene age riot only because 
of its fossil plap.ts but because of its inverte­
brate fauna and its· position above a· formation 
(Midway) that contains distinctively Eocene 
invertebrates and which in turn lies uncon­
formably on rocks of Cretaceous age. 242 

The ·relation of the Raton flora to the. Arapa­
hoe, Denver, Dawson, Fort Union, Midway, 
and. Wilcox floras is discuss~d by Knowlton in 
the accompanying paper and need not be re- .. 
peated here. Berry 250 has shown that these 
floras are closely allied to each other, that they 
are early Tertia-ry in age, and that they are es­
sentially synchronous with the basal Eocene 
of Europe. The_ paleontology is in perfect 
accord with the structure in indicating the 
early Tertiary age of the Raton formation. 

Raton flora. 
[A few of the species of this list are described from specimens from the 

Poison Canyon formation, but as the same species occur in the Raton 
formatiOn these are properly included m the Raton flora.] 

-------------------:-1----
Dryopteris? cladophleboides Knowlton., ............. : . ..... · ........ . 

~Ur~~~~~~ t~~quc~e;;;·i;::::::::::::::::::::::::::::: · x· · :::: · x · · x · . 
Pteris russellii Newberry .. .' ......... , ........................••...•.. 
l'teris linear is Knowlton ................. : ....•............•......... 
Asplenium? primero J<nowlton ...•...........•...................... 
Anemia occidentalis Kno.wlton .•.•.. ~ ....•........ : .. ............ · ... . 

a The Dawson flora as revised by F. H. Knowlton for this paper consists 
of 45 forms, 35 of which are specifically named; 17 of these species are 
found m the Raton formation. (See pp. 17D-171.) 

b Common to both Vermcjo and Raton formations--:-4 species. 

Raton flora-Continued. 

-------,--------------1-----
Alismaphyllites crassifolium Knowlton ............ -'·· ........... : ..•• 
Phragmites oeningensis Alexander Braun ..•....... ·. . X . . . . . . . . X 
Oreodoxites plicatus Lesquereux..................... X . . . . . . . . X 
Sabalites grayanus (Les~uereux) Lesquereux ........ X X X X 

~!~:~J~~~~~;n~~~~~-~~:::::::::::::::::::::::::: :::: :::: :::: :::: 
Sabal? leei Knowlton ....•••........................... : . ..... : . .... . 
Eabal? ungeri (T,csquereux) Knowlton .............................. . 
"Geonoma" gigantea Knowlton .................................... . 
Geonomites tenuiraehis Lesquerenx.................. X . . . . X ... . 
Palmo~arpon palmarum (Lesqucreux) Knowlton b ••• X .... X X 
Juglans acuminata Alexander Braun ..... : .......................... . 
Juglans nigella Heer ............ ~ ................................... . 
Juglans minutidens Knowlton ........ : ............................. . 
Juglansberryi ........................................ X X ....... . 
Juglans rugosa Lesquereux ......................... , X ........ X 
Juglans rhamnoides Lesquereux ..................................... . 
Juglans sapindiformis Knowlton .................................... . 
Juglans sapindoides Knowlton ... -~ ................................. . 
Juglans schimpcri Lesquereux..... . . . . . . . . . . . . . . . . . . X X . . . . X 

·Populus neotremuloides Knowlton ....................... : . .. : . ..... . 

~~~~~a~~~;::~~~;lton:::::~:::::::::::::::::::: :·::: :::: :::: :::: 
Castanea mtermedia Lesquereux ..................... ·X ......... ? 
Quercus fisheriana'Knowlton ......... : ............................. . 
Quercus simplex Newberry ......................................... . 
Quercus? neomexicana Knowlton ................................... . 
Quercus? ratoncnsis Knowlton...................... X X ..... ~ .. 
Dryophyllumaqua~rum?Ward .•.............. .' .................. . 
Dryophyllum mooru (Lesquereux) Berry............ X X ....... . 
Dryophyllum tennesseensis Berry.................... X X· ._ ...... . 
Ulmussp ...... ~ ... : ............•..•................................• 
Ficus artocarpoides Lesqueremc...................... X X ....... . 

·ii~~~~fga~i~~~~~~_:_:::~::::::::.~·::::::::::::: -~- Y: :::: :~: 
F1cus occ1dentalis (Lesquereux) Lcsquereux. . . . . . . . . X X . • . . X 
Ficus harrisiana Holiick ........................ -.... X X ....... . 
Ficus denveria.na Cockerell.. . . . . . . . . . . . . . . . . . . . . . . . . . X X X X 
Ficus neoplanicostata Knowlton..................... . . . . X ....... . 

· Ficus planir.ostata clintoni (Lesquereu..'i:) Knowlton. . X . . . . . . . . X 
Ficus latifolia Lesqueremc. ................. .'......... X X X ... . 
Fwus pseudo populus Lcsquereux.................... X X ....... . 
Fictis.praetrinervis Knowlton a .................. ~ .................. . 
Ficus schimperi Lesqnercu..'i:......................... X X .. , .. : .. 
Ficus? smithsonian a I.esqueremc b................... X ........... . 
Ficus richardsoni Knowlton ......................................... . 
Ficus minutidens Knowlton ........................................ . 
Ficus ratonensis Knowlton ..........................................• 
Artocarpn<> similis Knowlton........................ X . . . . ? ...• 
Aristolochia? elongata Knowlton .................................... . 
Castalia lcei Knowlton ..••......................... ~ ................• 
Nelumbo lakcsiana (Lesquereux) Knowlton......... X . . . . X X 
MagnoliaangnstifoliaNewberry ...................... X X ....... . 
Magnolia lauri!:Jli& Lesquereux....................... X ........... . 
Magnolia hilgardlana I.esquereu..'i: ........ ·............ X X ....... . 
Magnolia magnifolia Knowlton .......................... : . ...... : X 
.MagnolialeeiKnowlton ....... , ...................... X X ....... . 
Magnolia leslevana Losquereux............ ... . . . . . . . . . X X. . ...... . 
Magnolia rogafis? Heer ..•.................................. , ........• 
Magnolia rotundifoha Newberry-~-- ................................. . 
Magnolia cordifolia J.esquereux...................... X X ........ . 
Laurus?caudataKn')wlton ..•....................................... 
Laurus ratonensis Knowlton......................... X X ....... . 
Lauru<;? colorademis Knowlton .................. · ... , ................• 
Laurus pedatus? Lesquerem: ......................... X X .......• 
Laurus socialis Lesquereux .......................... X .... X X 
Laurus utahensis I.esquereux ....................................... . 
Nectandra lan~ifolia (Lesquercux) Berry............. X x ....... . 
Orcodaphlie? ratonemis Knowlton ............ : ..................... . 
Cinnamomum? ficifolium :Vnowltr.n ................................ . 
Cinnamomumlinifolium Knowlton ....................... ···'· ...... . 
Cilmflmomum mississippien.;;o? Lesquereux .......... X X· ....... . 
L1quidambar cu0haras Knowlton •............ · ....... ·x . . . . . . . . ? 
Platanus aceroides Goppert. . .. . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . X 
Platanus aceroides cuneata Knowlton ............................... . 
Platanus aceroides latifolia Knowlton· ............................... . 
Platanus guillelmae Goppert.......................... X . . . . . . . . X 
Platanus guillelmae heerii Knowlton ................................ . 
Platanusplatanoides (Lesquereux) Knowlton ....................... . 
Platanus raynoldsii Newberry....................... X . . . . X X 
Platanus rhomboidea Lesquereux.................... X· . . . . X X 
Platanus? rcgularis Knowlton ....................................... . 

~~~:%Y~r~~ee~~f~ ~~g:ng~::::::::::::::::::::::: :::: :::: :::: :::: 
Leguminosites arachioidcs Lesquereux............... X X . . . . X 
Sophora nervosa Knowlton ........................................ ,. 

a Common to both Vcrmejo and Raton formations-4. species. 
b Common to Raton formation and to Laramie of the Denver Basi.n-2 

species. 
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Raton flora-Continued. 

Cassia richnrdsoni Knowlton ......................................... . 
Cnss!n sapin~ioides~ KnowJton ............................ ~ .......... · · . 
Cnssta fishormna 1\..nowitou .......................................... . 
Inga hetorophylla Knowlton ........................................ . 

. Campa oolignit.ica?................................. . . X X ... : X 
. Xnnthoxylum dubium Lcsquoroux .....•............... : . ........... . 
Euphorbocn.rpum richardson! Knowlton ............................ . 
llhus vlburnoiClos Knowlton ........................................ . 
Col estrus serratus Know! ton .......................... : .............. . 
Colnstrus? sp .............................................. , ......... . 
Euony_mus. spLondons 'Berry.......... . . . . . . . . . . . . . . . . X X ....... . 
A cor h ogihs l;..nowlton .............................................. . 
Sap indus caudntus Losqucreu:c .. . . . . . . . . . . . . . . . . . . . . X . . . . X X 
Snpindus afllnus Newberry ................................ ~ ......... . 
Sap indus rocklandcnsis Knowlton .................................. . 
llhamnus cloburni Jjesqucrcux....................... X . . . . . . . . X 

~m~~:~:~~~~?g~~~1~~~~~~n~~sl~~~~\~f~ii.·.::::::::::::::::: . ~. :::: . ~ .. ~. 
Hlmmnus obovatus Lcsqucrcu..'c ........................... ~ ........ . 
llhanmus fischer! Lesquoromc ...................................... . 
Dcrchcmia muitine.rvis (Ale.xander l3raun) Heer..... X . . . . X X 
Paliums zizy~>hoidcs Lcsquereuxa ................... X ........ X 
Zizypl1us fibnllosus (Losqucroux) Lesquorcux....... X . . . . . . . . X 
Zlzyphus mciggsii (Lcsquoreux) Berry............... X X ....... . 
AJ>cibopsis? ncome.xicana Knowlton .......................... : ...... . 
~t;lla sj>cciosissima ~nowlton ........................................ . 
St.cr<'lt Ia bcrryr..r:t:l 1\.nowlt;on ........................................ . 
Dombcyopsls maguifolia Knowlton ................................. . 
Vilis olriki Hccr...................................... X . . . . X X 
Vitis loci Knowlton ................................................. . 
Vitls? platanifolia Knowlton ....................... · ....... : ......... . 
Vitis !nominata Knowlton, ......................................... . 
qssus grossodcntata Knowlton ....................................... . 
Ctssus lacvlgnta ~csquoroux.......................... X . . . . X X 
Aralia colomdonsts h. nowlton ........................................ . 
Amlia? scrrnta Knowlton ........................................... . 
Comus ncome.xicana Knowlton ..................................... . 
-cornusstudori? Beer ..••.. , .......................... X X X X 
Nyssa lancoolata Lesquercu..x.. .• . . . . . . . .. . . . . .. .. . .. . X . . .. .. .. X 
Nyssa? raccmosa Knowlton.......................... X .. .. . . . . X 
Andromeda'/ hmcoolata Knowlton ................................... . 
Andromeda scripta Knowlton ....................................... . 
-chlonanthus mombranaccus Knowlton ....................... I ....... . 
Apocynophyllmn lc~<tuor<,m~ii Ettingshausen ..... : .. : ....... .1 ....... . 
A pocynophyllum 'Yll.co~ensis Berry.................. X X ....... . 
_A pocynophyllum lnufohum Knowlton ....................... ·.· ..... . 
Vtburnum contortum Losqnercu..x . .-................................. . 
Viburnum spcclosum Knowlton ..................................... . 
Viburnum magnum Knowlton ...................................... . 
Viburnum woottonimmm Knowlton ................................ . 
Vibumum lakesii Lcsquercux........................ X ......• ·j X 
Palnocnstcr inquirendil Knowlton b................... X . . . . . . • . ? 
Cnrpltcs coffonoformis Losquoreux .............. · ..................... . 
·Carpolithos spinosus Now berry ...... : ................ 1 ............... . 
Phyllites retusoidcs Knowlton .......... · ............. 1 ............ 1 ...• 

. . . J59i29117i~ 
a Common to Raton formation and to Laramie of the Denver· Basin-

.2 species. . . · 
b C?mmon to both Vermejo and Raton formations-4 species. 

POISON CANYON 11'0RMATION. 

The .Poison Canyon formation is only in­
~identally involved in the subjects discussed 
in this paper. I-Iowever, because of its rela­
tion to the underlying· Raton formation, and 
because it contains certain f9ssil plants that 
are also included in the Raton flora, some men­
tion· of it seems necessary. It has been cor­
related with the Denver formatio'n, principally 
bccn,use of lithologiq resemblances and suppoaed 
:stratigraphic position. W11ile working in the 
'l'rinidad field, the members of Richardson's 
party found several fossil plants in these rocks 

· that proved to be specifically identical with 
·those in the Denver formation. However, it 

was f9un<;llater that these species occur also in 
the.Raton formation and that the fossil floras 
show little difference in age between the 
Raton and the Poison Canyon formations. 
Furthermore, as the Poison Canyon beds have 
not been examined with sufficient care to 
determine their variations in character and 
appearance, it is not always possible to ascer­
tain whether the rocks at a given locality be­
long to the Raton or to the Poison Canyon 
formation. . However; the two formations 
have generally been regarded as unconformable 
with each other, although· difficulty has been 
found in tracing the contact. It seems pos­
sible. that the Poison Canyon and Raton for­
mations may differ but little in age ancl that 
their physical differences may be clue to local 
variations in the conditions of sedimentation, 
as Richardson234 has suggested for the Arapahoe, 
Denver, and 'Dawson formations of the Denver 
region. Although a general discussion of the 
relation. of the Poison Canyon to the Raton 
for;mation is beyond the scope o{ the present 

·paper, the foregoing statement will explain 
why some of the fossil plants collected from 
the Poison Canyon for:tpation are appro­
priately included in the Raton flora. Several 
collections preserved in the National Museum 
are labeled as cqming from the Poison Canyon 
near the line of ·cop.tact with the Raton for­
mation. The species represented in these 
collections are identical with those from the 
Raton formation; .but .some of them are better 

-preserved and have been used for illustration 
in the accqmpanying paper by Knowlton. 
The locality at which. each lot of fossils .was 
obtained is indicated by the lot number on the 
map (Pl. I, in pocket), and all the information 
at hand concerning each lot is given on pages 
66-161. . 

GEOLOGIC HISTORY. 

PRE-PALEOZOIC TIME. 

A brief· account of the principal geologic 
events that have been recorded in the Rato~ 
Mesa region rna y be of service in clarifying 
some of the relations described. The oldest 
rocks of the region are the crystallines of pre­
Cambrian age that constitute the core . of the 
Culebra Range. Some of the finer-grained 
crystalline rocks may represent ancient· sedi­
ments, but the coarse-grained granites prob­
ably resulted from the slow cooling of n. liquid 
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magma below-the surface o·f.the earth. and were 
exposed at the surface·· only when they were 
elevated and the overlying rocks removed ·by 
erosion. 

. PALEOZOIC EVENTS. 

The detritus from the highlands that probably 
occupie·d about the same place as the present 
Rocky Mountains·was qarried to the lowlands. 
by streams and deposited there in part as allu- . 

· vial wash. Some of it was carried beyond these 
lowlands to .shallow shifting bodies of wate:r, 

During a great pa,rt. of the Paleozoic era, . some of which may have ~een. $aline lakes and· 
when large areas of North Ainerica we.re co:- others were arms of the sea. These waters 
ered with epicontinental seas which shifted In evaporate-d, leaving in some places layers of salt 
position from time to time and in which_ were and gypsum interbedded in places with shale 
deposited the sediments of the several forma- and in other places with limestone, . both of 
tions of early Pale.ozoic age, the Raton :Mesa which contain shells of marine or brackish­
regio:q. either remained above sea level or w~s · water mollusks. The red bed ··accumulation 
cleared by later erosion of such early Paleozoic continued through Permian and into Triassic 
sediments as may have accumulated there. time. The salt and gypsum beds of Pennsyl- . 
The latter alternative is .the more probable, for vanian, possibly also of Permian age occurs~uth 

.. small remnants of sedimentary rocks formed of the Raton: Mesa region but not north of ~t. 
in Cambrian and Ordovician -seas are found 
alonP" the mountain front north of this region 
a_nd larger ·remnants south of it. Also, i~ cen­
tral New Mexico there are remnants of sedimen­
tary form~tio.ns of Devonian and early Carb?n.:. 
ifer6us (Mississippian) age, the latter exten~Ing 
northward into Colorado. In early Pennsyl­
vanian time considerable portions of the south­
ern Rocky Mountain region were above sea level 
and nonmarine deposits accumulated in inany 
p~aces. These contain thin . beds of . coal, 
with which are found plants representing an 
early Pennsylvanian_ (Pottsville) flora .. Ce~tral 
Colorado and areas farther north remained 
above sea level, but southern Colorado and 
New Mexico sank beneath the sea and accu­
mulated a thick limestone formation. In the 
mountains west of-the Raton Mesa region the 
limestone layers seem to interfingerwith coarser 
material· indicative of near-shore conditions. 
Later in Pennsylvanittn time thi8limestone was 
broucrht above sea level and eroded to some 

. exte~t, so that in some places pebbles of it a~e 
found in the conglomerates of the younger sedi­
mentary rocks. These rocks, which also have 
been classed as Pennsylvanian, are in part the 
red beds of the southern part of the Rocky 
Mountain reg1on. 1 Some of these were depos­
ited in the .sea and contain marine she~s. 
Others consist of coarse sand and conglomerate 
and may represent upland accumulation: On. 
the whole they represent a long, complicated 
-history that has not yet been fully worked out. 

1 Since this account .was written evidence has been obtain~d that the 
red beds here assigned. to the Pennsylvanian are probably Permian, 
hence the unconformity and conglomerate here referred· to as mid­
Pennsylvanian proba~ly mar~ the base of the Permian of this region. 

MESOZOIC EVENTS. 

TRIASSIC AND JURASSIC TIME •. 

Little is ·known of the plane of separation 
between Paleozoic· and Mesozoic in this part of 
the contine.nt, but it is certain that some of 
the fine-grained sedimentary rocks· of the 
upper part of the red beds accumulated dur­
ing the Triassic periods of waters that were 
fresh enough in some places to be inhabited. by 
unios a,nd belodonts. Triassic sedimentation 
was interrupted by a movement that domed 
the. strata in some places in northeas_tern New 
Mexico, 158 and probably_alsb lifted the mountain 
recrion to some extent. Renewed ~rosion planed b 

. off the tops of the domes. Be~l~ of sand covered 
the truncated edges of· the older strata and 
hardened into the Exeter sandstone, which 
may be of JJirassic age, though no fossil~ have 
been found in it: It is well exposed In the 
walls of the canyons east and south of the 
Raton .Mesa region. There are some reasons 
for believing that the Wingate sandstone of 
northwestern New Mexico and the. La Plata 
sandstone of southwestern Colorado were formed 
about the same time and under similar condi-
tions. 

CRETACEOUS TIME. 

In early. Cretaceous time, or possibl_y in late 
Jurassic althoucrh the writer deems this in1-

. ' b 

probable, the streams of this region~ ~s ':ell 
as those of the whole Rocky Mountain regwn 
from New Mexico to Montana and from Utah · 
to Kansas, spread out sediments that were· 
variable in color and ranged in composition 
from lim,y mud to fine-grained sand and in 
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some places even to conglo'merate. These i b3 of Upper Cretaceous age. A time interyal 
beds consolidated into the Morrison formation, 1nay be represented by the contact of tJ1e Pur­
which underlies the Raton Mesa .region and gatoire and the· Dakota, but there is little eYi­
crops o·ut on all sides of it. In s01ne places it clei1ceof an interYal of intersystemicimportance. 
contains. fresh-water ·shells and the rmnains of in the Rocky Mountains. At the beginning of 
land 1nammals, and in other places the ·bones the Upper Cretaceous epoch the Rocky Moun­
of gigantic dinosaurs that lived in the swamps tain region had been planed clown nearly to.sea 
and streams and -on the shores of the shallow level. 249 This region was included in the subsicl­
temporary lakes. The mountains that fur- ing area, and the sands of the Dakota were 
nished the coarse sediments in late Pennsylva- widely distributed over it. Continued subsid-· 
nian or Permian time had been worn down, and· ence, accompanied; perhaps, by continued rise 
the sediments of the l\1orrisori fonnation were of sea level, resulted in the formation of the 
deposited over 1nost of the area formerly occu- broad interior basin of Upper Cretaceous· time. 
pied by them. · In· this basin were. deposited the sands, muds, 

The stream deposition of Morrison time was and limy ooze, which hardened into the marme 
probably accompanied by the slow subsidence formations of Upper Cretaceous age, and on 
of a large area that included tpe Rocky Moun- its shores were accumulated the beds of peat 
tain region. This movement culminated later which later formed the Upper Cretaceous 
·in the occupation of the interior by the sea. coals. The rate of sedimentation in this . 
Late in the Lower Cretaceous Morrison sedi- basin was comparable with the rate of sub­
ments of varied constitution and color were sidence, and probably at no time was the sea 
covered with sediments that have uniform very deep. In many places it was so shallow 
constitution and color over a wide range. ·that sediments were distributed somewhat 
The first of this new material was light-colored, uniformly over large areas of its floor, proba­
relatively pure quartz sand and fine conglom- bly by the action of waves' and currents. 
erate, followed by dark shale in places. These ·Many times during the Upper Cretaceous 
deposits hardened into the Pu:rga.toire forma- epoch portions of 'the basin extending well 
tion. They denote a great change in the toward its center were· filled with sediments 
physical conditions of the region, but possi- . to -~he limit of marine deposition, and· on these 
bly no great lapse of ti_me, fo~ in few places has low-lying lands grew the luxtiriant vegetation 
any indication of a lapse in time been found which accumulated in broad swamps as muck 
between the Purgatoire and the underlying and peat. 2tt9 

. 

Morrison. The change· denotes the adYance The coal beds and other features indicating 
of the sea over an area which had formerly nearness to land in the southe1~n Rocky Moun- . 
been occupied by marshy lowlands lying but tain region in early Upper Cretaceous time are 
little above sea level and ·therefore a change found mainly in central New Mexico and in 
from stream deposition to marine deposition. western Colorado. In the Raton 'Mesa region 
The subsidence, possibly accompanied ·also by. open-sea c<;mditions prevailed until aft.er the 
a rise of the sea level, had progressed· at middle of the Montana epoch. . By this time 
the close of this 'epoch. far enough to allow the filling of .the basin 'vi'th sediments derived 
the sep. water from the Gulf of Mexico to in- mainly from the west and southwest had pro­
vade the interior as far at least as the present ceeded to such an extent that shore conditions 
Jn·ountain front and probably much farther. were established in the Raton Mesa region~ 
The truncated edge of the Purgatoire forma- _The sediments delivered by the streams were 
tion, there upturned, indicates that it once washed.by the wayes and currents of the sea, • 
extended conside;rably farther, 249 possibly to and the sands were deposited near the shore. 
the west side of the mountains, where si1nilar These hardened into the Trinidad sandstone. 
sediments may prove to be of Lower Cretaceous When the sands of the Trinidad had filled 
age, although no direct evidence of this corre- the sea in this region to the limit of marine 
lation has yet been foup.d. deposition, coastal swamps deYeloped, in 

The Purgatoire form~tion was covered ip. which ·accumulated. the vegetable matter of 
turn by the Dakota sancl~tone, ~lie oldest of the Vermejo co.al beds. The later Cretaceous 
the for1nations now generally acknowledged to eYents of this region are not known, for the 
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evidence of them has been de.stroyed by ero- differential uplift must have amounted to sev­
sion; but fa~ther north, near Canon City, eral thousand feet, for the Cretaceous .beds 
Vermejo fresh..:water· sedimentation,' inter- . that had covered the mountains were eroded 
rupted at times ·by temporary incursions of from them in some places and the pre.:.Creta­
the sea, continued until a thickness of 1,000 ~eous rocks were exposed. All rocks younger 
feet or more of strata had accumulated, and than the Vermejo which may have been formed 
farther north, in· the- Denver Basin, the sedi- in the Raton Mesa region, were removed, and 
ments of ·a formation generally regarded· as the Vermejo itself was reduced to a maximum 
still younger, the Laramie, were deposited. If thickness of about 400 feet in the western part 

. rocks of Laramie age were ever formed in the of the region and ·removed entirely from the 
Raton Mesa regi~:m, they were I~emoved by later · eastern part. 
erosion. 

POST-CRETACEOUS UPLIFT AND EROSION. 

Cretaceous sedimentation was termi11ated in 

CENOZOIC EVENTS. 

TERTIARY SEDIMENTATION AND EROSION. 

the Rocky Mountain regi<;n1 by a general with~ The post-Cretaceous uplift and erosion were 
drawal of the sea waters from the continent. followed in the Raton Mesa region by the accu­
This was probably due in part, but not wholly, mulatioil in early Tertiary time of the stream 
to a general lowering of sea level, possibly be--· and swamp deposits that constitute the Raton · 
cause of some readjustment in the interior of formation. This deposition ~ay have been 
the earth th~t increased the. capacity of the caused in. part by a subsidence of this region, 
ocean basins. The . withdrawal .of the water but if so it was not sufficient to. allow marine 
was accompanied by a differential movement waters to return, for no. marine beds have ever 
of the rocks which left the molintain region been found in the Tertiary formations of the 
above. sea level. The resultmg erosion gave Raton Mesa region. At first the streams cle­
rise to the .post-Laramie unconformity of the posited sand and gravel derived from the 
Denver region, the post-Vermejo unconformity highlands, to the west; but later they deposited 
of southern Colorado and New Mexico, and the :filier sediments, mainly mud, over their broad 
post-Cretaceous unconformity of the Gulf flood plai1is, on which ·grew numerous sen;titrop­
coast. These are probably local manifesta- ical plants that supplied the vegetable matter 
tions of a general post-Cretaceous erol?ion which for the coal beds of the Raton forn;1ation. 
affected the w:hole southern ·Rocky _Molintain Tertiary ~ocks younger than Raton, were 
region and may in time be found to have af- formed ill this. region and were later eroded 
fected other re.gions. ·The diastropic move- away. Remnants of them remain in the 
·ment that resuscitated the mountains whose northern part, where they form the Poison 
roots had been buried. beneath the Cretaceous Canyon~ Cuchera, and Huerfano formations. 
strata changed the Rocky Mountain regim1. These were later cut by intrusive igneous rocks 
from an ·area of general downwarping to an· of the Spanish Peaks irruption. At about the 
area of general upwarping and resulted in m~ny same time broad low flexures were fori:ned east 
local orogenic movements and in the extru~ion of the :mountains. Sometime within the Ter-· · 
of andesitic and other lavas. Tliese seem to tiary, probably near the middle of the period, 
be parts of the world-wide changes in the dis- sedimentation was brought to a close in the 
tribution of land and sea which have been :r:e- Raton Mesa region, and the latter part of the 
garded as appropriately closing the Mesozoic period was occupied in producing a pe~1eplain 

. and opening the Cenozoic era~ which beveled all the Ter.tiary beds previously 
. Although the . post-Cretace'ous uplift in the formed and all of the Cretaceous down to the 

Rocky Mountain region had great significance Dakota sandstone. On this plain thin beds of 
in that it marked the close of a long period of gravel were deposited~ supposedly in late Ter­
quiescent cmiditions and inaugurated a period tiary time, and· over them were poured great 
characterized by great mountain-making move:- floods of molten basalt, remnants of which still 
ments and intense volcanic activity; it was remain as the hard cap rock of the mesas which 
probably less in actual magnitude than some extend from the Raton Mesa region eastward 
of the uplifts which followed.' However, the to the. border of Oklahoma and Texas.· 
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QUA_TERNARY EVENTS. 

Some ye-ars ago, \Vhen it was supposed that 
the flows of basaltic lava in the Raton Mesa 
region resulted from a single period of eruption, 
it was supposed., that the eruption occurred in 
n1id-Tertiary time. Si11ce then much evidence 
hns been brought forward to prove that the 
Qunternary period was n1uch longer than \vas 
formerly supposed.. The length of Quaternary 
time as measured by the general degradation 
of the plains surrounding the mesas is compar­
ttble to that which in northern Montana has 
left mesas covered with ·Pleistocene till-stand­
ing 1,000 feet or more above the surrounding 
country. A length of Quaternary time as great 
or even greater is indicated in western Colorado 
by Pleistocene deposits on the divides between 

47019°-17--5 

canyons tributary to the Grand Cany,on of the 
Colorado. 

It is possible that the Quaternary was intro­
duced in the Rocky Mountain region by a 
notable oroger:ic disturbance, and that or.e of 
the results· of this -disturbance was the out­
pouring in many .. places of basaltic lavas. 
Thus the outpouring of the mesa lavas may ' 
mark the opening of the Quaternary period. 
This possibility_ finds support in the fact that. 
after the ·first great flow in. the Raton Mesa 
region the same kind of basaltic lava was ex­
truded in this region again and again down to 
a time so.recent that the youngest cinder cones 
and flows show little alteration. These periods 
of eruption alternatii1g with periods of degra­
dation have resulted in the steplike character 
of the lava-covered n1esas. 



CHAPTER 3.~LOCAL FEATURES IN DETAIL. . . 
METHOD OF PRESENTATION. · dump from the gold mine which is described 

In aiTanging the details given in this paper below. The shells came from the top of the 
it was f.ound that place names were wanting in . shale, as represented here, but in many other 
so many ar(;}as that it seemed best to. designate places throughout the Raton coal field this 

·the localities described by numbers.· . (See map, species was found only below the zone of con­
Pl. I, in pocket.) These localities are described cretions several hundred feet below the top of 
in order from the southwestern extremity· of the Pierre shale. This species is known to have 
·the region east and north around its eastern mar-. a great vertical range,· and therefore is not a 
gin; then in Vermejo Canyon across the Raton good .. horizon marker. However, at several 
field and thence along the western margin. places in the Raton field where the full thick­
Most of the observations were made near the ness of'the shale is represented and where fossil . 
outcrops of the coal·beds. shells were collected,· this species was not found 

Because little information has been pub- in the. upper 400 feet. or more, and its.presence 
lished heretofore regarding the geology of the immediately below the conglomerate at Baldy 
Raton field many d~tails have been included adds force to the conclusion that the erosion 
which in a better-known region might seem to represented by the unconformity' separating 
be out of place in the consideration of a special them carried ~way 'not only all rocks younger 
phase of the geology. In the Trinidad field the 'than the Pierre that may have existed there, 
general geology has long been known from the but also several hundred feet of the Pierre 
folio publications of R. C. Hills,143• 148• 1:;1 and itself. 
many 'of the details of the coal deposits have Neither the Trinidad sandstone nor the Ver­
been described more recently by G. B. Rich- mejo formation occurs near Baldy, and the 
~rdson/25 hence in the present paper the de- conglomeratic sandstone at the base of the 
scriptions of localities in this field are confined Raton formation lies with irregular base on the 
more exclusively to the structural relations of Pierre shale. Here, as elsewhere, this sand­
the formations and to· their. geologic age.. stone is coarse grained and contains irregular 

masses of conglomerate consisting principally 
BALDY. of siliceous pebbles.· The conglomeratic parts 

LOCALITY 1. · are coarsest near the base but vary greatly in 
Baldy is a gold-mining camp located at the character ,from place to place. ·The porous 

southwestern extremity of the Raton coal field conglomerate seems to have transmitted per­
high on the side of Baldy Peak, an eminence colating waters in ages past and, lying as it does 
caused by extensive intrusions of igneous rock directly upon the relatively impervious shale, 
which have upturned and lifted some of the its base naturally served as a passageway. 
sedimentary rocks. Remnants of these rocks Apparently the ~aters carried gold in solution 
still remain on the top of the mountain at alti- and deposited it in interstices of the conglom­
tudes of about 12,!500 feet. The rocks exposed erate and crevices· of the shale. At the time 
here are Pierre shale and the basal conglom- of investigation this gold was being milled at 
erate of the Raton form~tion. Baldy. The mine entries are driven on the 

The Pierre shale is very thick near this local- unconform~ty and the gold is found in the up-
. ity, but· the zone of fossiliferous limestone con- per. few feet of shale and i-n vein material 

cretions that occur in Ute Park, a few miles to near the base of the conglomerate. In some 
the southeast and that is found generally of the mine openings small masses and irregular 
throughout the ·southern part of the Raton seams of coal, probably due to the carboniza­
coal field near· the top of the Pierre, was not tion of wood or other vegetable matter buried 
found at Baldy. Sev~ral shells of the species in the gravel, occur in the conglomerate.. This 
Inoceramus vanuxemi (1J. S. Geol. Survey fossil coal also has been found· to cpntain gol~ in ap­
locality 6581) were found in the rocks of the preciable quantities. 

66 
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The contact of the· conglomerate with the 
Pierre shale was followed for about 5 miles 
north of Baldy. Throughout this distance the 
conglomerate lies with obvious unconformity 
on the shale and is variable in character. It is 
1nainly coarse grained, massive, and arkosic. 
The pebbles consist principally of quartzite, 
although a number of coarse-grained granitic 
rocks were seen. They vary in size from small 
grains to masses 6 to 7 inches in diameter. · 

BALDY TO UTE PARK. 

Between Baldy and Ute Park, a distance of 
about 6 1niles, the conglomerate was seen in 
sever.al places resting on the Pierre ·shale. This 
relation is well shown northwest of Ute station 
in ·the canyon through which the :wagon road 
passes from Ute Park to Ponil Creek, where.the 
following fossil plants· belonging to the Raton 
flora were found several hundred feet above 
the base of the Raton formation. (U. S. Geol. 
Survey fossil locality 5830): 

Fossil1Jlants collected northwest of Ute Park, N. Mex. 

[U. S .. acol. Survey fossil locality 5830.1 

Cinnamomum m.ississippiense? Lesquereux. · 
Dombeyopsis magnifolia Knowlton. 
Magnolia angustifolia Newberry. 
Palmocarpum.palmarum (Lesquere'u'x) Kn<;>wlton. 
Sabal? ungeri (Lesquereux) Knowlton. 

UTE PARK. 

Ut'=' .Park is an opening among the hills at 
the southwestern extremity of the Raton field, 
occupied in the center by soft Pierre shale and 
surrounded by hills of harder rock. West and 
south of the park these hills consist principally 
of igneous rock, but north and east of it they 
consist chiefly of the hard, conglomeratic sand­
stone of the Raton formation. 

LOCALI~.l'Y 2. 

In the north wall of Ute Park, at locality 2, 
the Pierre shale is exposed at the foot· of the 
slope. The basal conglomerate of the Raton 
formation lies above it, but the contact of the 
two was not seen. However, in view of the 
relations known to exist on either side of this 
locality, the conglomerate is plotted (section 2, 
Pl. V) as resting unconformably on the shale. 
No rocks refe1:able to the Trinidad sandstoi1e 
or to the Vern1ej<;> for1nation occur at this lo­
cality. 

The conglomeratic part of the Raton is more 
than 400 feet. thick and underlies the finer-

I 

grained sandstone and shale' that contain the 
fossil plants. The rocks in this 400 feet are 
coarse grained throughout but are not uni-

. forml.y conglomeratic.- A massive conglomer­
ate occurs at t4e base and finer-grained rocks 
about .112 -feet thick above it, succeeded by 
two conspicuous conglomerates separated by 
15l'feet of sandstone. Some of the layers and 
lenticular 'masses of pebbles in the basal con­
glomerate are 10 to 15 feet thick, and the peb-: 
bles, which consist mainly of quartz and quartz­
ite, have a maximum diameter· of 4! inches or 
more. The section follows: · 

Section of Raton formation measured at locality 2, Ute Park, 
N.Mex. 

[For graphic section s~e.Pls. V (p. 56) and X (p. 108).] 

Sandstone and shale,' coal bearing, fossiliferous 
(several hundred feet). · 

Feet. 

Sandstone, yellow, massive, coarse grained, cliff­
making, conglomeratic in places; pebbles 1 inch 
in maximum diameter ............. _., ..... ~... 50 

Sandstone, coarse grained, yellow; contains fossil 
plants.~ .............. · ....................... 15i 

.Sandstone, white, coarse· grained, massive, cliff­
making; conglomeratic in places............... 55 

Covered........................................ 30 
Sandstone, gray t~ yellow, fine grained, massive; 

somewhat friable .. :........................... 43 
Covered .................... : . . . . . .. . . . . . . .. . . .. 22 
Sandstone, gray, massive........................ 17 
Sandstone, conglomeratic, with pebbles mostly of 

q1,1artz, having a maximum diameter of 4t inches. · 45+ 

413+ 
LOCALITY 3. 

In the north wall of Ute Park about half a o 

·mile southeast of locality 2 the rocks are not 
well exposed, but the conglomerate was found 
in several places, resting, not on the Pierre shale 
as it does farther west, but on a gray sandstone. 
At locality 3 the rocks near this sandstone are 
well exposed and. the short section given below 
was measured: 

Section of rocks measur~d at locality 3, Ute Park, N. Mex. 

[For graphic section see Pl. V, p. 56.) 

Raton formation: Feet. 

Co.nglomerate, resting with uneven base on. 
sandstone:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25+ 

Unconformity. 
Trinidad sandston.e:, 
· Sandstone, containing Ha~ymenites major Les-

quereux................................. 50 
Pierre shale: · 

Sandstone, sha1y, transitional zone ...... ,~.. 17 
Shale, fossiliferous ....... · ...... :.: .......... 150+ 

~42+ 
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The basal conglomerate of the Raton forma­
tion here rests unconformably upon the white 
Trinidad sandstone. Below the sandy transi­
tional zone of the Pierre 150 feet of typical 
Pierre shale carrying concretions of limestone 
·containing fossil invertebrates is exposed at the 
:foot of the slope. No atte~pt was made· to­
secure a complete collection, but the following 
species were taken from a single ·concretion 
.about 150 feet below the top of the shale: 

Pierre fossils found at locab'ty 3, Ute Park, N. Mex. 

[U. S. Geol. Survey fossil locality 6560.) 

Anomiasp. 
Avicula sp. 
Inoceramus sagensis ·owen. 
A.large ammonite. 

Between the shale and the c;>verlying massive 
sandstone is a series of thinsandstonesseparaterl 
by shale which throughout the Raton Mesa region 
-constitutes the transitional zone between the 
typical Pierre shale and the Trinidad sandstone. 
'The light-colored sandstone above this zone at 
locality 3 contains great numbers of the fossil 
.fucoids, Halymenites major Lesquereux, which 
.are usually a~undant in the Trinidad sand­
-stone. No rocks were fouJ?.d at this locality 
that can be referred to the Vermejo formation. 
'These were doubtless eroded _away during the 
·post-Cretaceous erosion, for the basal conglom­
·erate of the Raton formation was traced ~ast­
·ward and found to overlie the Vermejo. ··This 
conglomerate is the same as that described at 
locality 2' and is equally -thick and massive. 
·Only its base is included in the section. 

LOCALITY 4. 

In the north. wall of Ute Park, about one­
-eighth mile southeast of locality 3, the rocks 
both above and below the unconformity arc 
well exposed and the structural relations are 
-plainly discernible. The Pierre shale is exposed 
.at the foot. of the slope, but the top of this shale 
.and the base of the Trinidad sandstone are not 
·exposed. However, the upper 60 feet of the 
'Trinidad was examined and wasfound to con-· 
tain the characteristic fusoid, Ilalymenites 
-major Lesquereux. Carbonaceous shale · 10 
feet thick,· which obviously belongs to t_he V er­
.n1ejo formation, occurs above this sandstone, 
:and on it the basal conglomerate of the Raton 
formation rests unconforlll,ably. The massive 
:sandstone cliffs described at locality 2 occur 
~hove ~he bnsal conglomerate, but only enough 

of the lower. part of the Raton is included in the 
following section to show its relations .to the 
underlying formation. · 

Section of rocks measured at locality 4, Ute Park, N. J.fex. 

[ i''o~ graphic section see Pl. Y, p. 56.] 

Raton formation: Feet. 

Sandstone, conglomeratic, with irregular layers 
and lens~s of pebbles ·consisting mainly of 
quartz and quartzite....................... 4:9+ 

Unconformity. 
Vermejo formation: 

Shale, drab, carbonaceous .......... :......... 10 
Trinidad sandstone: 

Sandstqne, massive, yellowitih white; contains 
Halymenites major Lesquereux. . . . . . . . . . . . . 1;0+ 

Pierre shale: . · 
Tran,sitional zone. 
Shale. 115+. 

LOCALITY 5. 

in the north wall of the park, a mile north­
east of Ute station, the upper part of the Trini­
dad sandstone, 45 feet thick, is exposed be­
neath beds of sandstone and shale 44 feet 
thick that obviously belong to the Vermejo 
formation. No coal was found at this local­
ity, but the records of ·certain prospects :J;D.ade 
several years ago show that a 6-inch bed of 
cc;>al occurs 16 feet above the top of the ·Trini­
dad sandstone, and a 12-inch bed of shaly coal 
2S feet above ~he Trinidad.· The conglomer­
ate at the base of the Raton rests on the V er­
mejo unconformably. The following ·section 
was measured: 

Sect·ion ojrocks .measured at locality 5, Ute Park,· N. lJfex. 

[For graphic section see Pl. V, p. 56.) 

Raton fohnation: Feet. 
Conglomerate .... · ......... ~ . . . . . . . . . . . . . . . . . 25+ 

Unconformity. 
Vermejo formation: 

Shale; drab to yellow, carbonaceous in some 
places.·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

Sandstone,· ye~low, thin bedded, shaly........ 2 
Shale, yellow at base, black at top, sanely. . . . . 4 
Sandstone, yellowish white, massive......... 9 
Shale, carbonaceous at top................... 3 

Trinidad sandstone: 44 
Sandstone, massive, containing 1 J'alymen1:tes 

major Le~quereux near the top.............. 45± 

114± 

The · conglomerate, which is here 44 feet 
above the top of the Trinidacl sandstone, is 
only 10 feet ~tbove that sandstone a quarter 
of a mile to the northwest. · A little farther 
northwest it rests on this sandstone and about 
n. 1nile away it rests on the Pierre shale. In 
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CLIFFS IN THE NORTH WALL OF CIMARRON CANYON, N. MEX. 

Showing the sandstones of the lower part of the Raton formation. 
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other words, within n, distance of about a mile 
the bn.se of the Raton formn,timr transgresses 
the eroded edges of the Veimejo formation, 
the 'l'rinidt1d sfl.ndstone, and the upper part 
of the Pierre shale. East of this locality the 
northenstwnrcl clip cn.rries all the rocks except 
those of tho Raton formation beneath the bed 
of Cimn.ITo"n River, where they are covered by 
younge1~ rocks :for n,bout 1! ·1niles. They reap-· 
pear farther downstream. 

CIMARRON RIVER. 

East of Ute Park Gunarron River has eroded 
a deep canyon through the con.l measures and, 
except for a short spn.ce between locn.lities 5 
and 6, has cut clownwrtrd into the Pierre shale. 
The canyon wn.lls, which rise precipitously to 
n. maximmn height of·"tl.bout 1,000 feet, con­
sist principn.lly of well-indm·ated cliff-formi1ig 

·sandstone. (See·PL VL) South of the Cimar­
ron the rocks are poorly exposed, but in the 
north W11.ll of the canyon they nrc well exposed 
and nen,rly n,ll of the observations described 
were mn,de there. · 

CIMAUUON CANYON. 

LOCALITY 6. 

At the point in Cimn,rron Canyon east of 
Ute Park where tho. top of the Trinidad sand­
stone re11.ppears fron1 beneath the river ft 

sh11.le n,nd sandstone formation 110 feet thick­
the V ennej o-occurs between the top of the 
'l'riniclacl snnclstone and the base of the Raton 
fonnation. About hn.lf n mile fn.rther down­
stremn .fl. section was measured· in the north 
w:tli of the canyon. The Triniclnd sandstone 
11.t th.is locn.lity. is about 100 feet thick, forms ~ 
conspicuous· cliff, and. contains the character­
istic fossil Ilalymenites major· Lesquei·eux. Its 
upper part ia stained dark brown or black, and a 
line denoting its upper_ limit in the section be­
low was dritwn nt the horizon where the mas­
sive s11.nclstone gives place to ct:trbonaceous· 
sh11.le. The rocks above the Trinidad consist 
of shnle n.ncl light-colored gn1.nular sandstone 
th11.t obviously belong to the Vermejo forma­
tion but that show no indication of coal. On 
these rocks the basal conglomernte of the Raton 
formation rests with uneven base. Only the 
~owm• pn.rt of the Raton wns measured here. 
The section follows: 

Section of rocks measured at locahty 6, Cimarron Canyon, 
N. Jlfex. 

[For graphic section see 1'1. V, p. 56.] 

Raton formation: 
Conglomerate, resting with uneven base on 

~'eat. 

shale,........................ . . . . . . . . • . . . . 10::1:::-
Unconformity. . __ _ 

· Verinejo formation: 
Sandstone and shale, not continuously exposed.. 60· 
Shale, with layers of shaly sandstone ......... : 3{)1 

Sandstone, with partings of shale............ 25; 
Shale, carbonaceous (horizon of lowest coal).. 8 

Trinidad sandstone: 123 
S~ndstone, containing l:falymenites_major i..es-

quereux .................... ~ .............. 1.00::!::-

233± 
LOCALITY 7. 

.· About a mile farther downst1·eam a section 
was measured at locality 7, in the north wall 
of the canyon, · here nearly. 1,000 . feet high. 
The sectio.n includes the top of the Pierre shale, 
the r_frinidad sandstone, the Vermejo forma­
tion, and the _lower part of the Raton forma­
tion. The canyon wall is very precipitous ancl 
the greater p·art of it is formed by the· cliffs of 
1nassive sandstone that_ constitute the· lower 
part of the Raton. (See Pl. VI.) ·The lower 

. part of the wall docs not differ in character 
from that shown in figm·e 1 (p. 72); which 
illustrates the general character of the rocks 
farther do-\vnstrearri. The section follo\vs :· 

Section of 1·ocks measured at locality 7, Cimarron Canyon~ 
.N.Mex. 

. [.For graphic section see Pis. V (p. 56) nnd X (p. 108).) 

Raton formation: Feet_ 
Sandstone, coarse grained, n1ass.ive cliff-making. . 18() 
Sandstone, locally conglomeratic .. :.............. !)() 

Sandstone, with partirigs of shale. . . . . . . . . . . . . . . 103 
Sandstone, locally".conglomeratic................. 196· 

. Shale, sandy, carbonaceolis, with thin seams of 
coal..: ............................ :......... 26 

Sandstone, cliff-making, conglomeratic, with sili­
ceouspebbles1 inch in maximum diameter.... 34 

Unconformity. 
Vermejo formation: 

62~ 

Shale, gray, sandy ........ ·..................... 12 
Sandstone, brown; massive, coarse grained, friable 22 
Covered ........... : . ......... ." .................. · 10 
Sandstone, gray, massive, coarse grained,_ soft and 

.friable ........... : . . . . . . . . . . . . . . . . . . . . . . . . . . 3S 
Shale, drab to black, carbonaceous, not continu-

ous} y exposed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Sandstone, gray, massive, and fr:able...... . . . . . . 37 
Sandstone, thin bedded.. . . . . . . . . . . . . . . . . . . . . . . 13 
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Vermejo formation-:-Continued. · Feet. 
Shale, brown, carbonaceous. . . . . . . . . . . . . . . . . . . . 5 
Sandstone, with partings of shale. . . . . . . . . . . . . . . 5 

164 
Trinidad sandstone: 

Sandstone, greenish .drab near the top, w'eather­
ing'to d·ark brown; contains Halynumites major' 
Lesqvereux......... . . . . . . . . . . . . . . . . . . . . . . . . . 112 

Pierre shale: · 
Transitional zone. 
Shale, fossiliferous. 

905 

. The bed of the river is about 20 feet below the 
top of the Pierre shale at this locality a_nd a 
good exposure of it. was found in the north 
bank~·· It contains globula~ concretions of 
brittle limestone a few inches to 2 feet or more. 
in diameter, and from these the following 
invertebrates wen~ collected: 

Pier:re shells collected at locality 7, Cimarron Canyon, 
N.Mex. 

(U. s. Geol. Suryey fossil localities .6554' and 5603.) 

Anomia sp. 
Baculites ovatus Say. 
Heteroceras sp. 
Inoce~amus barabini Morton. 
Inoceramus. sagensis Owen. 
Leda sp. 
Lunatia sp.' 
Placenticeras intercalare ~eek and Hayden. 
Syncyclonema sp. 

The Trinidad .sandstone forms a conspicuous 
cliff and is a little thicker at this locality than 
1s common. The .upper part of it is dark and 
very hard, contrasting sharply- with the over­
lying rocks, which ·are relatively _soft. The 
Vermejo formation is about 164 feet thick, as 
compared with 123 feet a .mile to the northwest 
and 10 feet or less 3 miles to the northwest. It 
consists of light-colored, soft, granular sand­
stone and shale, which is.carbonaceoU:s in some 
places but is not known to contain coal. This 
apparent absence may, however, be due to poor 
exposures, for a little more than a mil~ to the 
southeast the formation contains.3 beds of coal. 

The basal.conglo_merate of 'the Raton forma­
tion rests with uneven base on the Vermejo. It 
consists of a massive, coarse-grained, quartzose 
sandstone, in which are included irregular 
masses of pebbles up to an inch or more in 
diameter composed mainly of siliceous rock. 
It has the aspect and general character of the 
conglomerate in Ute Park but is not so thick. 
The higher conglomerates correspond in a 

·general way to· the secon:d and third conglom­
erates of the section measured in the park at 
locality 2. (See p. 67 ~) 

About 50 feet above the base of the Raton 
formation thin beds of coal were found in a 
sandy shale. This occurrence is significant, 
for farther west this shaly zone is :got known 
to be coal bearing. Ho·wever, it thickens to 
the east and north. · Thin beds of coal were 
observed in it ii?- m~ny places, and these become 
more and more prominent until in the north­
eastern part of the, Raton field the largest, or 
Sugarite, coal bed attains considerable economic 
importance. 

LOCALITY 8. 

In the 1iorth wp,ll of Cimarron Canyon, about 
6 miles·northwest of Cimarron, at locality 8, 1! 
miles southeast of locality 7; the rocks of the 
Vermejo formation are well exposed and offer 
one of the best sections of the formation in the 
southern p~rt of the Raton coal field. Several 
hundred feet of Pierre shale is exposed in the 
lower part of the canyon wall. A zone of fossil­
iferous limestone concretions, described else­
where (p. 73) as occurring near the top of this 
shale, was noted, but no fossils were collected 
from· it at this locality. The Trinidad· sand­
stone occurs in characteristic development and 
contains great numbers of very perfectly pre­
served Halymenites major . Lesquereux. The 
section follows: 

Section of rocks measured at locality 8, Cimarron Canyon, 
N. l.fex. 

[For graphic section see Pl. V, p. ~6.) 

Raton formation: Ft. in. 

Sandstone, massive, quartzose, with spark-
ling grains and contorted laminae; rests 
with uneven base on shale and sandstone; 
contains no pebbles but ~s continuous later-

. ally with conglomerate .................. . 
Unconformity. 
Vermejo formation: 

Sandstone, friable; contains fossil plants .... 
Shale, drab to black ... 0 •••••• 0 ••••••••••• 

Sandstone, soft, friable ................... . 
Shale ........... 0 •••••••••••• : •••••••••• 0. 

Sandstone, soft, friable ........... 0 ••••••••• 

Shale, with thin sandstone at base ...... 0 •• 

Coal ................................ . 
Coal, with seaJUS of shale .. 0 ••••••••••• 

Coal ....................... · .. 0 ••• 0 ••• 

Shale, black to drab ...... · ............... 0 • 

Sandstone, yellow, shaly .............. 0 •• 0 •• 

Shale, black, carbollaceous ............... 0 0 

Sandstone, white, massive, friable ......... : 
Sandstone and shale,. alternating'la)rers .... . 

20+ 

10 0 
22 0 
5 0 
5 0 
3 0 

20 0 
6 

1 8 
1 4 
3 0 
2 0 
5 0 

28 0 
14 0 
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Verinejo formation-Continued. Ft;. in. 

·Shale, drab .......................... : ... . 9" 0 
Sandstone, white, massive, somewhat shaly .. 16 0 

· Shn,le, black ............................... . 4 9 
Coal ................................ . 1 0 

Shale, black ............................ . 0 
Coal ........................ , ....... . l 6 

Shale, black .... ~ ......................... . 11 
---

~l'rinidad sandstone: 
Sandstone, containing Halymenitc.~ major 

I"esq uereux ......•.................... 
Pierre shale: 

Transitional zone. 
Shale. 

163 9 

100±' 

283± 

The section was 1neasui·ed in a small gulch 
where nll of the surface debris had been wash~d 
away, leaving the native rocks perfectly ex­
posed. The Ver1nejo is about i63 feet thick 
find contains two beds of coal, both of which 
have been opened by prospectors. A short 
distance farther west the lower coal bed is con­
siderably thicker than at this locality, the lower 
bench 1neasuring 3 feet 6 inches and the upper 
one 5 inches. Farthei· southeast, between 
localities 8 and 9, the lowest bed has been pros­
pected in several places and fo:und to vary but 
little in character. The· maximum observed 
thickness is 3 feet 9 inches. A few poorly pre­
served fossil plants were found in the highest 
sandstone of the Vermejo formation. · They 
appeared to belong to the same species as those 
found in other places in the. Ver1nejo, but none 
was collected. 

On the fossiliferous sandstone, a 1nassive 
qua~·tzose sandstone rests with uneven base. 
Lithologically it is identical with the conglonl­
eratic sandstone at the base of the Raton forma­
tion ir1 other places, but no pebbles were found 
in it· at this locality. However, it was traced 
laterally for a short distance and therE} found 
to be conglmneratic. · The rocks higher in the 
section consist mainly of cliff-making sand­
stones, but they were .not here examined in 
detail. 

TUll.KEY CANYON. 

LOCALITY 9. 

About 2 1niles southeast of locality 8 there 
is a srnall break in the north wall of Cimarron 
Canyon known as Turkey Canyon, through 
which a road leads to the highlands north of 
the Citnarron. In the east \vall of this canyon· 
close to the wagon road the Vermejo and 
closely associated fornlations are well exposed, 
and the following section was measured: 

0 

Section of rocks measured at locality 9, in Cimarron Canyon, 
N. }.!ex. 

[For graphic section see Pl. V, p. 56.) 

Raton formation: Ft. in. 

Sandstone, massive,. quartzose, local~y 
conglomeratic.......................... 20+ 

Unconformity. 
Vermejo forma~ion: 

Shale, sandy; contains fossil plants-Ficm 
leei Knowlton and other forms not iden-
tified (U: S. Geol. Survey fossil local-
ity 5828). : . ......................... . 

Sandstone and shale; not continuously ex-
posed ...... ~ .......................... . 

·Shale, drab .............................. . 
Sandstone, yellow to brown7 soft and fri.-

able ........................... ·. · · ·. · · 
Shale, drab tb yellow .................... . 
Sandstone, yellow, thin bed_ded .......... . 
Shale, drab to black ........ · ............. . 

Coal, bony ..................... : ... . 
Shale, drab at base, carbonaceous near the 

top ........ .' ................ · ......... . 
Sandstone ............................... . 
Shale .................................. . 
Sandstone, white, coarse, massive, friable .. 
Shale, dr.ab .............................. . 

Coal .. · ....................... : ...... . 
Shale, drab ............................. . 

Trinidad sandstone ..... , ..... : .......... . 
Pierre shale: 

Transitional zone. 
Shale, fossiliferous (6555). 

12 

15 
10 

11 
6 
9 
8 
1 

10 
25 

36 
16 
1 
7 

167 
100± 

·287±-

0 

() 

o. 

0 
0 
0 
0 
2 

o. 
0 
6 
0 
0 
2 
0 

10 

. The upper part of the .Pierre shale, 200 feet 
or· n1ore in thiclmess, is well exposed in the 
east ·wall of Turkey Canyon and is very fossil­
iferous. Most of the shells are embedded in 
concretions of li~estone, but some of them. 
occur separately in the shale~ · Large ammon­
ites are especially abundant, and some of them 

. attain· a diameter of more. than 2 feet. One 
which was dug out entire measured 26 inches 
across ·and was by no means the largest found. 
Most of the ammonites occur in the centers of 
li~estone concretions and it is difficult to 
extract the larger ones unbroken. The fol­
lowing species of invertebrates were obtained 
at this locality 100 feet or more below the top 
of the Pierre shale:' 

Pierre fossils collect-3d in Turkey · Ca.nyon, northwest of 
Cimarron, N. Jfex. 

[U. S. Geol. Survey fossil locality 6555.] 

Anomia sp. 
Avjcula sp. 
Baculites compressus Say. . 
Crassatellites cimaiTonensis 'White .. 
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Inoceramus oblongus Meek. 
Inoceramus sagens.is Owen. 
Lima sp. 
Liopistha (Cymella) undata Meek and Hayden. 
Lucina sp. 
Nemodon sp. 
Odontobasis? sp. 
Ostrea sp. 
Placenticeras intercalare Meek and Hayden var. 
Placenticeras whitfieldi Hyatt? 
Pyrifusus? sp. 
Scaphites nodosus Owen .. 

' The Trinidad sandstone. is typically devel­
oped at this locality but was not examined' in 
detail. Its thickness was esti1nated. The 
Vermejo fonnation has practically the same 
tlllckness here as at localities 7 and 8. Appar-

. ently this forn1ation thins most rapidly from 
southwest to northeast: The localities de­
scribed in Cimn,rron Canyon are in a line nearly 

this locality, Ineasuring only a few inches wh~re 
the outcrop crosses Turkey Canyon. About 
2 niiles farther southeast, however,· between 
localities 9 and 10, it has been opened in nine 
places; and the coal, as reported by: Orestes 
St. John, is relatively regular in character. and 
reaches a maximum thickness of a little more 
than 4 feet. . in some places between these 
two localities igneous rock has been intruded 
in. or near the bed and has, coked the coal. 

A few fossil plants belonging to the Vermejo 
flora were found in the .. sandstone and sandy 
shale. near the top of the formation, as noted 
in the section .. 

At this locality a sandstone about 62 feet· 
thick lying above the coal-bearing shale at 
the. base of the Vermejo resembles the Trinidad 
sandstone n1uch more closely than it resembles 

the sandstone at higher hori­
zons, although it is softer than 
the Trinidad and. does not 
starid as a cliff in the sides of 
the canyon,. A · sandstone 
similarly located in the section 
was noted in several places 
east and north of this locality, 
and, but for the fact that coal 
occurs below it, would have· 
beeri ii1cluded with the Trin:l­
dad. It is the' southward con­
tinuation of the upper part of 
the Trinidad sandstone as de- · 
veloped farther northeast (see 

FIGURE 1.-l'ierre shale and younger formations in Cimarron Canyon; N. Mex. P, Pierre shale; 
'r, Trinidad sandstone; V, Vermejo formation; U, unconformity between the Vermejo and 

· Pl. V, p. 56), and the reasons · 
for including it in the Vern1ejo 
at this and neighboring •locali­
ties are ·stated on page 49. 
Doubtless some of the sand-

Raton formations; R, Raton formation. · 

at right angles to this direction, and probably stones of the lower part of the Vennejo farther 
for this reason the formatio~ along this river west are to be correlated with tl~s sandstone, 
does not change in thickness so rapidly as it but the correlation can not now .be made with 
wouid if the line of outcrop trended in some confidence. _ 
other direction. CIMARU.oN. 

The rocks of ·the V ern1ej o consist of light- LOCALITY 10. 

colored granular sandstone and shale, in which .East of locality 9 the rocks are especially 
two beds of coal are found at practically the well exposed in the north wall of the canyon .. 
horizons of the. two coals described at locality (See fig. 1.) Great barren slopes are for1ned 
8. The higher coal seems ·to be of ·relatively on the -Pierre shale, and the Trinidad sandstone 
little importance near this locality. Although stands out as a conspicuous white cli:J high in 
14 inches thick where the section was measured the side of the canyon. The outcrop of the 
it is bony, and about one-fourth mile farther Vermejo is characterized here, as elsewhere, by a 
south it is only 8 il).ches thick. The lower bed relatively s1nooth slope, above· which the ,basal 
also. seems to be irregular in thickness near . conglomerate of the Raton for1na.tion appears 

0 
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in a low but well-1narked cliff. The following 
section Wtts n1e~sured in the side of the canyon: 
Section· of rocks measured near Oimarron Oity, N. Mex., at 

locality 10. 

[F~r gmphicsoction soe Pl. V, p. 56.) 

Raton formation: l~t. in. 

Sandstone, yellow, massive, cliff making, 
. shale partings near top ................... . 25 0 

CoaL ................................ . 3 
Sandstone, yellow, thin bedded ............ . 8 0 
Sandstone, yellow, massive ............ , ... . 5 0 
Slutle, yellow, sandy ..•...................... 3 0 

CoaL ................................. · 2 0 
Shale, drab ........................... : ... . 6 ·o 
Sandstone, yellow, fine grainecl,.massive ... . 10 0 
Sandstone, yellowish white, massive, locally 

conglomeratic .......................... . 25 0 
Sandstone, yellow, thin bedded and shaly at 

base ................. ··················-' 20 0 
Sandstone, yellowish white, conglomeratic, 

pebbles up to 1 inch in diameter ......... . 11 0 
Coal ................................. . 1 6 

Shale, drab to yellow, sandy ............... . . 10 0 
Sandstone, yellowish white, massive ....... . 5 0 
Shale, drab ........................... -.· .. :. 6 0 

CoaL ................................. . 1. 3 
Shale, drab to black ....... ~ ............... . 4 0 
Sandstone, yellow, fmc gra,inQd, shaly, t~1in 

bedded .................................. . 3 o. 
Shale, drabu ............. .' ........... · · · · · 11 0 
Sandstone, yellowl.sh white, massive, fi~e 
· grained .............................. ····. 7 0 

Shale,· drab ......................... : ..... . 37 0 
Sandstone, white, massive .................. . 14 0 
Shale, drab .............................. :. 61 0 
Sandstone, yellow, fine grained, massive ... . 3 0 
Shale, drab in color ......................... . 10 0 
Conglomerate, white, coarse grained, quartz-

ose, ground mass, with thick beds of siliceous 
pebbles' up to 2 inches in diameter; base 
in-egular ............. ~ .................. . 10 ·0 

---

U neon formity. 
Vennejo formation: 

Shale, gray to yellow, sandy ........... : ... . 
Sandstone, yellow, massive ................ . 
Shale, gray to yellow, sandy ............... . 
Coal, bony ............................... . 
Shale, drab ............................... . 

Coal. ........................... ; .... . 
Shale with partings of shaly ~andstono ..... ;. 

Coal, bony ........................... . 

29!) 0 

1 ·0 
3 0 

12 0 
1 0 
8 0 

7 
J3 . 0 
1 o· 

Trinidad sandstone: Ft. in . 

. Sandstone containing Halymen:ites nwjor Les-
quereux ................................ . 83 0 

Pierre shale: · 
Sandstone and shale, transitional beds .. · ... . 125 0 
Shale, fossiliferous (6556) ................... . 350 0 

475 0 

971 7 

The zone of. fossiliferous limestone concre­
tions lies about 200 feet below the top of the 
Pierre shale and has yielded a large collection 
of fossils. Another collection was made at 
about the same horizon half a nllie farther east. 
Amn1onites are very abundant. Several bones 
and teeth of a mososaur were found near the 
base of the shale slope, and the largest Ino­
ceramus shells coine from the same horizon. 
The Nautilus and some of the smaller ammon­
ites were found near the top uf. tho shale. 
The invertebrates from these· two localities are 
as follows: 

Pierre fossils, collected near Cinwrron, .N. Mex. 

[U. S. Gooi. Survey fossil_Jo~ality G556.) 

Anomia sp. 
Baculites compressus Say. 
Crassatellites cimarronensis White. 
II~oceramus oblongus Meek? 
Inoceramus sagensis Owen? 
Lucina sp. 
l\fartesia? · sp. 
Nautilus clekayi Morton.· 
Placenticeras wh.itfielcli Hyatt? 
Placenticeras intercalare Meek and Hayden vn.r. 
Ptychoceras sp. 
P.Yl·ifusus? sp. 
S~aphites nodosus Owen. 

rhe alternating sandstones and shales of the 
transitional zone at the top of the Pierre are 
thicker at this locality than js common. The 
nu' ... ssive part of the Trinidad sandstone is a 
little thinner. It contains the usud Haly­
menites major Lesqueroux, and half a n1ile east 

·of locality 10 it yielded, in addition to Ilalyme- , 
nites, two shells, J{actra warrenana Meek and 
Hayden and an undescribed species of Inocera­
mus, which were found in slide rock at the base· 

Shale, drab ............................... . 7 
Sandstone, white, friable, massive. . . . . . . . . . 44 
Shale, drab................... . . . . . . . . . . . . . 15 

0 of th3 Trinich1.d sandstone (U. S. Geol. Survey 
0 
0 . fossil locr..lity 6557) in such ~1. position that 

·Coal ................................. . 
Shale .................... · ............. . 
Coal ............................... :.·. 

Shale, drab at base, carbonaceous at top .... . 

2 

1 
5 

G 
2 
4 
0 

114. 7 

they must have como-from this sandstone. 
The Ver1nejo formation contains at its base 

the same coal-bearing shale that was found at 
the last two localities desci·ibcd, n,nd the coal 
bed attttins consider~1ble prominence. This 
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co3J. has been prospected in many. places be­
tween localities 10 arid 11, and the records 
show that it. attains considerable thicknesses 
in some places, thegreatest reported thickness 
being nearly 5 feet. Above the coal-:bearing 
shale is · the sandstone described (p.. 49) as 
probably equivalent to the upper part of the 
Trinidad. sandstone as developed farther north. 

At this locality, n·ear the horizon of the 
higher coal, as described in the sections, there 
are three thin beds of coal. · Below. this horiZon 
the section corresponds 'clo~ely with that meas­
ured at locality 9, except that it seems to lack 
the upper 60 feet of the Vermejo~ This diff~r­
ence in thickness is in agreemen~ with the evi-

. dence. of erosion 0 bserved· at the top of the 
formation. The upper s'urface of the Vermejo 
is iiTegular, with rather sharp depressions 4 
feet or ~ore in depth, and the Vermejo beds 
are locally tilted to a ·maximum of about 5° 
and tnincated,. and their ·eroded edges are 
traversed by the. base of the Raton formation. 

The basal conglomerate 9f the Raton is only 
10 feet thick at this locality, but it is so very 
hard and re'sistant that it not only forms a 

·prominent cliff but, where it lies above shale or 
soft sandstone, juts out as an overhanging cliff~ 
The rocks 11bove the basal conglomerate con­
sist· largely of shale, but another conglomerate 
lies near the top of the section and four thin 
beds of coal were found, some of wlllQh may be 
equivalent . to the coals found in similar posi­
tions farthe1; north; these, however, had no 
appar~nt bearing on the·· principal problem 
under investigation· and received little atten­
tion. 

About 3 miles west of Cimarron invertebrates 
were collected at a horizon in the Pierre shale 
slightly lower ~han that of the collections fr9m 
Cimarron Canyon. They .o-ccur near the foot·of 
a barren slope on the. south side of the mesa 
west of Cimarron 400 to 500 feet below the base 
of the Trinidad sandstone. . Bones and teeth of 
a mososaur were also found at this locality .. 

Invertebrates collected 400 to 500 feet below the top of the 
Pierre shale 8 miles west of Cimarron, N. Mex. 

· [U. S. Geol. Survey fossil locality 6561.) · 

Anomiasp. .!) 

Baculites compressus Say. 
Crassa;tellites cimarronensis White.· 
Fasc.iolm:ia (P.iestQchilus) sp. 

Inoceranius oblongus Meek. 
Inoceraml.ts sagensis Meek. 
Inoceramus vanuxemi Meek and Hayden? 
Lucina occidentalis (Morton)? 
Nautilus ·dekayi Morton. 
Placentic!3ras whitfieldi Hyatt? 
Ptychoceras sp. 

CIMARRON TO VAN BREMMER CANYON. 

Along the southeastern margin of the Raton 
coal field the coal beds outcrop in precipitous 
cliffs that overlook · relatively level plains 
formed on the Pierre shale. The coal meas-

. ures are deeply dissected, and the rocks, which 
lie nearly horizontal,' are' well exposed in many 
places. The sections described were all meas­
Ured by Locke level in the best exposed portions 
of the escarpment. 

PONIL CANYON. 

LOCALITY 11. 

The outcrops of the various formations were 
observed around the eastern. end of the mesa 
northwest of Cimarron, and examined in sev­
eral places in Ponil Canyon. A section of the 

. Vermejo formation was· measured at locality 
11 in the east wall of Ponil Canyon, where· the 
Trinidad sands_tone passes beneath the level of 
the river, 3 miles northeast of theuplace where 
the last section was measured. (The line rep­
resenting the top of the Trinidad would cross 
the river at this locality, but the line used on 

·the map (Pl. I, in pocket) to mark the bound­
ary of the coal field is the line of outcrop of 
the upper coal bed.· The rocks here lie nearly 
horizontal and the few feet intervening be- · 
·tween the top of the Trinidad and the coal is 
sufficie~t to' throw the boundary line consider-
ably farther upstream than would the line 
marking the top of the Trinidad.) The section 
follows: 

Section of rocks measured at locality 11, Ponil Canyon, 
N.Mex. 

[For graphic section see Pl. V, p. 56.] 

Raton formation: Ft. in. 
Conglomerate, with pebbles up to half .an · 

inch in diameter_ . . . . . . . . . . . . . . . . . . . . . . . 10+ 
Unconformity. 
Vermejo formation: 

Shale, drab to yellow above, black and car­
bonaceous below, sandy. . . . . . . . . . . . . . . . . 50 0 

Coal. .................... -~........... 6 
Shale, drab. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 0 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 
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.A. UNCONFORMITY BETWEEN THE VERMEJO AND RATON FORMATION S, PONIL 
CAN Y ON, N. MEX. 

V, Vermejo formati on ; U, un conformity betwee n th e Vermejo and Rato n formati ons; R1
, basa l co nglom­

erate of the Raton formation. 

._:_ ... 

·-. . -. _.::·- . · .. 
: -:._-_-.... . . . .. 

. :• ·,························ •.. · •.• : •..••....• ·.· ..•.. · .• •••..• T;i~:~~ .d cand;tone /. / > ./ •. :: i?{_\) .. ::f. • 
: ... .. · ...... :. · .. _:: ·_. : . . : ·. . . . . . . . ·:-: ·. ·. · . . · ..... ·. · ... · .. ·. · .. ·. :- . . . . . . . -·. : : ·. ·-:-: : -·. ·. . -· . .. ... :-:-:-: 

B. NORTH WALL OF CANYON M- KOEHLER, N. MEX. 

Showing the relation of the Vermejo formation to the Trinidad sandstone and Raton formation . 
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Vermejo 'formation-Continued. 
Shale, yellow to drab .•...............•..... 

Coal. ........................ , ....... . 
Shale ...•.................... : ....... . 
Caal ................................. . 

Shale, drab 1'.9 yellow, black and carbonaceous 
at top ............... · .................. ·. 

Sandstone, ~hite, massi~e ................ . 
Shale, sandy ............................. .- . 
Sandstone, yellowish white, massive ....... . 
Shn.lc, black ............................ .. 

Coal ........................ .' .... ': ... . 
Shale, sandy .......................... · .... . 

Ft. 
3 

. 25 

16 
6 

22 

2 
7 

in. 
0 
3 
1 
4 

0 
0 
0 
0 
6 
4 
0 

Canyon, which was not entered by the writer, 
but which .furnished some of the plants col­
lected by St. ~ohn and included in the V er- . 
mejo flora. 

The basal conglomerate of the R·aton forma­
tion is about 15 feet thick at this locality and is 
massive and v_ery resistant. It rests with ob­
vious unconformity on the soft beds of the V er­
mejo, and these, being so much softer than the 
conglomerate, have weathered from beneath 
it and left it as an overhanging cliff. (See Pl. 

144 o· VII, ·A.) T-h~ higher rocks of the Raton forma-
~L'r.inidad sa.ndstonc ............................. 100± 

The two principal coal be~s of this section 
' are well developed, and the interve:q.ing sand­

stone previously described as being probably 
equivalent to the upper part of the Trinidad 
sandstone as developed farther north is here 
almost indistinguishable from the undoubted 

tion were not examined near locality 11, but at 
the forks of Ponil Creek, about 2 miles farther· 
northwest, they consist ·mainly of coarse­
grained massive s~ndstones that form cliffs 300 
to 400 feet high. These rocks were searched 
for fossils, b.ut only imperfect impres~ions of 
.leaves were found. 

LOCALITY 12. 

~L]:inidad underlying it. Good measure1nents The next section toward the east examined in 
were obtained of till of the· coal beds. · In the detail was in the sou~h wall of the easternmost 
lowest, 2 feet 4 inches thick, the coal is of fairly point· of the mesa north of Ponil Creek, at to­
good qunlity where its outcrop crosses the cality 12, nearly 3 miles southeast of locality 11. 
Ponil. Near the mouth of Chase Creek it is 2 The side of the mesa is very precipitous, and. 
:feet 11 inches thick; and between Chase and several hundred feet. of the, top of the Pierre 
Templeton Canyon it is 2 to 3 feet thick but is shale is exposed in the lower part of the wall. 
Inore or less slaty. . The shale is fossiliferous, but no fossils were 

Above the higher group of coals, the rocks, collected. The Trinidad sandstone is charac­
about 50 feet thick, consist principally of shale teristically developed and appea~ as a promi­
and soft shaly sand~ tone and contrast rather nent cliff in the side of the mesa. No fossils 
sharply with the rocks at the top of the Vermejo were coJ.1.ected from it at this locality, but in 

· formation a quarte1: of a mile farther west. the north wall of Ponil Qanyon, 2 miles farther 
T}fese shales are overlain unconformably-by the west (U.S. Geol. Survey fossil locality 6558), 
massive conglomeratic sandstone that consti- Halymenites major Lesquereux, Anomia? sp., 
tutes the base of the Raton formation. and Tellina scitula Meek arid I-Iayden were col-

About a mile west of locality 11, at the lected from it. 
mouth of a small side gulch, the upper· part of The Vermejo formation is 110 feet thick at 
tho Vermejo formation is exposed even more this locality as compared with 144 feet at local-· 
perfectly than it is ·in the east wall of Ponil ity 11, the difference seeming to be due to the 
Canyon, but the base is covered. The upper absence of certain rocks at the top of the fonna­
part is much more sandy than it is at locality . tion at the latter locality. From the Trinidad 
11, and in some places the sandstone is full of sandstone up to the higher coal the two sections 
fossil plants. Ficus leei Knowlton, Salix sp. are very ID':J.Ch alike. The lowest coal bed is 
b, Sequoia obovata Knowlton, Sequoia reichen- about 2 feet 4 inches thick, and the coal ap­
bachi (Geinitz) Heer, and Sabal? ungeri (Les- pears to be of fairly good quality. Half a mile' 
quereux) Knowlton were collected a few Jeet farther· east this bed is 2 feet 8 inches thick. 
below the top of the Vermejo formation (U. S. Only one higher bed of coal.about 6 inches thick 
Geol. Survey fossil locality 5829). This forma-· ·was found, but other beds corresponding to 
tion seems to ·be also fossiliferous in Dean those found about this horizon in section 11 
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probably occur in the poorly exposed rocks 
above the 6-inch bed. The-section follows: 

Section of rocks measured at locality No. 12, mouth of 
-Ponil Canyon, N. Mex. 

[For graphic section see PI. V, p. 56.) 

·Raton formation: Ft. in. 

Sandstone, yellow, massive, cl~ff making_. 175 0 
Sandstone and shale, not continuously 

exposed ................ :. . . . . . . . . . . . . . 229 . 0 
Conglomerate, pebbles up to half an inch in 

diameter ...................... ·. . . . . . . . 10 0 

Unconformity. 
Vermejo formation: 

414 o. 

Covered, but chiefly shale..... . . . . . . . . . . . 28 0 
Coal ....... ~ ... ~ ........ _. . . . . . . . . . . 6 ± 

Shale, drab ... : ....... : .... ~ . . . . . . . . . . . . . 30 0 
Sandstone, white, massive; not continu- · 

ously exposed. . . . . . . . . . . . . . . . . . . . . . . . . 33 0 
Covered .................... : ........ ~ . . . . 11 0 

CoaL ....... · ... ~ ............ ~ . . . . . . . . 2 . 4 
Shale, drab to yellow, sandy ...... ·. . . . . . . . 6 0 

·no 10± 
Trinidad sandstone: 

Sandstone, containing Halymenites 'i'rL[ljor 
Lesquereux ............. " .............• 100± 

.Pierre shale: 
Transitional zone. 
Shale, fossiliferous. 

624± 

The conglmnerate. at the base of the Raton 
. formation is much less conspicuous at this 
locality than it is· farther ·west. It contains 
siliceous pebbles and :rests with uneven base 
on the softer rocks of thf3 Ver:inejo formation. 
The cliffs rise about 400 feet above· the con­
glo:nerate 'and are co~nposed mainly of rnassive 
sandstone, but details were riot obtained of 
this part of the section. The coal outcrops at 
a horizon a little above ·the top of the :?ection 
and a short distance back frmn the edge of 

. the cliff. -For this reason it was not included 
in the s.ection. 

ENCENOSO CHEEK. 

LOCALITY 13. 

About .a Jnile east of locality 12 and 2 rniles 
south of Encenoso Canyon, in the north wall 
of a srnall recession in the cliff, a short section 
was rneasured (locality 13). The upper .part 
of the Pierre shale is exposed and· the Trinidad 
sandstone was found characteristically devel­
oped. It is 90 feet thick, forrns a prominent 
cliff, and is separated as usual from the typical 
Pierre shale by thin-bedded sandstones and 
shales. No indication was found of a shale 

parting, such as appears :riear the rmddle of the' J 
Trinidad in sections to follow. The lower coal 
of the Vermejo formation; which is a bed of 
considerable thickness in Cimarron and Ponil 
canyons, seerns to thin toward the north and. 
~t this locality is only a few inches thick and 
is coked by an· intrusion of . igneous· roek. 
However, in the point of the mesa a few hun­
dred yards farther north a coal bed 3 feet or 
more in thickness was found. But whether it 
is the lower coal previously described or a 
higher one was .not satisfa'ctorily determined. 
The shale and shaly sandstone associated with 
this lowest bed of coal, both at this locality 
and farther to the south, are yellowish brown 
and have a ·n1ottled appearance different from 
that of ·any other bed in the section. This:-· 
character becomes irnportant at this locality: 
because it helps in correlating these beds with' · 
those of the next· localities described. The: 
30-foot sa,ndstone above this coal bed is rnore 
prominent here than it is farther to the south, and 
it cont.ained rnany impressions of Ilalymenites 
major Lesquereux. These fossils throughout 
the Raton Mesa region are characteristic of the 
Trinidad sandstone, and their presence in the 
sandstone above the lower coal at this locality 
is one of the reasons for correlating it with 
the upper part of the Trinidad. farther north . 
The upper coal bed of the Vern1ejo forrnation 
found at the several localities farther south is 
well developed here. 
Th~ base of the Raton formation is readily 

determined because of the· conglon1eratie sand­
stone that here rests unconforrnably on the 
Vermejo. A section of the Verrnejo was 
rneasured here on the rocks above it~ The 
section follows: 

Section of rocks rneasured at locality 13, 2 mi.les south of 
Encenoso Creek, N. Mex. · 

(For graphic section see PI:V, p. 46.] 

Raton formation: 
Conglomerate, with siliceous pebbles up to 

one-half inch in diameter ................ . 
Unconformity. 
Vermejo formati:m: 

Shale, drab.· .............................. . 
Coal, bony ........................... . 

Shale, drab at base, carbonaceous and bhck 
at top ...•............................... 

Shale, drab; not continuously exposed ..... 
S::tndstone, light-colored, ma.ssive, similar 

in character to the Trinidad sandstone; 
contains many impressions of Halymenites 

Ft. 

20+ 

20 
1 

6 
35 

major Lesquereux........................ 30 

in. 

0 
2 

0 
0 
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Vermejo formation-Continued. Ft. in. columnar· sections of Plate V (p. 56) show 
Shale, black.------ .. ···· .. · .... - .. · .. --·· 4 t4at the lowest sandstone is obviously the 
Coke, with columnar structure.············· 

0
9 Trinidad of section 13 and the lower sandstone 

Sill ofigneous intri.1sive rock ............ ,.. 2 
CoaL ....... _ ... ___ --.-................ 6 of' the Trinidad of section 14. The 5 feet of 

Shale, drab to black, mottled .......... _ .. ·.. 2 o brown shale seems to correspond to the lowest 
Sandstone, brown ............. ·............. 1 o· coal-bearing shale of the localities farther south 
Shale, brown to yellow, sandy, mottled.··· · __ 3 __ o ('Yhich was only a few inches thick at locality 

13) and to be associated with brown and yellow 
shale. The 30-foot or upper sandstone is 
obviously the same as the u:r;per sandstone of 
the Trinidad ·at. locality 14 and as the Haly­
menites-bearing sandstone · above the lowest 
coal bed in section 13. The lowest coal of sec.:. 
tion 13a was not found at other locn.lities neal~ 
Encenoso Canyon, probably bemtuse of poor 
exposures and the correlation of the higher 
beds with those of neighboring sections is pro­
visional and their probable relations .are best 

Trinidad sandstone: 
Sandstone, containing ./Ialymem:tcs major 

Lesquereux ............................. ·. 
]~icrre shale: 

Transitional r.one. 
Shale. 

lOl 

!.)0 . 0 

211+ 

It is a 1natter of considerable importance in 
correlating the sections in this region that the 
various beds at locality 13 should. be traced 
continuously northward through Enc<:moso and 
Cerrososo canyons, but unfortunately this 
could not be done because of the brushy con­
dition of the surface. In the south-side gulch 
tributary to Encenoso Canyon~ between locali­
ties 13 and 13a, the upper part of- the Trinidad 
sandstone and the overlying bed of coal is 
exposed, and at locality 13a a considerable 
thickness of higher rocks is exposed. These 
places were not visited by the \Yriter. but were 
examined by Orestes St. John, and the follow­
ing section is taken from his report to the 
Raton Coal Co. 

Section of rocks measured by Orestes St. John .at lo_cality 13a, 
Encenoso Canyon;· N. Mex. 

(For graphic section sec 1)1. V, p. 56.) 

Saudston.e, massive, buff-colored. n. in. 
Sandstone, rusty, nodular ..................... . 3 0 
Shale, sa.hdy .................................. . 8 6 

Coal, with layers of shale allCl bone ........ . 3 2 
Shale, drab to black, sandy .................... ~- 5 6 
Sandstone, shaly ............................ : .. 1 (j 

Shale, drab to black ........................... . 9 6 
. Sandstone, rusty, shaly, nocluhtr .......... : .... . 5 (j 

Shale, dark .. : ............................... ~. f) G 
Sandstone, buff-colored ........................ . 4 6 
Rhale, drab to bln.ck ........................... . 8 (j 

Sandstone, buff-colored. soft. .................. . 5 0 
Coal ..................................... . 8 
Shale .................................... . 5 
Coal.· .............................. : . .... . 1 11 

Shale ....................................... . 11 0 
Sandstone ['l'rinidad, upper part] ............... . 30± 
Shale, brown ................................. . 5 0 
Sandstone ['L'rinidad, lower part]. 

109± 
Critical COnlparison of·this section with those 

previously described and inspection of the 

·indicated by the plotted sections of Plate V 
(p. 56). 

LOCALITY 14. 

·In the Encenoso embayment, nortli of local­
ity 13, the rocks are covered with brush and 
debris in many places along the outcrop, but 

·at locdity 14, abo:ut 1-! miles· northeast of 
loeality 13 and nearly 2 miles· east of locality 
13a, they are well enough exposed at critical 
places to 1nake possible their correlation- with 
those described farther south. The following 
se·ction was measured in the projecting ·point 
of the mesa north of Encenoso Creek. 

Section of '!'ocks rneasurcd at locality 14, i1~ the 1wint nf the 
mesa north of Encenoso Canyon, N. Mex. 

(For graphic section sec n. \r, p. 56.1 

Haton formation: Feet. 

Conglomenite, with siliceous pebbles up to ] 
inch in diameter ........................ :. 20+ 

Probable unconformity. · = 
Vermejo formation: . 

Covered, exposures of drab and black shale in 
some places........ . . . . . . . . . . . . . . . . . . . . . . . . 50 

Sandstone, massive, containiiig great numbers 
of Halym,enites nurjor Lesquereux............ 50 

Sandstone, yellow, shaly, mottled............. 4 
Shale, sandy at the base, black and carbona-

ceous at the top: . : . . . . . . . . . . . . . . . . . . . . . . . . 4 

'l'r.inidad sandstone: 108 
Sandstone, 'containing Halynwnites m.ajor Les-

quereux ................................... 75 
Pierre shale: 

Sandstone and shale. Transitional zone ... :.. 20 
Shale, fossiliferous· .......... ~ ............... 250 

270 

473+ 
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The Pierre shale occupies the lower half of 
the sl~pe and contains fossils, but none were 
collected.· The Trinidad sandstone occurs as 
a prominent cliff, and although ·it is little 
thinner it is otherwise unchanged from its con-

. clition farther south. Above this sandstone 
there is a 4-foot bed of black carbonaceous 
shale, which, from a little distance, might 
easily be mistaken for coal. · This shale is 
overlain by yellowish mottled sandy shale 
similar to that associated with the lowest coal. 
at locality 13. 

Above this carbonaceous bed, which evi­
dently marks the horizon of the lower coal bed 
of locality 13 and the. lowest shale of locality 
13a, there is a 50-foot sandstone w]J.ich is nearly 
as resistant as the underlying sandstone. It 
has. a yellowish tint but is otherwise like the 
typical Trinidad sandstone of other localities 
and contains great numbers of Halyme.nites 
major Lesquereux, the characteristic fossil 'of 
the Tri~idad throughout the Raton Mesa 
regwn. The rocks between this sandstone 
and the overlying conglo;m.erate are very im­
perfectly expo~ed, and althougP, ·no coal was 
found,· the occurrence of black carbonaceoua · 
shale at the surface indicates that coal corre­
sponding in position to the upper bed (locality 
13) may be found here. 

The base of the Raton formation consists of 
. conglomeratic sandstone 20- feet or more in 
thickness, which forms a broad shelf and caps 
the mesa at this point. It is hard and resists 
erosion to such an extent that it stands out in 
the 'sides of the mesa as a prominent cliff: 

CERROSOSO CANYON. 

LOCALITY 15. 

·· Between the forks of Cerrososo Creek, about 
3 miles northwest of locality 14, the Trinidad 
sandstone and the basal conglomerate of the 
Raton formation are well exposed in pre­
cipitous cliffs. The Pierre shale·· forms barren 

· slopes and is fossiliferous, but only one species, 
Placenticeras whitfieldi Hyatt~' was collected 
(U. S. Geol. Survey fossil locality 6559). 
These ammonites are especially abundant at 
this locality and occur in limestone concre­
tions 100 feet or more below the top ·of the 
formation~ The following section was meas­
ured at this locality: 

Section of rocks measured at locality 15, forks of Cerrososo 
Canyon, N: Mex. . 

(For graphic section see PI. V, p. 56.) 

Raton formation: Feet. 
Sandstone, conglomeratic, with pebbles up to 

1 inch in diameter in lower 10 feet.. . . . . . . . . 22+ 
Unconformity. 
V ermejo formation and Trinidad sandstone: 

Shale, not continuously exposed ............... 55 
Sandstone (Trinidad), containing Halymenites 

major Lesquereux. It is the sandstone 
which constitutes the top of the Trinidad 
farther north and which overlies the lowest 
coal farther to the south .. ·.................... 55 

Shale, dark drab to yellowish brown, and 
carbonaceous in some places ........ ;....... 1 

Sandstone (Trinidad), contailiing Halymenites 
major Lesquereux ........... ~.............. 70 

Pierre shale: 
Sandstone and shale. Transitional· zone. 
Shale, fossiliferous (6559) ...................... 200 

423+ 

The Trinidad sandstone is ·unusually thick 
at this locality if all of t;he massive sandstone 
above the Pierre shale be included. It con­
sists of two parts separated by a thin layer 
of shale: The lower part is 70 feet thick and 
contains the fossil fucoid Halymenites major 
Lesquereux ehar~cteristic of the Trinidad· 
sandstone. This sandstone ·is o bvj.ously the 
same as the 75-foot sandstone of locality 14. 
Unfortunately· the rocks in the south wall of 

· Cerrososo Canyon are not well exposed, and 
although there is .a strong presumption _that 
the foot of shale at the top of this sandstone 
corresponds to the carbonaceous shale which 
separates the two thick plates of sandstone at 
locality 14, it can not be confidently asserted 
that this· correlation is correct. However, the 
shale· at both places has the same peculiar 
brownish-yellow color and holds the same 
stratigraphic position. 

The higher sandstone is a little less-resistant 
than the lower and forms a less precipitous 
cliff, but otherwise it rloes riot differ notably 
from the lower. Apparently it is· to be cor-

. related with the sandstone which overlies the . 
lower coal bed farther to the ·south. (See Pl. 
v, p. 56.) 

The rocks intervening between this upper 
sandstone and the overlying conglomerate 
consist mainly of shale but are not continu­
ously exposed. Probably they con~ain one or 
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still remains. Because of its superior hard­
ness it forms a bench in the side of the mesa 
that is readily recognized. No observations· 
were made near this locality ·on the rocks of 
higher horizons. 

LOCALITY 16. 

more beds of coal, but no coal was observed 
nt the outcrop. The records of certain pros­
pects opened several years· ngo indicate that 
coal occurs in this vicinity, probably in this 
55-foot shale series. In the gulch between 
localities ·14 and 15, about a mile south of 
locality 15, n 3-foot bed of carbonaceous shale A_.bout a mile west of the easternmost 
and thin seams of coal occur near the base of 

. Prominent po1'nt.of the mesa north of Cerrososo 
the shale series. In the south fork of Cerro-

Creek and about 3 miles southeast of locality 
soso Canypn, at the point where the outcrop 15a and 2 miles from locality 14 the follpwing 
of the Trinidad sandstone crosses the creek, section was measured (locality 16). The 
there is a similar bed. of carbonaceous shale Pierre shale is covered with brush and slide 
and coal. In the north fork of Cerrososo 

rock and no observations were made on it. 
Canyon this carbonaceous shale and three The base of the Trinidad is not exposed, but 
higher beds of coal are exposed. In the recor~s the formation .was found to consist of two 
of these prospects St. John g~ves the follow- sandstones, each a~out 50 feet thick and each 
ing section, m.easured in the north fork about containing the fossil fucoid characteristic of the 
half ~ mile north of locality 15

= Trinidad. The two sandstones are separat~d 
Section of rocks reported by Orestes St. John at locality 15a, 

Cerrososo Canyon, N. Mex. · 
by 3 feet of sandy s:P,ale, which.probably repre­
sents the lowest bed of coal farther south. 

(For graphic section soo Pl. V, p. 56.) 
Ft. 

Sandstone ...................... :............... 7 
Shale, drab to brown ..................... ".;..... 5 
Sandstone, buff-colored......... . . . . . . . . . . . . . . . . . 4 

Coal ....................................... . 

0 
0 
0 
6 

Shale, brown to drab .......................... . 9+. 

in. There is no do'ubt ~ere such as existed at the 
localities farther south regarding what shall 
be · included in the Trinidad. The top or 
upper s~ndstone is clearly what was originally 
described as Trinidad. In the:) sections de­
scribed h~reafter this upper Halymenites-bear­
ing sandstone constitutes the Trinidad, ana 
the Vermejo formation· is described as con­
sisting of the rocks intervening between this 
sandstone and the overlying . conglomerate, 
although these rocks obviously represent only 
the upper part of the V ermej o as described 
farther to the south. The section follows: 

Coal ...................................... . 6 
Shale, drab, sandy..... . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 

Coal....................................... 2 5 
Shale, dark, with thin seams of coal..... . . . . . . . . . 16 6 
Sandstone, msty. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 3 0 
Shale, dark, with thin seams of coal.·... . . . . . . . . . . 14 0 
Sandstone, buff-colored.......................... 3± 
Shale, brown, with streaks of coal in upper part.... 6 0 
Sandstone, rusty............................... 6± 
Sandstone [Trinidad], gray. · 

82± 

Apparently the gray sandstone at the base 
of this section and the rusty layer at its top 

'constitute the upper massive sandstone de­
scribed at locality 15, and the coal-~earing 
shales correspond in position to the shale 
series between the sandstone and the overlying 
conglomerate. The writer has not seen this 
section, and he is not certain that the sand-
·stone at the top of St. John's section is the 
conglomerate of section 15; but it 90rresponds 
closely to it in stratigraphic position. and is 
provisionally correlated with it. (See Pl. 
v, p. 56.) 

The conglomeratic sandstone at th~ base 
of the Raton formatio:o. at locality 15 is hard,· 
massive, coarse grained, and resistant. Its 
upper part has been ero~ed, but 22 feet of it 

Section of rocks measured at locality 16, north 'Wall of Cerro­
soso Canyon, N. :Mex. 

[For graphic section sco Pl. V, p. 56.) 

Raton formation: Ft. in. 
Conglomerate, with pebbles one-fourth inch 

in diameter, resting with uneven base llpon 
shale ...................................... 20+ 

Unconformity. 
Vermejo formation: 

Shale, light-colored ................. , . . . . . 5 
Coal, dirty .. : . .. : .................... . 

Shale, drab ................................ 16 
Covered (coal blossom) ............ -. . . . . . . . 7 
Shale ~nd thin-bedded sandstone .......... . 

Coal..· ............................... . 
Shale .................... · ............. "· .. · 

n 
1 
7 

Sandstone, white, friable, granular. . . . . . . . . 5 
Shale, buff-colored to black, with thin seams 

0 
6 

·0 
0 
0 
0 
0 
0· 

of,coal. ....... ·.·.· ..... · .................... ·11 0 
---

63 6 
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Trinidad sandstone: 
Sandstone containing llalymenites major 

Ft. in. from the foot of the slope to the top cf the mesa. 

Lesquereux ........ ~ ..................... 50 0 
A section measured at locality 17 follows: 

Shale, sandy ....................... · ~ .. · ... : . 3 0 Section o/ rocks measured at locality 17, south of Van 
Sandstone containing Halymenites major . Bremmer Creek, N. Jfex. 

Lesquereux ............................. ~ 50± (For graphic section see Pl. V, p. 56.] 

103± Raton formation: Ft. in. 

186± 

The Vermejo formation, about 63 feet thick, 
is coal bearing at this locality, and the coal· 
beds correspond in position with those of other 
localities on either side. The coal beds have 
been prospected in a branch of Cerrososo ·Can-

. yon west of locality 16. At the head of this 
branch, about a mile northwest of locality 16, 
St. John reports It feet of coal about 4 feet 
above' the basal (Trinidad) sandstone, but in a 
section which ·he measured a few hUn.dred feet 
farther east he found no coal at this horizon. 
His .section of 'the lower part of the V ermej o 
formation follows: 

Section of rocks measured-by Orestes St. John in a branch of 
Cerrososo Canyon, N. Mex. 

Sandstone, buff-colored, friable ............... . 
Coal .................................... . 
Shale ...... · ......... -.· ................. . 
Coal ........... · .............. : ........... · 
Shale ........ ~ .............. ~ .......... . 
Coal ..................... : ......... -.-.--

Shale, drab .... ~ ............................. . 
Shale, brown, with thin seams of coaL ........ . 

· Sandstone, ·buff-colored, shaly ............... . 
Not exposed.· .................................. . 
Share, brown ............ · .................... . 
Sandstone, "baaal" [Trinidad]. 

Ft. in. 
6 5 

5 
4+ 

1 2 
1 

2 6 
14 0 

3 0 
2+ 

10± 
5± 

44± 

In the gulch halfway between this locality 
and locality 10 St. Job.rl reports the occurrence 
of only thin seams of coal at the lowest c·oal 
horizon and no vestige of the higher coal; but at 
locality 16, only half a ·mile farther southeast, 
two beds of coal lie above the thin seams of 
the lowest horizon. · It is not known whether 
the absence of coal in certain places is due to 
nondeposition or to post-Vermejo erosion or is 
only apparent, being so reported through some 
misinterpretation of horizons. More detailed 
observations are necessary in this vicinity be­
fore the various section~ can be definitely cor­
related. 

VAN BREMMER CREEK. 

LOCALITY 17. 

South of Van Bremmer Creek, about a mile 
east of locality 16, the r~cks a.re well exposed 

Sandstone, yellow, massiv:e ................ . 140 0 
Shale, drab ............................... . 15 0 

. Coal ................................. . 10 
Shale, black, carbonaceous ............... . 2 0 

CoaL.· ........................... , ... . 6 
Shale, drab ............................. · .. . 4 0 
Sandstone and shale, not continuously ex-

posed .................................. _. 78 0 
Covered· .. ·.· .............................. . 20 0 
Sandstone, shaly at base, massive at top .... . 22 0 
Sandstone, conglomeratic, containing sili-

ceous pebble~ up to one-half inch in diame-
ter .... : ............................... . 18 0 

Unconformity. ---
300 4 

Vermejo fon;nation: 
Shale, drab, iwt continuously exposed ..... . 20 0 

Coal ... ·.· ................. -.·.-.· ...... . 3 6 
Shale, drab ............................... . 3 0 

Coal ........ : ......................... . 5 
Shale, drab ............................... . 5 0 
Sandstone, white, massive, coars~ grained, 

friable .... ~ ........................ ·_ . . . . . . 17 0 
Shale, brown, carbonaceous................ 2 0 
Sandstone, shaly........................... 1 0 

. ShaJe, brown, carbonaceous. . . . . . . . . . . . . . . . 3 0 

54 n 
Trinidad sandstone: 

Sandstone containing Ifalymenites major 
Lesqucreux .............................. · 50 0 

Shale, sandy......... . . . . . . . . . . . . . . . . . . . . . . · 3 0. 
Sandstone containing llalymenites major 

Lesquereux .............. :............... 55 0 

108 0 
Pierre shale: 

Transitional zone .... · . . . . . . . . . . . . . . . . . . . . . 20 0 
Shale, fossiliferous. == 

483 ;) 

The Pierre shale is. characteristically ex­
posed and contains fossiliferous limestone con­
cretions 100 to 200 feet below the top. F1.·on1 
one of these concretions Anomia sp., Aniso­
myon? sp., Inoceramus. sagensis Owen, and 
Placenticeras sp. wer.e obtained (U. S. Geol. 
Survey fossil locality 6562). The Trinidad here 
consists of two sandstones separated by 3 feet 
of sandy shale (see locality 16); both contain 
the characteristic fucoids. 

The Vermejo formation is thinner here than 
it is at locality 16, and the 6-inch bed of coal 
near the top of "that section is not represented. 
The horizon of the lowest coal IS marked' by 
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the .presence of carbonaceous shale, and a thick ·the saine yellowish-brown. mottled ·aspect that . 
bed of coal occurs near the middle of the for- was not~d in all of these sections. 1t is 
Ination. . _ worthy of note that as the lower sandstone 

The lowest stratum of the Raton formation· tlllns toward the north the upper one thickens 
consists of a conglomeratic sandstone that rests . and is here 75 feet thick. The fossil fu.coids · 
wjth uneven base mi the shale of the Vermejo.. characteristic of the Trinidad occur in both 
The rocks above this basal conglmnerate con- parts; and several shells of Inoceramus sagensis 
sist of shale and soft shaJy sandstone, which Owen were fonnd near the top of the upper 
contain a bed of coal at about the same horizon one (U. S. Geol. Survey fossil locality 6565). 
as the one at locality 10. (See p. 72.) _Also, . Tellina? sp., ~factra warrenana Meek and 
coal occurs at about the sn.me horizon in several Hayden?, and scales and vert~bi·ae of fishes 
of the sections measured north of this locality .. were found (U. S. Geol. Survey fossil lotality 
The edge of the mesa is formed here by a mas- 65~3) in blocks of sandstone, which o~viously 
sive sandstone 140 feet thick-One of the group ca1ne from the Trinidad. Three beds of coal 
of sandstones that fonn conspicuous Cliffs all were found in the Vennejo formation- at this 
nlong the eastern margin of the Raton coal· locality. The lowest occurs at the horizon of 
field fr01n Cimanon to Raton. · the carbonaceous shale found at the base of the 

The V ermejo beds were traced north · o! Vermejo in section 17, and the two higher are 
locaiity 17, but for about 3 miles no good expo- apparently to be correlated with those of section 
sure of them was found. Near the point where 17. The basal conglomerate of the Raton for­
the line of outcrop of the lowest coal be~ crosses mation rests unconformably on the higher beds, 
·Hackberry Canyon a bed of coal, reported to _which thins out 75 feet east of the point where 
be 5 feet thick, with a slaty band near the the section Waf? measured but ·comes in again 
middle, has been opened. The base of the farther east. About 175 feet from the point 
Vermejo for~ation is somewhat in doubt_ at where the section was measured this coal is 2 
this point, but it is p~·obable that this coal bed feet 8 inches·thick. This irregularity in occur­
co~Tesponds to that occurring about the renee and thickness was obviously· caused by. 
middle of the Vermejo at locality 17. · .the erosion of a relatively thick bed of coal 

LOCALITY 18. 
previous to the deposition of .the conglomeratic 
sandstone. The section follows: 

In tho nortl~ wall of Van Brermner Canyon· Section of rocks measured at locality 18, in the north wall of 
at locality 18, about· 2 1niles north of locality 17, Vcm B1·emmer Canyon, N. Mex .. 

the rocks from the upper 'part of the Piel~re [For graphic section see PI. v,· p. 56.] 

shale to a point above the base of the Raton ~aton formation: 
fm:mation are well exposed. The zone of lime- Sandstone, yellow, ma.ssive, fine grained ... . 

Ft. in. 

30. 0 
stone concretions that usually occurs in this Shale, drab .. -........................... .. 
field in the upper part of tho Pierre is. here Sandstone, yellowish white, coarse grained,· 

about 100 feet below tho top of this shale, and friable, ma.ssive .. ------------- ·------ ·----
Shale, with thin-bedded shaly sandstone .... 

the concretions contain an unusually large. Sandstone, white to yellow, ma.ssive, fine 
number of iuiunonites, with which are ·asso- grained ................................ . 
cia ted Fasc'iol(tria sp: (U. S. Geol. Survey fossil Shale, yellow to dt'ab ..................... ~. 
locality 6564). - It was not possible, at tho Shale, black, carbonaceous, ·with thin seams 

ti1ne of investigation, to make a full collection of coaL···················----··--------
. l Shale, yellow, sandy ...................... .. 

of these fossils at this loca ity. · Sandstone, white, massive, coarse, quartzose 
The Trinichtd, \~hich is exposed as a: pre- 1 in some places.; locally conglomeratic. _ ... 

cipitous cli.ff at locality 18, consists ?f t':o I 
sandstones separated by shale; as· descnbod 1n Unconformity. . 
several of the preceding sections .. The lower Vermejo formation:. 
sandstone is here only 35 feet thick, a:::; com- Coal. About 75"feet to east the overly-

ing sandstone cuts out the coal and 
pared with 75 to 100 feet farther south. The - rests unconformably on the shale; 100 
shale separ.ating tho tw·o is thicker than. it is feet farther east this coal bed is 32 

5 0 

16 0 
19 0 

3 0 
9 0 

3 0 
12 0 

16 0 

113 0 

in the sections previously described but has inch~s thick .. __ ......... _ ....... : .... 1 5 

47019°-17--6 

.. 
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Vermejo formation-Continued. · · ·· ·'Ft. in. 

Shale, drab to black ........ ,. .......... ~.... 6 
Coal.· ....... .- ........................ . 

Shale, drab, not continuously exposed...... 17 
Coal ........................... _....... l 

Shale, qrab to black ...................... ~. 

Trinidad sandstone: 
Sandstone, containing Halymenites majot 

Lesquereux and Mactra warrenana Meek 

2 

28 

0 
2 
0 
6 
0 

1 

Vermejo formation-Continued. · Ft. in. 

Shale, black............... . . . . .. .. .. .. . . .. . 2 0 
S3tndstone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 
Shale, drab to yellow........ . . . . . . . . . . . . . . . 9 
Sandstone·,· yellowish white, massive, gran-

ular...................................... 14 0 
Shale, brown to "drab· .... :.......... . . . . . . . . . · 5 · 0 

. Coal ............. __ .......... _ . . . . . . . . 1 4 
Shale, brown to black ...................... · 1 6 

93 10 
and Hayden? in topmost layer .... _~_..... 75 0 Trinidad sandstone: 

Shale, yellow to brown, sandy.............. 6 0· 
Sandstone, yellowish white, fine grained, 

thin bedded; contains Halymcnit~s nwjor 
Lesquereux ............................. . 

Shale, brown, sandy .............. __ ....... · 
Sandstone, containing Halymenites major 

2 0 
9-: 0 

Lesquereux ....... _. ........... : ...... ,... 35 0 

Pierre shale: 
T~ansitional zone. 
Shale; fossiliferous. 

127 0 

269 1 

Sandstone, containing Halymenites major 
Lesquereux ............................. : 92 

Shale, brown to yellow, with thin partings of 
sandstone .......................... _. . . . . . 22 

Sandstone, containing Halymery,ites inajor 
Lesquereux.......................... .. . . . 12 

·Pierre shale: 
Transtitional zone. 

·_ Shale. 

126 

0 

0 

0 

0 

229+ 

The Vermejo formation, which is only 28 
:~;.ocALITY 19. feet thick at locality 18, a mile to the west, is 

Thenextsectionlnor.der:alongtheoutcropwas here about 93 feet thick. The rocks consist 
measured on the north slope of the point of the· ·principally of shale. Two coal beds were found 
mesa north of Van BremmerCre(3k at locality 19, at horizons _which indicate that they are the 
about a mile east of locality 18·. The top of the same a~ the beds at locality 18. The upper 
Pierre shale is exposed at the f<?ot of the slope, part of the formation, 55 feet thick, is not well 
but no det~¥8 of it were obtained. The Trini- exposed. · 
dad consists of two sandstones, as described in The Raton formation,. only th~ base ofwhich 
several ·sections farther south, "f?ut at this was examined, consists of hard, coarse-grained 
locality the lower is only 12 feet thick as com- qua~tzose sandstone that is lithologically iden­
pared, with 35 feet a mile farther· west. The tical with · the conglomeratic sandstone 
shale separating the two is 22 feet thick, as described in many other places in the-region, 
compared with 17 feet a mile .to the west and. except that no pebbles were found ill. it. 
with only· 3 feet 2!. miles to th~ southwest 

DAWSON AREA. (locality 17). Howevei', the lower sandstone· 
is identical in character and appearanc·e with Dawson ~s.a mining town in Vermejo Canyon. 
the typical Trmidad of other' localities. The The coal measures 'of the area near it are 
shale between the two sandstones has the deeply dissected and t1;w rocks are well exposed 
yellowish-brown appearance already described. in many places. The coal beds have been 
The upper sandstone is 92 feet thick and is the opened in mines and. prospects, and m1.1.ch 
typical Trinidad sandstone·. that fornis the exact information was obtained from the 
escarpment farther. north. The section fol- records of the Dawson Fuel Co. 
lows: 

Section of rocks measured at local·ity 19, north of Van Bremmer 
Canyon, N. Mex .. 

DAWSON. 

LOCALITY 20. 

[For graphicse~tion sec PL V, p. 56.] 

Raton formation: 

Three miles south of Dawson and about 1! 
miles north of locality 19, a. short ·section in-

n. ~- d eluding the Trinidad sandstone wa·s measure 
Sandstone, massive, coarse grained, hard, 

quartzose .. · .............................. . 
Probable unconformity. -
Vermejo formation: 

Shale, not continuously exposed ........... . 
Coal ..................... ~ ........... . 

10+ 

55 0 
3 0 

at locality 20. The lower sandstone of the 
Trinidad, as described farther south, pr~ctically 
thins out ·at this locality, being probttbly repre­
sented by the 4-:-foot sandstone of the· section 
and ·not being certainly recognized farther 

., 
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north. The shale between it and the higher 
sandstone has the general appearance of that 
described farther south as separating the\ two 
parts of the Trinidad, but at this·'Iocality it 
takes on the character of the transitional rocks 
near the top of the Pierre shale. The lower 
bed of coal in the V crmejo formation was found 
at this loca:lity, but the higher beds were not 
seen, owing to a covering of brush and boulders 
from the overlying conglomeratic sandstone. 
"l"he section follows: 

Ver~ejo formation-Conti~ued. Ft. 1D'". 

Sandstone, white, massive, granular.~....... 35 0 
Covered ........ : ......... : ........... ~ .. :.~.· io · ·o. 

Trinidad sandstone: 
Sandstone, containing Halymenites major Les­
que~ux. The lower 20 feet is yellower 
than the rest, but there is no line of sepa-

80 0 

'·. 

ration................................... 95 0 
Pierre shale: 

Transitional zone. 
Shale. 

479 4; 

Sect·ion of rocks measured at locality 20, abottt 9 miles south 
, of Dawson, N. },fex. 

The Vermejo formation at locality 21 is about. 
80 feet thick, but few details of it could be ob~ 
tamed. Co a} "blossom" was found near -the 

Ft. in. 
. pror graphic section see Pl. V, p. 56.] 

Vcrmcjo formation: bas~ of the formation, but no measurement of 
Coal, dirty ........................ · ... . 

Shale, sandy .. · ... • ....... ~ ................. . 
'I' . . l d ?-'\.''----., nn LC a sandstone: ·"' ':\/ 

Sandstone, massive, without partings of any 
kind; contains IIalymenites ·major Lcsq~1e~ 

1 
3 

6 the coal bed could be made. However, a coal 
0 bed _supposed to be the lowest was opened near 

this locality several years ago, and is shown by 
the records·in possession of .the Dawson Fuel 

o Co. to vary in thickness from 3 to 6 feet. 
A 35-foo.t sandstone above this lower coal bed 

reux .................. • ...... :........... 80 
Shale, yellow, sandy; w:ith layers of sand-

stone..................................... 20 
Sandstone ....................... ·. . . . . . . . . . ,. 4 

PietTe shale: 
'l'ranstitiqnal zone. 
Shale. 

~ resembles very closely the sandstone found in 
the lower part of ··the Vermejo formation in 
Ponil and Cimarron canyons, where it was de-

108 6 
LOCALITY 21 •. 

In Lacy Canyon, south ofDawson, an att~mpt 
was made to examine the coal-bearing rocks 
11t locality 21', ab01,.1t 1! miles north· of locality 
20; but although some of the rocks are well 
exposed the V ermej o bods are badly covered 
with stu·face debris. The lower part of the 
Trinidad described at several localities farther 
south is not recognizable here. The thin sand­
stones and shale at the base of the Trinidad 
are yellowish brown and evidently represe3nt 
the shale that separates the two parts .of tllis 
formation farther south. The section follows: 

Section of rocks measured at locality 21, about 1<} miles south 
of Dau.·son, N. Mex. 

scribed as probably equivalent to the upper 
.part of the Trinidad sandstone. It is massivet 
white, and granular, and it weathers readily. 
Sandstone ~f similar character was noted .in 
many places throughout the Raton· Mesa re­
gion, and in this region occurs only in the V er­
mejo formation. A coal bed probably e~ists 
above this sandstone in the Vermejo formation 
corresponding in position with the principal 
coal of the localities on either side· (Pl. V), but 
it was not found. . 

[.For graphic section see PJ. V, p. 56) 

Ita ton formation: 

The top·.of the Vermejo formation is not so 
eas"ily determined at this locality as it wa~ far­
ther· f;;Outh. A 12-foot sandstone above the 
undoubted.Vermejo bed's is similar in some re..: 
spe«?ts to the ·conglomeratic ~andstone that 
usually occurs at the base of the Raton forma~ 

Ft. in. tion, but no pebbles were found in it, nor was· 
any conglomeratic sandstone observed at ~ 
higher horizon. The rocks above this sand~ 
stone ha:ve the yellowish color characteristic of 
the Raton formation. A coal bed of consider­
abie thickness, lying 147 feet above the s~p: 
posed base of the Rat<?n, correspond~ in a gen-' 
eral way to coal beds at localities 10 and 17 to 

Sandstone, yellow, massive.... . . . . . . . . . . . . . :I 20 0 
Covered. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 · 0 

Coal.................................. 2 4 
S_hale, sandy, n<?t continuously exposed..... 17 o 
Sandstone, with partings of shale ............. 107 0 
Sandstone, yellow, shaly. ... ... ... . . . . . . . . . . n · 0 
Sandstone, coarse grained, massive, quartzose 12 0 

Probable unconformity. 304 4 ·the south and 25 to the north; but all arc too 
Vermcjo formation: === little known to permit exact correlations. 

Shale, ycl1qw, sandy, not continuously ex- Above this upper bed of coal the rocks coli-
posed................................... 35 o sist· mainly of the hard massive sandstone .. that 
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forms more or less conspicuous cliffs throughout 
the Raton Mesa region: 

LOCALITY 22. 

In the west wall of Vermejo Canyon, about a 
mile northwest of Dawson and about 2 miles 
north of .locality 21, the rocks were examined 
:and a section of the Vermejo fo·r~ation meas­
-ured (locality 22). The upper 70 feet of the 
Trinidad sandstone is exposed beneath 150 feet 
·or more of the Vermejo for1nation overlain by a 
~onglomeratic sandstone. The higher rocks are 
not well exposed. The section follows: 

.Section of rocks measured at locality 22, iJn the south wall 
of Vermejo Canyon, about 1 mile northwest of DaJvson, 
N.Mex. 

[For graphic section see Pl. V, p. 56.] 

Jtaton formation: 
Sandstone, coarse grained, quartzose, locally 

Ft. in. 

conglomeratic .......... ~ ........... :. . . 10+ 
. Unconformity. 

Vermejo formation: 
Shale, with thin beds of .coal not continu-

ously eX: posed ..... ~ ................ : . . . . . 38 0 
Sandstone, yellow, massive ......... _.~...... 12 0 
Shale, drab .......... · .. , .. ·. . . . . . . . . . . . . . . . . 5 0 

Coal. ................................. 1 0 
Shale, drab to black~ .... : .............. .'... 2 . 0. 
Sandstone, yellowish white, massive, friable. 6 0 

Coal................................... 1 · 0 
Shale.·.................................... 4· 0 
Sandstone, white, massive, friable.......... 23 0 
Shale, black ............ ·. . . . . . . . . . . . . . . . . . 5 

Coal. ................................. 2 ·4 
Shale-.......... ' ..... · ............... ~ . . . . . 4 0 

Coal................................... · 1 0 
Sha_le, black, carbonaceous................. 2 0 

at that locality. Abo.ve it lie two coal beds, 
which. are appar~ntly thinner at the sUrface, 
where the measurements were made thari. they 
are bac_k from the outcrop. One of them was 
found to be 3 feet thick a few hundred feet far­
ther south. They are probably to be corre­
lated with those holding a· similar position far-

. ther south and also with those at localities 23 
to 25. (See p. 86.) 

The upper part of the Vermejo formation is 
not so 'Vell exposed as the lower part. Some in­
dications of coal but no thick beds were found. 
This· seems somewl).at singular wl;len the section 
is compared with that at locality 25, less than a 
mile to the ea_st, where a 4-foot bed of coal oc­
curs near the . top of the V ermej o formation. 
On the one hand, it is,/pQssible -that this bed is 
represented by~- thin 'stfa'm of coal not here re­
corded; and, on the other hand, it is possible 
that this bed ~as eroded away pr~vious to the 
deposition of the conglomeratic sandstone. at. 
the base of the Raton formation. 

The basal sandstone of the Raton is well 
·developed. At localities 20 and 21 no pebbles 
were found in this sandstone, but. here siliceous 
pebbles up to one-fourth inch in diameter were 
.found in small pockets near the base. The 
sandston_e is massive, coarse grained, quartzose, 
and lies with uneven base on the shale of the 
Vermejo formation. It is only -10 feet thick 
where the section was measured, but it reaches 
40 feet a little farther south. Its under sur­
f~J,ce is covered 1n some places with peculiar 
markings resembling worm borings, and these 

Trinidad sandstone: 101 9 • same markings. were found on the under side 
Sandstone, containing Halymenites major 

Lesquereux .......... ·.·.::. ~ ............ . 70+ 
=== 
181+ 

The lowest-bed of coal in the Vermejo, which 
is 3 to 6 feet thick ·farther south is probably 

· represented here by the two thin beds of 
coal separated by 4 feet of shale. The thick­
nesses given in the section are from surface 
measurements, and probably show less coal 
than really exists. In an old opening on this 
bed, a few hundred feet farther south, the coal 
is 6 feet thick. Sheridan 217 states that in the 
developed ·area of the Dawson mines this coal 
bed ranges in thickness from 6 to .11 feet. 

.The white friable sandstone described from 
locality 21 occurs in this section abovethe low­
est bed of coal and is a little thinner than it is 

of the basal conglomerate at Koehler, Van 
Houten, and other places where the conglom­
erate rests on beds of coal. 

LOCALITY 23. 

Another ;3ection of the Vermejo formation 
was measured in. the west wall of. Vermejo 
Canyon at themouth of a small gulch known 
as Cook Canyon, one-half mile north of locality 
22. The top of the Trinidad sandstone . is 

·exposed, and the overlying coal beds have been 
opened. The measurements given in the fol­
lowing section were made in the prospect 
openings.- Coal is mined near this locality on 
both -sides of the canyon. The upper part of 
the Vermejo fo~mation is not so well exposed 
as the lower part, and, although a thin bed of 
coal was observed in it, there is little chance 
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thn.t it includes 11 thick bed such as was found 
at locnlity 25. (See p. 86.) The basal sand­
stone. of the Raton formation is well repre­
sented nnd has the same character as the con­
glomerate at locality ~2. The section follows: 
Sect·ion of rocks measured. at locality 23, about 2 miles north­

. ·west of Dawson, N. · Mex. 

lowest sandstone may be the· sandstone above 
the lowest coal, which at locality 21 is 35 feet 
tluck and at locnlity 22 is 23 feet thick. It is 
so nem:ly like the Trinidad sandstone that the 
difference could scarcely be detected in. a drill 
core. If the sandstone is the one above the 
1owest coal the Verinejo formation woulcl 

[.For graphic section ~co l'I. V, p. 56.] 

H.aton formation: 

appear to thic~en toward the northwest as it 
Ft. in. should ·do . in view of the fact that, at the 

Sandstone, massive, quartzose; locally con-
glomeratic .......... · ......... ·............ 12 

mouth of Salyei'S Creek, about 5 miles up-
0 stream from Stout· Canyon, the formation is 

:::::;==== about 200 feet thick (section 122, Pl. XVII). Unco,lformity. 
Vermejo formation: 

Shale nnd sandstone, not continuously ex-
posed; 2 inches 'of coal near the top ..... . :n. 0 

Shale, with thin layers of sandstone ........ . 15 0 
Sandstone, white, granular.· ............... . 23 0 
Shnle ..................................... . G 

Coal.~ ............................... . 2 0 
Shnle ..................................... ·. 7 0 

Cottl ................................. . 1 8 
Shale, with thin beds of sandstone ......... .. H 0 

Coal ................................. . 2 4 
Shale .................... · ............. . 2 0 
Coal ................ · ................. . _2 0 

Slutlc ..................................... . 4 .o 
Trinidad sandstone. 

110 6 

122 6 

For a considerable distance above the basal 
conglomerate the rocks are principally shale, 
above which lie massive cliff-making sand­
stones. These contain fossil plants, but few of 
them were collected near Dawson~ Near the 
mouth of Stout Canyon blocks of conglomeratic 
sandstone, well up in the sides of the canyon, 
may have been carried there by streams before 
the canyons were. as deep as they are now, but 
it seems more probable that they were derived 
'from some bed in the cliff-makir!g sandstones 
at a horizon COITesponding to one of the upper 
conglon1m·ates of the Cimarron Canyon re·gion, 
n.bout 15 miles to the southwest. 

LOCALITY 23a. 

A diamond-drill hole, bored several years 
ago in Vermejo Canyon at locality 23a, near 
the mouth of Stout Creek, passed through a 
considerable thickness of the Raton formt1tion, 
including the basal conglomerate, n.nd pene­
trated well jnto, if not entirely· through,· the 
VerBlejo forn1ation. A gray sn.ndstone at the 
bott01n of the hole is supposed to be the 
'l'rinidad sandstone; and the cm1l near ·the bot­
tmn to be the main bed at the bnse of the V er­
mejo·. (See Pl. ·XVII, p. 142.) How~ver, this 

The rocks penet~ated by th~ drill are as follows: 
Record of a diamond-drill boring ai locality 23a in V ermejo­

. Canyon, about 4 miles northwest of Da~son, N. Mex. 

[For graphi<; section see PI. .xvn,.p. 56.) 

Raton formation: 
S'urface debriR ............................ . 
Shale ...................................... . 
Shale, sandy, and ironstone ................ . 
Sandstone, white ......................... . 
Shale, gray ...................... , ........ . 
Shale, sandy: ............................. . 
Sandstone ............................ : ... . 
Ironstone ............................. · ..... . 
Sandstone ................................ . 
Ironstone .................................. . 
Sandstone, gray, wit·h hard ironstone concre-

tions ................................... . 
Ironstone ........................... ,~ ..... ~ 
Shale, gray, soft .............. · ........... :. 
Sandstone, gray ........................... . 
Ironstone, green ........................... . 
Shale, drab, .sandy ........................ . 
Sandstone, gray, dark pebbles in the central 

part ............ · .... · ................... . 
Ironstone ........................... · ..... . 
Sandstone, hard, containing black pebbles .. 
Ironstone ......... · .... :, .................. . 
Sandstone, drab,·.shaly ................... : . 
Sandstone, gray, coarse grained, with streaks 

of black ironstone and gray shale; contains. 
pebbles and particles of coal near the base. 

Vermejo formation: 

Ft. in_ 

14 () 

2 {)l, 

5 () 

8 () 

18 ()I 

2 ()I 

3 ()I 

2 () 

7 0 
3 

5 !]\ 

5 2: 
29 0 
7 0> 
1 0> 

12 0 

14 ·() 

6: 

2 '& 
9:' 

4 3 

16 (lt 

159 2 

Sandstone, gray, fiiie grained ............... . 
Shale, drab, black at. base ................. . 

16 .()1 

7 () 
Coal .................................. . 

Shale, drab .......................... ~ . . . .. 1 
Shale with ironstones ............ ,.......... 20 
Sandstone, gray ..... :. . . . . . . . . . . . . . . . . . . . . 3 

Coal, ... · ......... , ...... ·.............. 1 
Shale ....•... · ................. _.............. 6 

Coal, bony _in some places .............. ·. 4 4 
Shale, sandy, with ironstone concretions.... ·n () 
Sandstone, gray ...... ~ . . . . . . . . . . . . . . . . . . . . 20 ~ 

92 () 

251 2 
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Sabdl? iUngeri· (Lesquereux) Knowlton, Oin­
namomum· ·z~n~fo.lium Knowlton, and Dryophyl­
Zum. 'nioo·r~i '· (Lesquere':J.x} . Berry were ·found 
~}tJ !locality 23·a near the base. of the Ratpn 
iBtmtYtlHn (0: s.' Geol. Survey fossil locality 
·5~~1'} .. 
j ~- H.f LOCALITIES 24 AND 25. 
,;; ; 

.In .the north wall of Vermejo Canyon, oppo­
site locality 22, a section ·was measured from 
the river to the top of the mesa at loGality 24. 
However, the Vermejo formation is better 
exposed about' one-fourth mile farther down 
stream, at locality 25, where the de.tails of this 
·formation presented in the fol}owing ·section 
were obtained: 

Section of rocks measured at localities 24- and 2S, in the north 
· wall of Vermejo Canyon, about 1 mile north.- · 

west of Dawson, N. }.{ex. . · 

Only the top of the Trinidad sandstone is 
exposeq at the base of the section. The 
principal coal bed lies a few feet above the 
Trinidad ·and is 5 feet thick at locality 25 and 
6 feet thick at locality 24. Sheridan 217 states 
that this· bed, where developed. in the Dawson 
mines, ranges in ·thickness from 6 to 11 feet. 
At locality 24 sever~l species of fossil plants 
_occur about 25 feet above the. base of the Ver­
mejo (U. S. Geol. Survey fossil locality 5153). 
They a;re poorly preserved, and only Sequoia 
obovata Knowlton was definitely identified. 

The upper 70 feet of the Vermejo at locality 
24 ·appears at the surface to ·consist principally 
of shale wit_h thin beds of coal near the top. 
At locality 25 cons_iderable sandstone was 
found' with the shale, and a 4-foot bed of coal 
occurs ilear the top. 

The layer of sandstone, which at locality 24 
is· p·robably the base of the Raton formation, 

Ft. in. is o~ly 2 feet thick but is hard, coarse grained, 
Sandstone, coarse, massive, cliff matking- - · · 125 · 0 and quartzose. At locality 25 this sandstone 
Sandstone, shaly · · · · · · · · · · · · · · · · · · · · · · · · · · ·- 20 0 is 5 'feet or more in. thickness and, in addition 
Sandstone, massive .......... ·.............. 35 0 

[For graphic section see Pls. V, p. 56, and X, p. 108,] 

Raton formation: 

Sh I bl k 'th th' f 1 6 o ·to being coarse grained and quartzose, con-a e, ac , Wl 1n seams o · coa ... ·.... . 
Shale and shaly sandstone ............ ,..... 16 0 tains small pebbles of quartz and larger pebbles 
Sandstone, massive, cliff making. . . . . . . . . . . 10 0 up to half an inch or more in diameter of rela­
Shale, with thin seams of coal.··~·-·-·- · · · : · · 60 0 tiv~ly soft sandstone such as is found in the 

Coal. · '"· · · · · · · · · · · · · · : · · · · · · · · : · · · · · · · 2 3 d l · · k f th V · . 
Shale ............... ·................... 1 . 2 · un er png roc s o e ermeJO. 
CoaL................................. 1 5 The Raton formation consists ·principally of 

Shale, carbonaceous in some places; and with shale for about 175 feet above the basal con-
thin beds of impure sandstone............ 75 o glomerate, and a coal· bed. of considerable 

~ thickness occurs about midway of this shaly 
portion. Still higher the· rocks are principally 
hard, massive, cliff-making sandstone that 
forms ·a steep escarpment. 

Sandstone, massive, cross-bedded........... 8 
Shale, with sandstone nodules ....... · ... ~ ... ~ 
Sandstone,· ilTegular, mainly soft, friable, sur-

face weathers caverl}ous ......... :. : . ... . 
Sandstone, conglomeratic .................. . 

Unconformity. 
Vermejo formation: 

Shale, buff-colored .............. : ... : .... . 
Coal ..................... · .... · ........ . 

Sandstone, white, friable, wi~h thin beds of 
shale ................................... . 

Shale, black, carbonaceous ............... . 
. Shale, buff-colored ....................... . 
Sandstone, white, friable ................. . 
Sandstone and shale, buff-colored ......... . 
Shale, buff-colored ....................... . 
· Coal .... · ............ ~ .......... · ...... . 
Shale and sandstone ........... · ............ . 
Sandstone, white, granular ................ . 

Coal .................................. . 
Shale, buff-colored ....................... . 

Trinidad sandstone. 

8 

18 0 
5+ 

390+ 

5 0 
4 0 

17 o· 
1 0 

14 0 
5 0 

12 o· 
5 0 
1 8 

10 0 
8 0 
5 0 
3 0 

90 8 

481+. 

No measurements were made at the surface 
in Rail Canyon, north of Dawson, but the 
record of an air shaft 201 feet deep, sunk to 
mine No. 2 of the Dawson Fuel Co. about 2·t 
miles north of the town, was .obtained. 

Section of rocks penetrated by an air shaft for Dawson mine 
No. 2 in Rail Canyon near Dawson, N. ~/lfex . 

Raton formation: Ft. in 
Surface debris ............ .'................ · 9 0 
Sandstone, gl-ay to yellow ................. . 

.. Shale, black ............. 1 .• ~ .••••.••••••• 
Sandstone, white ................... · ...... . 
Shale, gray ........................... · ..... . 
Sandstone, yellow ................... · ...... . 
Shale, black, with ironstone ........ ' ....... . 
Sandstone, white, hard. : .... , ............. . 

i4 6 
9 7 
3 4 

19 3 
'13 8 
14 10 
21 3 

105 5 
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Vermejo formation (?): Ft. in. V ermejo formation-Contim :ed. Ft. in. 

3 Sl 1 · 4 0 Shale ................. - ...... - - - - . - - .. - - -1a e, gray ...•. -----·----·····-··-········ C 
1 

1 o 0 

Sandstone, red ...................... - . - - - - 6 5 oa - - · · · · · - · - - · · · - - - · · · - - · · · · · - · · · · · · 
.Shale, gray, sandy......................... 19 1 Shale, drab to black ................ ---..... -__ 3 __ o 
Samls~one, gray, hard ....... - ·- · · · · ·- · · ·-- 11 0 88 

Shale, gray, sandy ........ :................ 5 7 Tfinidadsandstone ............................. 110 
Sandstone, light-colored ................ --.. 33 G 

7 
0 

Bone ................................. -··· 1 6 
Shale, gray ............................. - .. 
l3one ............... - .... · . - - · - · · · · · · · · · · · 

Coal ................. -:.-············.· 

7 
1 
6 

95 

6 
0 
0 

7 

201 ·o 
The coal at the bottom of the shaft is obvi­

ously the lower bed of the Vermejo, .for it is 
the coal developed in the Dawson n1ine. The 
hiO'her or 4-foot bed of coal of locality 25 was 
not found. Nothing in the ~·ecord indicates 
where the top of' the Vermejo occu~s, hut a 
comparison of the section with that measun;~d 
at localitv 25 indicates that. the line between 
. the Ver~ejo and the Raton formations m_ay 
perhaps be drawn at the.base of the hard wh1te 
sandstone 21. feet 3 inches thick about 95 feet 
above the bott01n of the. shaft. · 

LOCALITY 26. 

A section was meas1u·ed at locality 26, south­
east of Dawson, about 2 miles from locality 25. 
This point of the· mesa is very precipitous. 
The Pierre shale occupies the lower 200 to 300 
feet of the slope and the 'l'rinidad sandstone 
fm·1ns a cmispicuous white cliff. Above this 
cliff the relatively soft rocks of the Vermej o 
fol'lnation form a slope that is 1nore or less 
coyerect. with sui·face debris, and above these 
the luud basal sandstone of the Raton forma­
tion forms a second cliff less prominent tl~an 

· the 1'rinidacl. The following section was 
measured: 
Section of ·rocks m,ea,;ured at locality 26, about 2 1niles east of 

Dawson, N. Jiex. 

Transitional zone. 
Shale. 

,. 218 7 

The main coal bed at the ba~e of the Vermejo 
is thinner at this locality than was anticipated, 
in view of the fact that a prospect opening in 
the west sldpe of this point showed 5 .feet 4 
inches of coal and another in the east slope 4 
feet 2 inches. The basal sa-ndstone of the 
Raton formation is hard, quartzose, and other­
wise similar to other occurrences of the forma­
_tion, but no peb.b'les were fonnd in it at this 
locality. I-Iowevor, it is the same sandstone 
that is conglomeratic at localities 22 and 25, 
for, although it is not everywhere conglomer­
atic, it is readily traced along tho outcrop and 
there is little chance of mistaking its identity. 
The higher rooks wer~ not examined. 

SALTPETER CREEK . 

. In no place in the .Raton :Mesa region_"is the 
Trinidad sandstone more CO~lspiCUOUS than it 
is in Spring and Saltpeter c~1.ny.on~. In ~nit­
peter Canyon, on the east side of tho ndge 
separating it from Spring Canyon the small 
cliff above the conspicuous white Trinidad cliff 
(see Pl. II~, p. 38) is apparently formed by the 
basal sandstone-of the Raton fonnation (as was 
a similar cliff at locality-26). The rocks, how­
ever, were not examined in detail. 

SALTPETER MOUNTAIN. 

LOCALITY ·27. 

Saltpeter Mountain is an outlier separated 
from the main body of the mesa by Saltpeter 
Canyon and by a gap north of the mount~tin 

[For graphicsoctionsco ]>I. v, p. 56.) connecting Saltpeter Canyon with the plams 
:Raton forma.tion: :Ft. in. to the east. SectioR 27 was measured on the 

Sn.ndstone, massive, friable at the ba:se; f 1 r 
coarse graine~ and quartzose near the top .. · 20 o east slope about 3 miles southeast o oca 1ty 

Unconformity. 26. The section follows: 
Vermejo formation: Section of rocks nwasured ·at locality 2'7, in the east slope of 

Coal. · · · - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 9 Saltpeter Mountain. 
Shale, drab to yellow, 'yith partings of shaly, 

yellow sandstone .... ,; .............. - ... . 
· Coal ............... -.-.- ... ·--·-······ 

57 0 [For graphic section soo PI. V, p. 56.] 

1 6 Raton formation: Ft. in. 
Shale, drab ............................. -.. . 

Coal ........................ -.----·-·· 
7 0 Sandstone, coarse grained,· cross-bedded .... 20+ 

10 Unconformity. 
Shale, black .............................. . 1 0 Vermejo formation: 
Sandstone, white, granular, friable.- ...... ·,: 11 0 Coal ..... , ................................ 4 6 

Coal .. , .......... : ......... ·--·--····· 2 6 Shale .•.................... ~ ............... 5 0 
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Vermejo formation-Continued. Ft. in. 

-Sandstone, coarse grained, white............ 8 0 
Section of rocks measured at locality 28, south of Turkey 

Creek, N. Mex. 
Coal.................................. 6 
Shale.................................. 8 

[For graphic section see PI'. V, p. 56.) 

CoaL ..... _ ... _ .... _ ..... :-.... _....... 4 _Raton formation: , 
Shale, ................ __ . __________ . __ . __ .. 10 0 Sandstone, cliff making ................... . 

8 Shale ................................... . Coal, shaly ............ , ............... . 
Shale ..................................... . 5 

34 
Trinidad sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Pierre shale: 

Transitional zone· .and shale, fossiliferous 
(5606) ............ _. ............... ~ ..... 400+ 

554+ 

0 Coal ................................. . 
Shale, not continuously exposed ........... : 

8 
0 

Coal .... ~.: .................... ____ . __ 
Sandstone and shale,· not continuously ex-

posed .................................. . 
Sandstone, yellow, thin bedded .. · ........ . 
Sands~one, yellow, massive .............. . 
Shale, carbonaceous ................... · .. . 
Sandstone, yellow, massive, fine ·grained, 

quartzose,~ with streaks of very coarse 

Ft. in. 
100+ 

3 0 
1± 

35 0 
2 0 

40 0 
7 0 

12 ·0 
3 0 

About 400 feet of the Pierre shale is well 
exposed. Fossiliferous limestone ·concretions, 
from which Inoceramus sagensis Owen and 
Placenticeras sp. were collected (U. _ S. Geol. 
Survey fossil looality 5606), occur 100 feet or 
more from the t<>p. The thickness of the 
-Trinidad sandstone was estimated at 100 feet. 
No thick- bed of coal was found near the base . 
of the Vermejo at the horizon where the main 
coal of the Dawson area occurs. This bed 
seems to be rep res en ted here by one of the 
thin beds found near the base of the formation.· 
The thick bed of coal at the top of the V errnejo 
is apparently to be correlated with one of the 
thin beds above the main coaf of the Dawson 
area. (See sections 22 to 26, Pl. V, p. 56.) 

sand.................................... 10 0 

TURKEY CREEK. 

LOCALITY 28. 

The· side of the mesa is precipit<>us at local-

Unconformity. 
Vermejo formation: 

. Shale, not continuously exposed ... _ ........ . 
Coal .... · ................. _._ ..... _._ .. _. 

Shale, drab .......................... ~· .. . 
Sandstone, white massive, coar.se, friable ... . 
Sandstone, white, massive, with partings of 

shale·_ ............. ·.-: .... -:--.............. . 
Shale; drab ............................. . 
Sandstone, yellow, hard .................. . 
Shale, drah to black, carbonaceous at top .. . 
Sandstone,· brown, hard, massive ......... . 
Shale, with'partings of sandstone .......... . 

Trinidad sandstone: 
Sandstone, containing Halymenites . major 

Lesquereux and invertebrates .......... . 
Pierre shale: 

Transitional zone. 
Shale. 

213± 

21 0 
4 10 
9 0 

18 0 

19 0 
4 0 
1 0 
4 0 
1 6 

70 

89 4 

SO+ 

382 

Ity 28, near the point of the mesa south of The Vermejo formation -at -this locality con­
Turkey Creek, 3 miles northeast of locality 27. tains one thick bed of coal, which is probably 
The horizontally bedded rocks, from, the Pierre to be ·correlated with the coal of locality 27. 
shaletothecliff-rriakingsandstonesoftheRaton Carbonaceous shale near the base may repro­
formation, are well exposed. No detailed sent the lowest coal bed of the Dawson area, 
observations w_ere made on the Pierre shale. but no coal was found in it. Thin beds of 
The base of the Trinidad sandstone is not ex- coal were found at this horizon at localities 27 
posed, but the formation is more than 80 feet· and 29, and the apparent absence of coal here 
thick and contains the characteristic fossil may be due to poor exposures. 
fucoids. The base of. the Raton formation is not con-

Two species of invertebrates, Inoceram~s glomerate at locality 28. The sandstone which 
sagensis Owen and Mactra warrenana Meek probably constitutes the base is tnassive and 
and Hayden. (U. S. Geol. Survey fossil locality. ·quartzose like the basal sandstone at other .lo-
6566) were. found in blocks of sandstone that calities, but it is rather fine grained. However, 
apparently came from_ the upper part of this in this fine-grained tnass are irregular fnasses 
sandstone. The section follows: of coarse sand, which hav:e the general aspect 
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of th~ pockets containing the pebbles in places 
·where the rock is coarser grainecl. 

Two beds of coal were fotmd between this 
quartzose sandstone and the cliff-making sand­
stones at the top of the section. No special 
consideration was given to these beds in the 
field, but when the sections were plotted to the 
same scale and con1pared (see Pl. V, p. 56) 
these coal beds were found to correspond in a 
gener-al way with those observed in several 
other places. 

KOEHLER AREA. 

makes it rational to attribute the thinning at 
this locality to this cause. The correlation of 
the 1nain coals with the thick bed described 
farther to the south, and also with a still thicker 
·bed found farther to the north, is strengthened 
by the known continuity of the be~l in Curtis 
Canyon,. where is has been, prospected and 
found to have an average thickness of about 
6 feet. North of locality 29 it. thickens. 
About a 1nile to the north it contains 6 feet 10 
inches, and at locality 30, 9 feet of coal. The· 
section follows: . 

At Koehler is situated one of the large mines · Section of rocks measured at locality 29, -nOrth of Curtis Creek, 
of the St. Louis, Rocky :Mountain & P~cific . · N. Mdx. 

Coal Co. Altho_ugh tlie coal measures are not [For graphic section sec PI. v, p: 56.) 

so well exposed in this area as they are·in son1e Raton formation: Ft. in. 

other places, the relation of the Vermejo to the Sandstone, yellow, massive, fine grained. . . . 20 
Raton formation is conspicuously shown. The Covered ...................... .'............ 55 

. basal conglmnerate of the Raton is thick, Sandstone, yellow, massive, fine grained. . . . 10 
coarse, and well indurated and for1ns a prmni- Shale, sandy······························· 16 

C<:ial ................................. . 
nent cliff. In son1e places it lies unconform- Sandstone, thin bedded, alternating with 
ably on the Vermejo forn1ation, and in other yellow sandy shale...................... 38 
-places it transgresses the Vern1ejo and rests on Shale...................................... 4 

the Trinidad sandstone. CoaL--.·- ... -- ...................... . 

CURTIS CREEK. 

LOCALI_TY 29. 

. A section extending frmn the top. of -the 
Pierre shale to the cliffs at the top of the mesa 
was 1neasured at locality 29 in the prmninent 
point between the forks of Curtis Creek, 2 miles 
northeast of locality 28. The Pierre shale and 
Trinidad sandstone are ~haracteristically de­
veloped. A thin heel of coal was found at th~ 
base of the Vei~mejo formation at the horizon 
occupied by the main coal developed at Daw-. 
son. A higher bed of impure coal 1nay be one 
that is not represented farther south, or it may 
be the equivalent of the thick bed found at 
localities 27 ancl.28, although it is considerably 
lower in the section. The measurements of 
this section; like those of 1nost of the oth~r sec­
tions given in· this paper, were n1ade at the 
surface and are subject to ·slight correction. 
In 1nany places where ~oft shale is o~erlain by 
harder rocks these tend to creep downward in 
the steep sides of the nlesa, thus making the 
shale appear thinner than it really is. This 
1nay possibly explain in part the apparent thin­
ness of the Vel'lnejo for1nation~nly 43 feet­
in this section. On the other hand, the fact 
that in other places differences in thickness of 
this for1nation are known to be due to erosion 

Shale, drab ....................... _ .......... · 1 
Sandstone, massive, fine grained. .. . . . . . . . . . 3 
Shale, drab to yellow .......... :. . . . . . . . . . . . 4 

Coal ................. :................ 1 
Shale, not continuously exposed... . . . . . . . . . 37 

Coal................................... ·1 
Shale, yellow to ~rown:.................... 10 
Sandstone, massive, coarse grained.......... 25 
Sandstone, thin b-edded, an!) sandy shale, 

not continuously cxppsed. . . . . . . . . . . . . . . . 27 
Sandstone·...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5 
Shale....................................... 12 
Sandstone.................................. 12 
Covered ....................... _............ 10 

Unconformity. 
Vermejo formation: 

10 

302 

· Shale, brown to black ... ~. . . . . . . . . . . . . . . . . . 12 
Coal ................................. . 

Shale, black~ carbonaceous .................. . 6 
Coal ........... : ................ · ..... . 
Shale, brown to black ................. . 
coal .................................. · 

Shale ...................... ~ .............. , 10 
Sandstone, yellowish white ........... , .... , 6 

. Coal, .bony ......... · .................. . 
Shale, brown·to black,..................... 6 

43 
Trinidad sandstone.......... . . . . .. . . . . .. . . . .. . . 77 
Pie~·re shale: 

Trapsitiona.l zone. 
Shale. 

422 

0 
0 
0 
0 
8 

0 
0 
6 
0 
0 
0 
0 
0 
5 
0 
·o 

0 
0 
0 
0 
0 
0 

7 

0 
8 
0 
8 . 

6 
8 
0 
0 
6 
0 

0 
0 

7 
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No conglomerate was found at the base of 
the Raton formati9n, but the sandstone sup­
posed to constitute the base is hard and quartz­
Qse. like the undoubted basal sandstone at 
other localities. The coal beds found well up 
in the section correspond in a general way to 
the coal beds farther south that have been 
described as oc<;urring in the Raton Jorma.tion 
between the basal conglomerate and the over­
lying cliff-making sandstones. 

LOCALITY 30. 

Section 30 was measured in the south .side' 
of the point of the mesa north of the north 

. fork of Curtis- Creek, about 2 miles ~ortheast · 
. of locality 29, which it sypplements to some 
extent, as in it no doubt exists as to the base 
of the Raton formation. The Vermejo forma­

. tion is less th'ari 50 feet thick and contains one 
thick bed of coal and one thin bed. ·The sec-
tion follows: 
Section of rocks measured at locality 30, north of North Fork 

of Curtis Creek, N. Mex. 

[For graphic section see Pl. V, p. 56.] 

Raton formation: 
Ft. in. 

one species, Palaeoaster inquirenda Knowlton, 
which was very perfectly preserved, was col­
lected. This fossil was found in slide rock 
apparently about 50 feet above the base of the 
Raton· formation. A landsli.de at this point 
obscures the relations. 

';['he thick bed of coal in the Vermejo forma-· 
tion has been traced along the outcrop for a 
considerable distance on either side of .this 
locality and opened in several places. In W al­
dron Canyon, 1! miles .northwest of locality 
30, the coal is 8 feet thick and the shale inter­
vening between it and the basal sandstone of 
the Raton .formation is 'only 5 feet thick. 
Between thi'S point and locality 31 the coal 
rap.ges in thickness from 7 feet to nearly 9 feet.' 

KOEHLER. 

LOCALITY 31. 

At locality 31, on the first prominent point 
of the mesa south of Koehler, the Pierre shale 
and Trinidad sandstone are well exposed. The 

. main bed of coal, 9 feet thick,. is 18 feet above 
the top of the Trinidad. The sandstone 5 feet 
above the top of. this coal is conglomeratic and 
lies unconformably on the shale that separates Sandstone and shale; several hundred feet. 

Sandstone, massive, coarse grained, base ir-. 
regular.................................. 53 

Unconformity. 
V ermejo formation: 

Shale, with layers of thin sandstone and iron-' 

0 
it from the coal. A few -specimens of Sequoia 
reichenbachi (Geinitz) Heer (U. S. Geol. Survey 
fossil locality 5811) were found at the surface 
in such a positio"n as to indicate that they 

stone no.dules ............ :............... 18 
Coal .......... :....................... 9 

Shale, buff-colored ...... · .................. ' 7 

o probably came. from the Vermejo formation. 
0 The se<;tion follows: 
0 

Coal ................................ :. 6 Section of rocks measttred at locality 31, south of Koehler, 
· N.Mex.· Shale ...... :............................... 1 

Sandstone, white, granular ............... " . . 9 
Q 
0 [For graphic section see Pl. v,· p. 56.] 

Shale, buff-colored .... ·................. .... 5 0 Raton formation: . 
Ft. in. 

---
49 6 

Trinidad sandstone ..................... ·. . . . . . . . · 90 0 
Pierre shale: 

Sandstone, conglomeratic, coarse grained, 
quartzose, containing siliceous pebbles up 

.0 

Transitional zone .. _ ....... : ............... .'. 25 

to 1! inches in diameter..... . .. . . .. . . .. . . 28 
Unconformity. 

Shale. 
0 Vermejo' formation: 

=
2
='=
1
=
7
==

6 
Covered. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

The base of the Raton consists of a thick, 
·coarse-grained, massive sandstone tha,t forms 

. a conspicuous bluff and rests with uneven base 
-on the shales of the Vermejo formation. The 
diff-n1aking sandstones at the_ top of the mesa 
are con~picuously exposed at this locality, but 
the shales underlying them are covered with 
rock debris, and the section above the 53-foot 
sandstone was not measured. The rocks a few 
feet above it contain fossil plants, but only 

Coal ................ ·.................. 9 
• Shale, not co,ntinuously exposed ...... ·...... 18 

32 
Trinidad sandstone ..... :....................... 80 
Pierre shale: 

TransitionaJ zone. 
Shale. 

LOCA~ITIES 32 TO 35. 
140 

0 
0 
0 

0 
q 

0 

Four sections of the Vermejo forination were 
n1easured near Koehler and can best be 
described together. The main workings of the 
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Koehler mine lie.between localities 31 and 32, 
south of the southern branch of Crow Canyon, in 
which Koehler is situated. Two other openings 
are in the gulch west of locality '33. The mine· 
is in the thick bed of coal shown in sections 30 
and '31. These Inines offered opportunities for 
observation not enjoyed in undeveloped regions. 

In the vicinity of Koehler the Vermejo forma-. 
tion becon1es very thin and disf:1ppears entirely 
north of locality 40, and the basal sandstone of 
the Raton fonuation becomes very massive and 
conglo1neratic. The shale separating the coal 
Jr01n the conglomerate at locality 31 occurs in 
some. places in the mine and in other places it 
is absent, allowing· the conglomerate to res~ 
directly upon the· coal. At locality 32 this 
coal, wli.ich is normally 6 to 12 feet thick in the 
vicinity of Koehler, is only -4 feet thick, and the 
congl01nerate, with pebbles half an inch or 
1nore in diameter, rests directly l).pon it. The 
under surface of the conglomerate at this 
locality is covered -\vitll the peculiar wonulike 
1narkings that have been found in several other 
pln.ces, notably in the 1nine at VanHouten; on 
the under surface of the basal conglomerate. 

The thinning of the Vermejo formation 
toward the west is shown in .an abandoned 
1nine at locality 33. In this mine the con­
glOinerate rests upo.n the coal, which thins in 
the direction in which the entry was driven, 
and the inine was abandoned at a point where 
the conl was less than 2,} feet thick Iri the east 
w111l of the smne gulch an opening was mo,de on 
this san1e coal bed, and a 1neasurmnent a few 

· hundred feet from the mouth showed1~ feet of 
coal separated fr01n the overlying conglomerate 
by 6 feet of shale. At this locality, thcrqfore, 

· there is a conspicuous and well-marked un­
confornlity by erosion. The following sections, 
n1easured at the surface a little farther to the 
east at localities 33 and 34, show that the rock 
intervening between the coal bed and the over­
lying congl01nerate attains in places a thickness 
·of at least 22 feet. (See Pl. V, p. 56.) 

Section of rocks measured ·at locality 38, near Koehler, 
N. Jfex. 

!.For graphic section soo P~. V, p. 56.) 
Ft. in. 

Haton formation: 
Conglomerate; siliceous pebbles up to 1 

inch in diameter ...... .- ................... 30± 
· 'Unconformity. 

Vermejo formation: 1n. in. 

Shale, buff-colored, sandy ..........•........ 
. Coal ... ~ ...... : ...................... . 
Shale,. buff-colored ............... : ....... . 
Sandstone, white, friable, granular ......... . 
Shale, light-colored, sandy ................ . 

Trinidad sandstone: 
Sandstone, containing Halymenites major 

Lesquereux ·and Tancredia americana 
Meek and Hayden (8358) ................ . 

Pierre shale: 
'l'ransitional zone .. : ....................... . 
Shale. • 

22 0 
6 0 
8 0 
5 0 
3 0 

44 0 

65 o· 

70 0 

2~9=!= 

Section of rocks measured at locality 84, near Ko.ehler, N. Mex. 
(220 feet east of section 88). 

[For graphic section suo Pl. V, p. 56.] 
Feet .. 

Raton formation: 
· Conglomerate, siliceous pebbles up to 1 inch in 

diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 ± 

Unconformity. 
Vermejo formation: 

Shale......................................... 3 
$andstone, shaly ............... · ......... ·. . . . . . 12 
Shale. ~ ........................... : .. : . . . . . . . . 2 

Coal ........... : ......................... 11 
Shale.......................................... 8 
Sandstone .......... ~ . . . . . . . . . . . . . . . .. . . . . . . . . . 5 
Shale, sandy........ . . . . . . . . . . . . . . . . . . . . . . . . . . 3-

Trinidad sandstone: '44 
Sandstone, cont.'l:in1.ng Halymenites major Les­

quereux. 
Pierre shale:· 

Transitional zone. 
Shale. · 

74± 

·In the side of the canyon north of Koehler 
(Prairie Crow ·Canyon) the rocks extending 
from the upper part of .the Pierre shale to the 
cliff-n1aking sandstones of the Raton formation 
at the top of the nlesa are well exposed (see fig. 
2), and a section was· measured (locality 35). 
The Pierre shale contains lin1estone·concretions 
which have a few poorly preserved inverte- · 
brates, none of which were collected. The 
Trinidad sandstone is unusually thin at this 
locality, but otherwise it is not different from 
the Trinidad described at neighboring local­
ities. It is here less · conspicuou~ than the 
basal conglomerate of the Raton formation. 
The coal bed, which has a maximun1 observed 
thickness. of 14 feet less than a mile west of 
this locality, does not appear here, but a bed 
of ash was found that obviously was derived 
fro1n its burning. The section follows. 
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FIGuRE 2.--.,-Point of m~ near Koehlex:, N. ·Mex., showing the relations of the rock formations. P, Pierre shale; T, T.rinidad sandstone; 
V, Vermejo formation; ·R, llaton formation; SS, sandstone; C, cosl, or ash whrre the eo:1l is burned. 

Ft. 

30 
75 
15 

35 
14 
10 
18 

44 
20 
8 
3 

16 

314 
Unconformity. 
Vermejo formation: 

Shale and shaly sandstone .... -_-:- ......... -. 22 
Ash (representing burned coal of the bed 

which a quarter of a mile to the west is 12 
feet thick) . _________ . _____________ : ____ _ 

Shale. __ .. _ .... ____ ... ___ ~ ________________ _ 
Coal,· dirty .... __ .... _ .... _______ ..... _ -. __ _ 
Shale, bro)Vn to black, sandy .. -.......... __ . 

Trinidad sandstone: 
Sandstone, with shaly partings; contains 

1 

6 

30 

Halymenites major Lesquereux : _ ......... - 45 
Pierre shale: 

Tran!;litional zone. 
Shale. 

389 

b. 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

The basal-conglomerate of the Raton fornla-
tion here forn1s the prominent cliff shown in 
figure 2. The higher beds were examined as 
described in the foregoing section, but no coal 
was found to correspond with the highest bed 
described in several of the preceding sections.· 

LOCALITY 36. 
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and rests unconformably on the shale whic~ 
overlies the 1nain coal. The section follows: 

Sf:ction of rock measured at locality 86, northwest of Koehler, 
N. Jfex. 

[For graphic section see PI. V, p. 56.) 

LOCALITY 38. 

The main coal bed, which was found to be 
12 feet thick at locality 37,-can be traced thence 
along the outcrop to a point three-fourths of a 
mile or more to the southeast, where it is 8 to 
9 feet thick, but in the point between Prairie 

Jtaton formation: Ft~. in. Crow Canyon.and the canyon of Crow Creek it 
Sandstone, conglomeratic ............ ······· ·· 27 0 has been bui'ned in some places. Section 38 

Unconformity. === was measured on this point_, which is abo~ut 1!-
Vermejo formation: n1iles southeast of locality 37. The results Covered ............................... :... 4 0 

Coal................................... 3+ follo\'r: 
Shale ......................... ·............. 5 0 
&andstone, white, coarse, massive, . shaly 

tow'u.rd the top. .. . . . .. .. . . . . . . . . . . . . . . . . . 27 0 
Coal.................................. 8 

4 0 Shale brown to black ..................... . 
Shale' and massive sandstone', not continu­

ously exposed . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Trinidad sandstone. 

0 

Section of rocks measuted at lccaWy 88, northu·est of Koehler, 
N.Mex. 

[For graphic section see Pl. V, p. 5(\.) 

Raton formation: 
Sandstone, coarse grained, conglomeratic, 

quartzose, with pebbles up to an inch in 

Feet. 

diameter ........ -............ ·. . . . . . . . . . . . . . 33 
59 8 Unconformity. 

86+ 
LOCALITY 37. 

Another section was measured in the north 
Wttll of the middle fork of Crow· Canyon, at 
locality 37, about half a mile southeast of 
locality 36. A thickness of 50 feet- of the 
Trinidad sandstone is exposed, but the base 
was not .seen. The Vermejo formation is much 
thinner than at locality 36, but the lowest shale, 
9 feet thick, seems to be the equivalent of the 
lower 20 feet. of the last section, and the 10 feet 
of white granular sttnclstone is apparently the 
equivalent of the 27 -foot sandstone ·of that 
section; but no·coal was observed between th~ 

·shale and this sandstone. The coal bed is evi­
dently continuous with the main coal at lo­
cality 36, and the basal congloD?-erate of the 
Raton formation rests here directly upon the 
conl 'I'he section follows: 

Sect.ion of rocks 'meas'Ured at locality87, north-west of Koehler,· 
N. Jlfex. 

[For graphic section soc Pl. V, p. 56.) 

Raton formation: 
Sandstone, conglomeratic .................. . 

Unconformity. 
Vermejo formation: 

Coal .... -.-.- ... - .......... -- .. ·--···· 
Shale, black, carbonaceous ........ -... -----. 
Sandstone, white, coarse grained, granular.- .. 
Shale, sandy ....... · ............. - .. -- ...... . 

Triniclad sandstone ................ -- .. 

Ft. in. 

30 0 

12 . 0 
3 0 

10 0 
9 0 

34 0 
50+ 

114+ 

Vermejo formation: 
Shale ....... :_ ............................ .- .. . 
Sandstone ........................... , : ..... . 
Shale, sandy .... ~···· ............. · .. -.-.- ... . 
Sandstone ....................... ; . · .......... . 

Coal ............... -.- .. -.- ...... - .. ··,· 
Shale ........................................ . 

5 -
12 
10 
3 
3 
2 

35 
Trinidad sandstone. : . ......... ~ ..... -- ....... ~ : . . 48-

116-
LOCALITY 39. 

In the west wall of Crow Canyon, at locality 
39, the rocks are fairly well exposed, and a 
short section was measurecJ, but the main <?Oul 
bed of this region was not found. Two beds 
of coal occur here in place of the one found at 
locality 38, wh~re the upp~r bed seems to haYe 
been eroded away previous to the deposition 
of the conglomerate.' The sectimi follows: 

Section of rocks measured at locality 89, in 1vest wall of Crow 
Canyon, about 8 miles north of Koehler, N. Mex. 

[For graphic section sco n. V, p. 56.] 

Rato'n formation: Feet. 
Sandstone, conglomeratic .. ·... .. . . . . . . . . . . . . .. . . 30 

Unconformity .. 
V ermejo formation: 

CoaL ..... ~ ...... - . - ...... - . - ...... :. . . . . . · 4 
Shale ............................. - ... ---:.--.- 4 
Sandstone ................. :: ............. --- .. - 20 

Coal ............... - ..... · .. - ......... - - - . - 2 
Shale .... ··: ...... :· ...................... -.--.. 4 
Sandstone ............... · ............. ·-........ 4 
Shale ..... ~ ............... _..................... 2 

40 
Trinidad sandstone .. · .............................. - 72 

142 
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In the san;w side of the canyon, less ·than .. 
. one-eighth mile northwest of locality 39, the 

higher coal i~ something more than 5 feet thick 
and is separated from the overlying conglom­
erate by about 3 feet of shale. No sections 
w~re measured in the east·wall of Crow Canyon, 
but the main coal has been opened in many 
places and the results, reported by Orestes St. 
JohnJ have been furnished for this paper by 
the St. Louis, Rocky Mountain & Pacific Coal 
Co. In ten prospect openings north and east 
of locality 39 the main coal bed ranges in. thick­
ness from about 4 feet to more than 12 feet. 
On Castle and SchoinbuTg creeks the con­
glomerate rests on the co.al. In ~ drill hole 
between Castle Creek ap.d Van Houten a 6-inch 
shale lies between this conglomerate and the 
coal; and in the Willow mine, which. extends 
from Willow Canyon to this drill hole; the. 
conglomerate is either on the coal or_very close 
to it.. (Se·e p. 96.) A prospect opening in the 

·point east of Schomburg Creek shows the con­
glomerate resting on the coal, which is here 
nearly 8 feet thick; but east of. this point the 
coal was no't observed. There is no doubt that 
the coal bed was once continuous in the vicinity 
of Crow _Creek canyon, but it ,is equally doubt­
less that. it is not continuous at the present 
time. Through the Crow. Creek district. the 
basal conglomerate of the Raton formation is 
persistent in character and occurrence and 
forms a prominent. cliff that is easily traced 
from place to place.- It is Clearly uncoriform-

-able on the Ver:inejo.formation, resting ~n some 
. places on shale whi9h overlies the main coal, in 
other places on the coal, and in still other places 
. on ~eds that" normally underlie the coal. 

LOCALITY 40. 

Section of rocks measured at locality 40, east of Koehler~ 
. ..•. .. N.Mex . 

[For graphic section see Pl. V, p. 56.] 

Raton formation: Feet. 
Conglomerate, casts of worm borings at the b~e. '- 38. 

Unconformity: · 
Vermejo formation: 

Shale, black, ·carbonaceous........... . . . . . . . . . . . 3 
Trinidad sandstone: . 

Sandstone containing 1Ialymenites major Les-
quereux .... ~......................... ... . . . . 38-

Shale and shaly sandstone .................... :. 3 
Sandstone containing !falymenites major Les-

quereux · ...... ~.................... ... . . . . . . . 40· 
Pierre shale: 

Transitional zone. 
Shale. 

122 . 

For about half a mile east and north of 
locality 40 the rocks are well exposed'; and the 
relation of the conglomerate, which rests on the 
Trinidad except in a few places where a foot or· 
two of dark shale intervenes, is plainly dis­
cernible. These irregular masses of shale make. 
the unconformity between the Trinidad ·and 
the basal conglomerate of the Raton very con­
spicuous, especially where the base of the con-· 
glomerate extends diagonally across the edges. 
of the horizontally bedded shale. 

VAN HOUTEN AREA. 

At Van I-Iouten is located the Willow mine,. 
one of the largest producers of the St. Louis, 
Rocky Mountain & Pacific Coal Co. The un-·. 
conformity between the Raton and Vermejo 
f~rrri~tions · is nearly as conspicuous here as it 
is near .Koehler. Indeed, these tw·o areas are. 
probably the be~t and most accessible in the 
Raton field for examining the structural rela-· 
tions of these formations. 

VANHOUTEN. 

LOCALITY 41. 

~ast of Schoinbu~g Creek the.Ver~ejo t~in~, For about 2 miles northeast of locality 40 the· 
an9- ab<;:>ut_ h~lf a i:h:Ile north of locahty 40 It IS rocks· appear from a distance to be poorly ex-
15. feet thick. A httle farther_ sp:uth the ~on-· posed, espe~ially in.the Falls Creek mnbayinent,. 
gl~rp.erate-re.sts on coal 1 foot .6 mches thick, and no attempt was :made to examine them; 
and still -farth-er s_outh on coal only a few' i_nches but in an eastward-facing escarpment main­
thick. ·Where ·section 40 was measured the. tained by the resistant rocks of the Trinidad 
Vermejo· formation is· about 3 feet thick, and a sandstone and the Raton formation north of 
few hundred feet farther to the east it is absent Falls Creek, the rocks are well' exposed. 
and the. conglomerate rests on the Trinidad The best ·exposure found between Falls 
sandstone. Creek and Willow Creek is at. locality 41, about 
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A. B. 

G. 

A ," B. ROCKS ABOUT 3 MILES SOUTHEAST OF VAN HOUTEN, N. MEX. 0. GENERAL VIEW OF 
CLIFFS SHOWN IN NEAR VIEW IN A AND B. 

The Vermejo format ion is abse nt and th e Raton formati on rests unconformab ly upon the Trinidad sandstone. 
a, The pla in s; P, Pi erre s hal e ; T , T rinidad sandstone; U, un conformity ; R' , basal co ngl omerate of th e Raton 
formation; R, Raton formation, 
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.A. NORTH WALL OF CANYON AT THE MINE. 

B. ONE OF THE OPENINGS OF THE MINE, SHOWING THE CONGLOMERATE RESTIN G 
ON COAL. 

STRUCTURAL RELATIONS OF FORMA?riONS AT WILLOW MINE, VAN HOUTEN, 
N. MEX . . 

T, Tr in idad sa ndstone ; V, Vermejoformation; c, coa l bed in the Vermejo; U, unconformity between 
the Vermejo and the Raton formations; R , Raton format ion; R', basal conglomerate of the Raton 
formation. 
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3 miles northeast of locality 40. The Pierre 
shale ·forms long barren slopes at the foot of the 
inesa, and the overlying transitional beds of 
alternating sandstone and shale are character­
istically developed. The Triniqad sandstone 
is also normally developed and appears as a 
white band in the face of the cliff. There are 
no rocks at this locality that can be referred to 
the Vermejo, and the basal .conglomerate of the 
Raton formation rests unconforn1ably on the 
Trinidad sandstone. (See Pl. VII~, A, B.)· 

There are few places in the Raton coal field 
where the unconformity is ~o conspicuously 
exposed as in the escarp1nent at this' pl~ce. ~n 
Plate VIII, 0, the photograph for whiCh was 
taken fr01n a point half a 1nile or more fr01n the 
face of the cliff the line of unconformity' would, 
scarcely be distinguished by one · unfamiliar 
with the rocks· thmnselves, but in Plate VIII, 
A, B, which presen,ts nearer views of pa~ts ~f 
the san1e expo~ure, the line of unconforn11ty IS 
piainly discernible. The horizontally ·bedded 
Trinidad sandstone has obviously been eroded 
and the congl01nerate lies diagonally across ~he 
truncated layers. The conglomerate is harder 
than some of the neighboring rock~ and in 
s01ne plac.es juts out beyqnd the underlying 
sandstone. ·Near the point where the photo­
graphs reproduced in Plate VIII -~ere taken 
the following section was measured·: . 

Trinidad sandstone: , 
'Sandstone containing Halymenites major Les-

Ft- in. 

quereux ....... · ...........•.. ~..... . . . . . . 71 0· 
Pierre shale: 

Transitional· zone. 
Shale. 

451 6 

The basal conglomerate of the Raton forma-· 
tion is here about 50 feet thick and is hard, 
1nassive, and resistant. It co:r:tsists of a matrix 

· of coarse sand in which siliceous pebbles occur 
in more or less irregular masses. So far as 
observed, the pebbles a:re n1ost numerous near 
the base but are found'here and there through · 
a thickness of- about 50 feet. At this locality · 
they a_re not confined to the base of the Raton . 
formation as they appear to be in many places. 
Also, p~bbles were found 130 teet above the 
base of the formation. 

The capping rock of the mesa is the massive · 
cliff-making sandstone that forms an almost 
continuous .escarpment from Cimarrop. to 
Raton. The softer shaly beds described from 
many other localities as oscurring betw_een ~he 
conglomerate and the overlying cliff-malnng 
sandstones are characteristically developed at 
this locality and carry coal at two ho:r:izons. 
At the lower horizon only thin beas were found, 
but at the higher a bed occurs 2 feet 6 inches 
thick. AlthouO'h this coal bed is about ~20 
feet above the base of the Raton formationit 
is probably to be correlated in a general way 
with the bed described in several of th~ foro-

Section of rocks 1neas1t1·ed at locality 41, in bl7.tjfs of mesa O'Oing sect,ions as occurring 110 to 150 feet fl,bove 
abont 2 ?niles southeast of Van Hottten, N. Mex. - the base of this formation. The absence from 

[.F'or grn.phicsoction soo l'ls. v, P: :)H, ll.lld X, p. 108,]_ this locality of rocks referable .to the Vermejo, 
H.a.ton forma.tion: Ft. in; considered in connection with their occurrence 

·Sa.ndstone, massive, cliff making........... 70 0 on either side of it and _the unusual thickness 
Shale, soft, with thin bods of s~mds.tone. · · · · 50 0 of the conglomerate~ suggests that the ~on-
Sandstone ....... ·.·····-··················· ~ ~ glomerate was deposited ~n _a local depres~wn, 
~:~:s·t~1~~: ii;i1; 1·; b-~d~l~c~ ~: ~ .· .· :·. ·. ~ ~: : .: : : : : : : 12 o perhaps a valley of erosiOn. Th~ top of t~1e 
Shale....................................... 12 o conglon1erate may. be rega~~ded as a graded 

Coal .......... · ... : ...... ·.············· 2 G p~ain on· which the succeechng ·beds w:ere de-
Shale ....................... ·:············· 8 0 posited, ·and, for purposes of correhlat1ng _the

1 Sandstone, thin bedded near top, massive. 30 0 coal heels above th<;} conglomerate, t e vertiCa 

Sh~t~~~:~;b~;l~.~~~~~~~ ~~i-ti;thi;;b~d~~-f~~~i:: :·: 24 . o distances from this. plain to the coal should be 
Sandstone ................................ : 10 0 considered. With this in mind, it seen1s very· 
Sha.le, bln.ck ......... · :·. · · · · · · · · · · · ·: · · · · · 15 0 r>robable that the main coal bed of thi~ sec~io~ 
Sandstone, com·se gra.ined, massive, cliff mal\:- Inay be the equivalent of the C?als hol~1ng SIIDI-
Shi~~~~-~~~~-l~~,-~~~1~-~~~~~~~~~t~~:~:~:~:~::::~:~: .:~ ~- htrposi~~ons farther south. (See Pl. X, P· 108.) 
Sn.ndstone, white, com·sc grained, friable.... 20 0 

. Shn,le, black................................ 3 0 LOCALITY 42 . 

Conglomerate a.nd coarsc-gmined sandstone.. 50 0 For nearly 2 miles north and w~st ·of locality 
Unconformity. - 3-8-0--6 41 the relations of the formations .are appar-
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ently unchanged. At locality ·42, in' the west 
wall of the south fork of Willow Canyon, the 
basal conglomerate ·of the Raton formation 
rests on the Trinidad sandstone, but immedi­
ately to the north the thin edge of the coal.:. 
-bearing shales o;f the Vermejo occurs between 
the conglom.erate and the. Trinidad) underlying 

·the conglomerate with conspicuous uncon­
fonnity. (See fig. 3.) At this point· small 

FIGURE 3·.-Sketch showing unconformity at the base of the Raton 
formation in Willow-mine, ncar VanHouten, N.Mex. a. Conglom­
erate of the Raton formation, resting on (b) the coal and underlying 
shale of the Vern:ejQ formation. 

fragments of coal were found in the conglom .. 
era.te, apparently resulting from erosion of the 
coal bed. A few hundred feet farther north a 
bed of coal 6 feet thick occurs between the 
Trinidad and the "conglomerate .. This coal is 
the one mined.at Van Houten an<l the one 
which, by means of this 
development, is known 
to be the same bed of 
coal as that described 
from the vicinity of local­
ity 39 and. elsewhere in 
Crow Creek Canyon. 

but from the relations observed ·at the surface 
at locality 42 it is certain that the coal· disap­
pears somewhere between this locality and the 
point where mining operations ceased .. 

vVhere the conglonlerate rests on the coal 
the conta~t is very 1meven; evidently due to 
erosion of the bed previous· to the deposition 
c·f the conglomerate upon· it .. This is par.,. 
ticularly conspicuous in the part of the 1nine 
that lies i1n1nediately west of locality 43,· 
where there are gr'lvel-filled depressions· 2 feet 
or more in depth in the upper surfttce of the 
coal. (See fig. 4.) There a~e also a great 1nany 
~ikelike bodies of sandstone and conglomerate 
in· the coal, usually connected ·with the con­
glomeratic· sandstone that here forms the roof 
of the mine. An attempt has been Jnade in 
figure.4 to show the relations ofseveral of these 
bodies to the coal hed. The drawings are 
made from sketches and 1nea.surements made 
in the mine. Some of the bodies are more or 
less irregular (see fig. 4,:A) and have the ge·n­
eral appearance of· dikes; others (fig. 4, G, ll) 
extend only part way through the coal. Some 

Horizontal and vertical scale · 

West of ·locality 42 
the· c~al bed has been 
penetrated by rp_ine en­
. tries over an area 1 ~ 
miles ·east and west and 
2 miles or more north 
and south. These en­
tries. offered an excellent 
opportunity for. observ­
ing the relation of the 
coal bed to the overly­
ing -conglomerate. In 
the part of the mine 
nearest _locality 42 the 
c'onglomerate rests ·on 
the coal, which ranges 
in thickness from less 
than 2! feet to about 15 
feet. At the tin1e of 
the investigation mining 
operations had not 
been carried beyond the 
point where the coal is 
much less than 2! feet;. 

. o~~==is==· =· ::E'o====~===='i::s=:::::;::::=:5zo5=;;:========325_ Feet 

FIGURE 4.-Diagrams showing irregularities in coal bed in Willow mine, near Yan Houten, N.Mex. 
Coal (black) of the Vermejo formation lies beneath the conglomerate of the Raton formation. 
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are very irregular and cmnplicated in design nnd LOCALITY 43. 

rn,nge in thiclmess · fr01n a fraction of nn itlch A ~avorable opportunity was afforded. at 
to 4 or 5 feet. Some of the larger masses are locality 43, at one· of the openings of the Wil­
·conglomeratic, and in son1e ·places (fig. 4_, 0) c•Jn- low coal mine, to examine the relations of the 
. siderable n1asses of conglon1erate c.ut through basal conglomerate of the Raton formation 
·such shale as 1nay overlie th~ coal and well to the main coal bed of the Vermejo. At 
into or completely through the coal bed. this mine the coal, 13 feet thick, is. overlain 

In sever.al places (fig. 4, D) detached masses by the conglomerate and exposed at the 
of coal with rough surfaces and sharp angular· -surface; (See .Pl. IX, A, B.) The upper part 
edges, as if torn from previously eonsolidated of the Trinidad sandstone is somewhat fissile 
coal, are included in the sand. In two places near this locality and grades into the Ve_rmejo 
the sandy inclusions were seen associated with through a series of alternating layers of sand­
slight displacements· by faulting. In one of stone and shale. In a former· publication 215 

these (fig. 4, F) the displace1nent appeared at the writer included these alternating layers in 
both. the upper and lower surfaces of .the coal the Ve~1nejo and drew the line for the top of the 
bed. In a'!lother (fig. 4, B) the lower surface Trinidad at the. top of th~ massiv~ sandstone. 
showed a throw of a foot or more, but the I-Iowever, after further examination, he now 
offset at the uppe1; surface had evidently been draws the b.oundary 5 feet below t'he bottom· 
eroded away. In no place was the faulting ·of the coal. The section follows: 
observed to extend to the overlying conglmner­
ate. Another fault in the coal bed is shown 
in figure 5. 

FIGUHJ~ 5.-Faultincoal of Willow mine, ncar Van Houtcn, N. Mcx. 

The origin of these clikelike bodies in the 
coal is not understood, but it is obvious _that 
they are associated in some way with the 
deposition of the congl01nerate. The fact that 
the conglomerate was deposited upon an eroded 
surface indicates· that the cavities n1ay have 
been open fissures suoP. as are frequently found 
iii rocks exposed at ·the~.surface, and. that these· 
fiss1.u·es were filled at the time the conglomerate 
was laid clown. Furthe.nnore, the fact that 
the faUlts are traceabl~ through the coal and 
into the underlying shale but not into the con-

··glOinerate · poi~ts to the inference that the 
cavities n1ay be due to rock 1uove1nents pre-

, vious tc,> the consolid~tion of the conglomerate. 
The angularity of the blocks of coal included 
in the 1nasses of sandstone seen1s to prove that 
the bed fr01n which they were derived had 
passed beyond the stage of peat; or, in othet 
words, that. it was a bed of consolidated. coal 
when the congl01neratic sandstone found its . 
way into the cavities. 

47019°-17--7 

Section of rocks measured at locality 43, near VanHouten, 
N.Mex. · ·. 

[For graphic section see Pl. V, p. 56.} 

Raton formation: Feet. 

Conglomerate.............. . . . . . . . . . . . . . . . . . . . . 20 ± 
Unconformity. · 
Vermejo formation: 

Coal ................................. : ....... ~ 13 
Shale ....................... ~ ................. · 5 

·Trinidad sandstone: 
Sandstone, fossiliferous near top. 

18 

38± 

The underside of the conglomerate at locality 
43 is covered with wormlike bodies, which are 
probably the casts· of worm borings, though 
.their significa~ce is not knowri. · Similar ·n1ark-

FIGURE.6.-Skctch showing unco!lformity at tho base of the Raton 
formation in \Yillow mine, ncar Van Houtcn, ·N .. Mex. a, Raton ·· 
formation; b( Vcrmejo formation; c, Trinidad sandstone. 

ings were found on the 1:1nclersicle of the con­
_glomerate at several of the localities previously 
described; Although no shale separates the 
congl01nerate from the coal ~t locality 43, shale 
appears between these beds a little farther 
north and is _reported by the n1ining engineers 
at Van Houten as increasing in thickness 
toward the north and west. At the north­
western extre.mity of the n1ine workings 15 
feet of shale was reported between the coni and· 
the ·congl01nerate. (See fig. 6.) · · 
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LOCALITY 44. 

The emil of the Vermejo formation has.been 
prospected in many places l).Orth and east of 
Van Houten. It has been considerably dis­
turbed in several places by igneous intrusions 
which have coked the coal and a. little farther 
to the north have turned it to .graphite. In 
the north wall of North Willow Canyon, at 
locality 44, about 1! miles northeast of locality 
43, a short section, including the Vermejo, was 
measured as follows: 
$ection of rocks measured at locality 44, North Willow Can­

yon, near Van Houten, N. Mex: 

[For grap~ic section see Pl. V, p. 56.) 

Raton formation: Feet. 

Igneous rock (basalt) .................. :...... 20 
. Conglomerate................................. 4 

~ . 24 
Unconformity, 
Vermejo formation: 

Shale, black, carbonaceous ....... _ ....... :. . . . 10 
Igneous rock (basalt).............. . . . . . . . . . . . . 10 
Shale .......... ·-............................. ·2 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 . 
S}?.ale, with intrus~ve sheets of igneous rocks .. .- . 20 

Raton formation-Continued. Foot. 
Shale............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Sandstone ................................. ·. . . . 27 
Igneous rock .(basalt). . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Shale, carbonaceous, with thin beds of coaL..... 3 
Shale, with thin beds of sandstone ....... :....... 60 
Sandstone, conglomerati<;: at the base ... :. . . . . . . . 20 

Unconformity. 
328 

Vermejo formation:. 
Coal, burned at outcrop ............. ~. . . . . . . . ? 

Shale, sandy, carbonaceous, thickness not deter­
mined. 

Trinidad sandstone. 

RED RIVER PEAK. 

LOCALITY 46. -

328 

·Another section extending from the basal 
conglomerate of the Raton formation to the 
top of the mesa was measured ·at locality 46, 
about 1! miles east of locality 45. The r_frini­
dad s·andstone and the conglomerate were rec­
ognized, as was also some carbonaceous shale 
between them, but no coal was found. It is 
probable that the coal was eroded away at this 
locality previous· to the formation of the con-
glomerate, as.it, together with all of the rocks 

49 of the Vermejo, was a little farther east. The 
Trinidad sandstone ........... : .. ·.,.-.------------ 100± . ,section follows: 
Pierre shale: 

Transitional zone. 
Shale. 

LOCALITY ~5. 

Section of rocks measured at locality 46, half a mile west of 
Red River Peak, N. Mex. 

[For graphic section see Pl. V, p. 56.] 

For some distance· east of locality 44 the con- Raton formation: Feet. 

gl01nerate and overlying beds of the Raton Igneous rock (diabase).···-···-······----··--·· 15 
Sandstone and igneous rock ................... : 50 

forination.are well exposed, but because of the .Shale .......................................... 20 
presence of surface debris few satisfactory ob- Sandstone, cliff making .......... __ ............ 50 
servations on the lower rocks could be made. Shale, mostly covered- ... -- · .. --- .. ---..... . . . . 60 
At locality 45, about l!Iniles from locality 44, Sandstone, white, massive-,--·-.··-···-······--- 40 

t
. d f th 1 t Shale, locally carbonaceous. _ ...... _ . _____ . _ . _ . 30 

a sec wn was n1easure r01n e cong om era e Sandstone, cliff making. ____ · __ . ___ : _ _ _ _ _ _ _ _ _ _ _ _ · 20 
to the cliff-making sandstones at the top of Shale, not well exposed .. __ .. __ ._ .. ·............. 20 
the mesa. The horizon of the main coal bed·. Sandstone, cliff making, conglomeratic.......... 20 
below the conglomerate was recognized, but Unconformity. 
the coal is burned. at the outcrop. The <;or- Vermejo formation: 

Shale, locally carbonaceous, thickness not de-
relation of the beds at this locality is made on terrriined. · 

. the basis. of the conglomerate, which was traced Trinidad sandstone: 
almost continuously along the side of the mesa 
from locality 44. The section follows: 
8ection of rocks-measured at locality 45, about 2 miles north-

east of Van Hottlen, N. Mex. 
[For graphic section see Pl. V, p. 56.] 

Raton formation: Feet. 
Sandstone, cliff making........................ 40 
·shale and .igneous rock ...... ·- ............ :..... 40 
Sandstone and igneot{s rock...................... 60 
Shale·and sandstone in alternating beds........... 30 
Sandstone..................................... 20 

325 

A little way east of locality 46, in the steep 
slopes of Red River Peak, the rocks from the 
top of the Pierre shale to a ·horizon well up in 
the Raton formation are well exposed. The 
Pierre and the Trinidad are characteristically 
developed, but no rocks were found that can be 
referJ"ed to the Vermejo. The basal con­
glomerate of the Raton formation rests uncon­
formably_· upon the Trinidad. This relation 



LOCAL FEATURES IN DETAIL. 99. 

was observed in several places around Red 
River Peak.· The rocks of the ·Raton above 
the conglon1erate consist of sandstone· and· 
shale, in which have been intruded many 
sheets of igneous rock. . 

LOCALITY 47. 

·For one-half ~ile or more north of Red River 
Peak the basal conglon1erate of the Raton for­
Ination rests on the Trinidad sandstone and 
together they form a prominent cliff. The 
upper part of the Pierre shale is exposed in 
many places near this locality and is fossilifer­
ous, but only one species (Inoceramus vanuxemi 
Meek and !{ayden), found about 400 feet below 
the top of the shale (U. S. Geol. Survey fossil 
locality 5602), was collected. The Trinidad 
sandstone is present and contains the usual 
fucoids,' but it is much thinner. here than it is 
at neighboring locali.ties where the Vermejo 
occur above it. At locality 4 7, about one-h~lf 
1nile northeast of locality 46, a critical exami­
nation was made of the rocks near .the contact 
of the 'I'riniclacl and the congl01nerate, and the 
following section 1neasured: 
Section of rocks measured at locality 4'1, north of Red River 

Peak, N. },fex. 

[For graphic section see PI. V, p. 56.] . 

anything seen elsewhere in the Trinidad, may 
represent an old surface soil. For about 35 feet 
above this dark layer the rocks consist of sand 
but do not resemble the Trinidad, nor could any 
I-Ialymenites be found in them. They are soft, 
friable, and yellowish-brown in color, like many 
of the sand~tones of the Raton formation, and 
are notably cross-bedded. (See fig. 7.) Lying 
on this yellowish friable sand with uneven base 
is the typical basal conglomerate of the Raton 
formation. 

FIGURE 7.-Sketch showing unconformity. at tho base of the Raton forma­
tion ncar Red River Peak, N. Mex. a, Raton formation overlying 
beds of doubtful origin that occur between typical Raton and typical 
Trinidad. 

All things considered it seems ·probable that 
the erosion which removed the Vermejo in this 
vicinity cut deep into the Trinidad sandstone 
and that the altered aspect of the _upper part 
of this sandstone is due to surface weathering. 
The writer reached the conclusion .in the. field 

Raton formation: 
Sandstone, hard, quartzose, conglomeratic ... 

Ft. ~n. that the dark layer above the Trinidad is 
20 0 probably an old soil horizon and nothing has. ·----

been learned since that time to alter this con-
Unconformity(?). 
Vermejo formation: 

Sandstone, yellowish brown, coarse grained, 
poorly consolidated....................... 35 

Shale, sanely, carbonaceous, resembling soil · 
(possibly an old soil horizon, representing. 
base of Rato'n formation) ............ · .... . 

Unconformity. 
35 

Trinidad sandstone:. 
Sandstone, soft, friable, greenish in color near 

the top, apparently from surface weather­
ing, grading downward ·to white, massive . 
sandstone; contains Halyrnenites nwjor Les-

clusion. The cross-bedded sand below the 
0 conglomerate has the appearance ·of· stream­

~eposited sand and probably was the first sedi-
4 1ne_nt deposited at this locality after the streams 

that had eroded away the Vermejo beds re-
4 sumed deposition. For this -reason the sands 

are included in the Raton formation as shown 
by the correlation lines on Plate V (p. 56). 

quereux ... : .............. :.............. 35 0 
Pierre shale: 

Transitional zone. 
Shale. 

90 '4 

The Trinidad sandstone is here only 35 feet 
thick, as compared with 100 feet or ·more to 
both the north and the south. This sandstone 
is dark near the top and is otherwise different 
in appearance from the sandstqne as usually 
developed. At the top a thin irregular layer 
of dark sandy carbonaceous n;taterial, unlike 

CANADIAN. CANYON AND GARDINER. 

GENERAL FEATURES.· 

The canyon of Canadian River (or Reel River 
Canyon, as it is. locally called) forms a deep 
embayment in the coal measures. South of 
this river igneous rock has been intruded into 
the coal measures at several horizons and in 
some places has changed the coal to graphite. 
flowever, in the western part of the embayment 
the co·al occurs in norma:l condition. North of 
Canadian Canyon the coal beds of the V ermej o 
formation, locally known as the Raton coal1 

.. 
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have been worked for many years at Gardiner. 
The mine was not in operation at the time of 
the writer's visit, but the records and a number 
of drill'records were placed at h_is disposal and 
aided materially in the interpretation of surlace 
phenomena.· 

The Raton coal is ordinarily referred to as 
a coal bed and· the. assumption that there is a 
single continuous bed finds some confirmation 
in the fact that workable coal has been found 
at about the sa~e horizon· at nearly all the 
localities prospected in the mining district. 
However, by inspection of a considerable num­
ber of mine maps, drill records, and other data, 
it seems practically certain that the Raton coal 
consists of .a series of close-lying interlocking 

·lenses rather than of one bed. 

COTTONWOOD CANYON. 

LOCALITY 48. 

About a mile north of locality 4, the.Trinidad 
sandstone seems to regain ,its normal- thick­
ness and the V ermej o beds again &ppear above 
it. About one-fourth mile farther north, in the 
point of the mesa just south of Cottonwood 
Creek, a short section was measured (locality 
48). The top of the Trinidad is exposed here, 
and a few feet . of carbonaceous. shale occurs 

0 

between it and the basal conglomerate of the 
Raton formation, but no coal was found and 
the conglomerate rests unconformably on the 
shale. The section follows: 

Section of rocks meastLred at locality 48 in Cottonwood Can­
yon, N. },fex. 

[For graphic section see PI. V, p. 56.] 

Haton formation: Feet. 

Igneous rock (diabase) ............ ·. . . . . . . . . . . . . 30 
Igneous rock (basalt) .............. : .... _........ 20 
Shale, not well exposed ... · ............ _ ..... _... 40 
Shale, carbonaceous, with thin beds of coal. .... _ 4 
Shale,· partly covered. ___ .... __ . , _ . _ . __ .... ___ . 20 
Sandstone, cliff making, conglomeratic at base... 15 

1J nconformity. 
Vermejo formation: 

129 

·Shale; carbonaceous. .. .. . . . . . . . . . . . . . . . . . . . . . . 20 
Sandstone, rusty~ ... -.............. ~ ........ ~.. 3 
:Sha.le, carbonaceous........ . . . . . . . . . . . . . . . . . . . . 2 

25 

'l'rinidad sandstone ... ------- .. _ .. __ ................ ~_ 154 

In Cottonwood Canyon we~t of locality 48 
the rocks of the Vermej o were seen in many 
places, but did not everywhere contain coal. 
A bed 2 feet thick overlain by 20 f.eet of con­
glomeratic sandstone was found near the forks 
of Cottonwood Creek. Half a mile farther west, 
in the north fork of the canyon, coke and 
graphite resulting from the metamorphism of 
the coal were found beneath 15 feet of con­
glomerate. ·Over a large area adjoining Cotton­
wood Canyon the main coal was transformed to 
graphite by intrusions of igneous rock. I-Ialf a 
mile farther upstream, or a mile west of the· 
forks of the canyon, the writer's -assistant (Mr. 
·C. S. Blair) found an exposure of the rocks in 
which the basal conglomerate of the Raton 

· formation lies across the eroded edges of the 
Vermejo beds. (See fig. 8.) At one end of the 
exposure the conglomerate lies on the sand~ 
stone, which is shown to belong to the Trinidad 
by the presence of the characteristic fossil 

FIGURE 8.-Sketch showing unconformity at tho base of tho Raton 
formation in Cottonwood Canyon, N. Mex. a, Basal conglomerate of 
Raton formation; b, Vermejo formation, including a coal bed (black); 
c, Trinidad sandstone .. 

fucoid I-Ialymenites major Lesquereux. The 
conglomerate about ·20 feet thick lies nearly 
horizontal, but the underlying beds dip 3° W. 
The principal coal bed of the Vermejo, which 
is here 28 feet al?ove the top of the Trinidad 
sandstone, together with a considerable thick­
ness of the V ermej o overlying the coal, was 
eroded and the conglome:r:ate deposited across 
the truncated beds. The occurrence of the 
coal. 28 feet above the Trinidad her(~ explains 
its absence from section 48, in which the base 
of. the conglomerate is only 25 .feet above this 
sandstone. 

LOCALITY 49. · 

· A short section was measured in the north 
wall of Cottonwood Canyon at locality 49 about 
three-fourths of a mile northwest of locality 48. 
The Trinidad sandstone is exposed her.e and 
the rocks of the Vermejo were recognized, 
although the coal once contained in them has 
been changed to graphite by· the intrusion of 
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igneous rock. ·A n1assive .sandstone 20 feet 
thick probably constitutes the base of the 
Raton forn1ation, but no pebbles were noted in 
it. This section and sew~ral others in the smne 
general.region were examined before the full 
significance of the structural relations of the 

· formatioi1s to each other was known, and in the 
absence of a well-developed conglomerate the 
correlation of this section with others (see 
Pl. V) is open to question. The section is as 
follows: 

Section of rocks measured at locality 49 in north wall near the 
mouth of Cotton'wood Canyon, N. Jlfex. 

[For graphic section seo Pl. V, p. 56.) 

Itaton formation: Feet. 
Sandstone, cliffmaking. . . . . . . . . . . . . . . . . . . . . . . . 25 
Shale, carbonaceous, ·with thin beds of friable 

sapdstone ...... .' ..... ·....................... 55 
Sandstone, hard, cliff making. . . . .. . . . . . . . . . . . . . 20 

Probable unconformity. 
V ermejo formation: 

100 

Shale ................. · ................. : ...... 30 
Igneous rock, containing masses of graphite...... 2 
Shale, black, carbonaceous. . . . . . . . . . . . . . . . . . . . 2 
Shale .............. : ...... .' ...... ~ . . . . . . . . . . . 6 

Trinidad sandstone. · 

Vermejo formation: Feet. 
Igneous rock.- ................. ~ . . . . . . . . . . . . . . . . 4 
Shale ............. :.......................... 10 
Igneous rock ........................ .'. . . . . . . . . . 2 
Shale, carbonaceous............................ 3 

19 
Trinidad sandstone: 

Sandstone .......... ~ ....... ~................... 20 
Igneous rock .......... ~ .. . . . . . . . . . . . . . .. . .. . . . . . 2 
Sandstone. 

22 

201 

For a distance of nearly 4 miles northwest 
of locality 50 the rocks are not well· exposed. 
Several small ·outcrops -\vere found where in­
tr_usive she~ts of igneous r9ck had changed the 
coal to coke and graphite. However; in Coal 
Canyon the n1etmnorphosing forces seem . to 
have been less intense and coal is found there 
in normal condition. 

An attempt was 1nade to trace the line of 
unconformity between the Vermejo and Raton 
formations in Red River canyon above the 
mouth of Coal Canyon, ·but the sedimentary 
beds have been so much disturbed-in places by 
the intrusion of igneous rock that the attempt 

140 

In Cottonwood Canyon west of this locality 
the bed of graphite was opened several years 
ago. A brief account of it has been published· 
by the present writer. 236 

. 

40 was not wholly successful. In several pl~ces 
unconforn1able relations were rioted, but in. the 
absence of a well-developed conglomerate. in 
the beds immediately above the unconforn1ity, 
it was not satisfactorily dmnonstrated that 
these are parts of the general unconformity be-· 

SUGAitLOAl<' MOUNT.tUN. 

LOCALITY 50. 

In a section at locality 50, about one-half 
tnile northeast of locality 49, a conglomerate 
was found in its nortnal relation to the other 
stratified rocks and, -together with the Trinidad 
sandstone, renders the correlation of this 
section with neighboring ones relatively certain. 
The section follows: 

Section of rocks measu1·ed at locality 50,Sugarloaf Mountain. 

[For ~,•raphic section see Pl. V, p. 56.) 

Haton formation: .Feet. 
Shale and igneous rock..... . . . . . . . . . . . . . . . . . . . . 40 
Shale, baked. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Igneous rock ...... :............................. 20 
Shale, carbonaceous in places. . . . . . . . . . . . . . . . . . 60 
Sandstone, cliff making, conglomeratic at the_· 

base ........... ·.............................. 20 
Unconformity. 

160 

tween the Vermejo and the Raton formations .. 
They may -be local unconformities such as are. 
found in m~ny ·places within the Raton for- . 
mation. An exposure on· the north bank of 
Canadian River ·near the mouth of Potato 
Canyon shows an unconformity very near to 
where one should occur at the base of the Raton 
formation, but the line can not be traced con­
tjnuously and there is . doubt as to the exaqt · 
horizon. 

Many rmnarkably perfect impressions · of 
palm leaves occur in Canadian Canyon. Sabal? 
leei Knowlton was collected near the mouth: of 
Jones Canyon (U.S. Geol. Survey fossil locality 
5235), and Magnolia magnifolia Knowlton, 
Platanus aceroides Goppert, and Rhamnus cle­
burni Knowlton were- collected in the main 
canyon about a mile farther downstream (U. S. 
Geol. Survey fossil locality 5291). The palm · 
leaves were too large to collect in toto. On the 
face of one block that had fallen :&rom the cliff 



102 GEOLOGY AND PALEONTOLOGY OF RAT'ON MESA IN COLO.-N. MEX. 

were observed several leaves, the largest of 
which is 57 inches long. , A ver·y perfect speci­
men of Anemia hesperia Knowlton (~533) was 
found here.later. 

NOETH WALL OF CANADIAN.CANYON TO 
GARDINER. 

LOCALITY 51. 

in which they occur along ·the outcrop in 
Plate V (p. 56) .. The nun1erals above corre­
spond to the location numbers on the Inap. 
(See Pl. I, in pocket.) It is probable that 

. all information necessary for the purposes of 
this paper is given sufficiently definite on this 
plate of sections, and written descriptions of 
most of the individual sections will be omitted. 

-They will be described in groups. 
The top of the Pierre shale is continuously 

exposed near Gardiner, but the sections were 
not extended downward to include it. The 

In the north wall of Canadian Canyon th(3 
basal conglomerate of the Rato~ formation was 
recognized in several places, where it lies un­
conformably on the Vermejo. At locality 51 
it is Gonspicuously exposed above a thick bed 

· of yellow sand si1nilar to that described north Trinidad sandstone is also present in charac-
of Red River Peak Uocality 47) as belonging teristic development, for1ning a conspicuous 
probably to the Raton formation.· The char- wh~te cliff i~ the side ?f t~e Inesa. The Ver­
acteristic rocks of the Vermejo formation are. meJO formatiOn ranges Ill _thlCkness-frOin about 
below this bed of sand. Where the following 20 to 45 fe~t and co~ta1ns one to four beds 
section was measured igneous rock has been' of coal, whiCh collectively are known as the 
intruded into the coal bed and has changed it Raton coal. The basal sandstone of. the Raton 

·to" coke and graphite. formation is variable in. character, and. the 
beds above it consist of a lower shaly group, 
in which the Sugarite coal bed of the Raton 
region occurs, and of an upper group of cliff~ 

Section of rocks measured at locality 51, Canadian Canyon. 

[For graphic section see Pl. V, p. 56.] 

Raton formation: Feet. making sandstones, which are the same as 
Sandstone, hard, quartzose, coarse grained, con- the sandstones previously de~cribed in several 

glomera tic;·································· 20 places as forn1ing the top of the n1esa. 

Sa:::st~~~~le~~~~·- ~~~~~~ -~r~~~~~: _f_r~~~~~·- :~~~~~-. 15 · The sandstone at the base of the Raton for-
Ination between Canadian River and Sugarite 

35 Canyon east of Rat01i is inconspicuous an,d is 
conglomeratic in only a few places, but in most 

20 places it is harder than the sandstones above 
and below it and is more or less quartzose. It 

Unconformity. 
. Vermejo formation: 

Shale, carbonaceous, containing coal, coke, graph-
. ite, and sheets of intrusive igneous rock ...... . 

Trinidad sandstone. 

LOCALITIES 52-60. 
55 consists of a yellowish-brown 111atrix of COarse 

sand, in. which arc lenses and irregular masses 
of clean white sand, usually somewhat harder 
than the n1atrix. · This character was noted at 
no other hori~on and was helpful in tracing the 
sandstone. Fron1 locality 51, where the basal 

East of loyality 5J, in Canadian Canyon, and 
thence northeastward beyond Ratori the base 
of the Raton formation is only slightly con­
glOineratic and is not easily followed until its 
variations are intimately known. There is 
no question of i'ts identity. at locality 51, and 
its conglomeratic character east of Ratdn­
makes its recognition easy there, but between 
these extremities special care was necessary. 
In order that no mistake n1ight be made in 
its identity it was traced step by step through 
this part of the field, and sections were nleas­
ured at short intervals along the outprop from 
the Trinidad san,dstone up to it. The greater 
number- of these sections have been piotted 
to the same scale and arranged in the order 

·sandstone of the Raton is conglomeratic, this 
sandstone. was traced east and north along :the 
outcrop continuously, except for short intervals 
where it was covered with brush. At locality 
52 the sedin1entary rocks are considerably dis"" 
turbed by intrusions of igneous rock. At local­
ity 53 they are less disturbed, and a section was 
measured which may be given in detail. No 
pebbles were found in the basal sandstone in 
this section, and without. careful tracing its 
identity might easily have been Inistaken. The 
section follows: 
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Section of rocks' rneasured at locality 58, north of Canadian 
River. 

(For graphic section soo Pl. V, p. 56.) 

Raton formation: 
· Sandstone ................................... . 

Shale ............. · ............. : .......... . 
Sandstone, cliff making ................... . 
Shale, with thin beds of sandstone.: ........ . 
Sa1~dstone, cliff making ........... · ........ .-
Shale, not continuously exposed ........... . 
Sandstone, cliff making ........ , ........... . 

. Igneous rock .............................. . 
Shale ..................................... . 
Shale, black, carbonaceous, with thiii bods 

of coal ........ ~ ...... , ................. . 
Shn.le, with thin beds of sandstone .......... . 
Sandstone .................. · ........ ; ...... . 

Probable unconformity. 
Vennejo formation: 

Shale ..................................... . 
Coal .................................. . 
Shale ................................. . 

·Ft. 
30 
30 
20 
50 
30 
50 
30 

3 
35 

3 
80 
10 

371 

8 
3 
2 

in. 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

V ermejo formation: 
Coal ................... ~ ............. . 

Sh_ale .............. ,_ ..................... . 
, Coal ............ : .................... . 

Shale ................................. . 
Coal.: ............................... . 

Sandstone, white, friable ................... . 
Coal .. ' ..... · .................. · ......... . 

Ft. in. 

1 
3 

4 
8 
6 
0 
8 

15 .o 
3 10 

0 Shale, sandy_......... . . . . . . . . . . . . . . . . . . 20 

Trinidad sandstone ........................... . 
Pierre shale: 

Transitional zone. 
Shale. 

45 0 
100± 

273± 

At localities 55 and 56 qu.artz and chert peb­
bles ·up to half an inch in dimneter were found 
in the basal sandstone, but west of locality 56 
the rocks are covered with brush at the. outcrop 

Coal ................................. . 
Shale ........... ~ .................... · .. 

o and this sandstone was not traced continu-
6 ously. However, it was identified Without 
0 difficulty in the north wall of Gardiner Canyon, 

1 0 where,it is locally congl01neratic and rests un-
2 -0 nf 1 

6 co onnab y on· the Vermejo, which here con- · 
3 - o tains two thick beds of coal. Fm,lr short sec­

Coal ........................ ~ ........ . 
ShalQ ..................................... . 

Trinidad sandstone: o 20 0 
tions were n1easured north of Gardi:t;1er, and in 
all of them the conglomerate rests with uneven 
base on the Vermejo formation. 

Sandstone, rusty layer at top ............. , .. 100+ 
Pierre shale: 

Transitional zone. 
Shale. 

491+ 

DILLON CANYON AREA. 

GENERAL FEATURES. 

About 1 nlile farther east, at locality 54, the 
same for1nations ·were 1neasured, but at this 
locality the coal-bearing shales above the basal 
sandstone of the Raton formation are more per­
fectly exposed, and ~or the sake of the· detail 
in thif:! part qf the section the description IS 

inqluded, as follows: 

·.In Dillon-Canyon north of Gardiner the coal 
of the Vermejo formation (the Raton coal) has. 
been. extensively nrined and n1any diamond­
drill prospects have been _put down at consid­
erable distances back fr01n the outcrop. ·By 
inspection of the records of the nrines and of 
the drill holes, it appears that in this area.there 
are one to four beds of .coal in the V ermej o 
fo:nllation, and they c01ne and go in a n1anner 
that has prov:ed difficult of explanation. Much 

Section of rocks nteasttred at locality 54, nearGard1:ner, N. Mex. 

(For graphic section seo Pi. V, p. 56.] 

Raton formation: 
Sandstone ................................ . 

Ft. 
20 

Coal ................................. . 1 
Sandstone.................................. 20 

Coal ................................. . 
Shale...................................... '10 

Coal (Sugarite bed?).... . . . . . . . . . . . . . . . 3 
Shale...................................... 40 
Igneous rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Coal .................................. · 1 
Shale ................. : ..... : ......... ·..... 15 
Sandstone .............. ·................... 10 

.128 

in. n1ore detailed examination is necessary before 
0 all of the anomalies, even in so restric,ted and 
0 
0 well developed an area· as the Dillo.n Canyon 
6 ~ract, can be satisfactorily explained, but the 
o investigations described in tlris paper have 
O proved· that the absence of son1e of the coal 
0 beds in certain places is due to their removal 
0 
0 by ·~rosion previ9us to the deposition of the 
o younger sediments. · 
o The rocks of the Raton formation are well 

6 exposed in Seeley Canyon, and a section of 
· Probable unconformity. === . them was n1easured for the purpose especially 
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of co_mparison with the sections fa.rther to the 
east which show the stratigraphic position of 
the higher coal beds. The Seeley Canyon sec­
tion was measured before the nature of the 
basal sandstone of the Raton· formation 'was 
known, and the base can not now be definitely 
located in the section. For· this reason the 
section is not included in Plate V (p. 5_6), where 
the attempt has been made to show the rela­
tions of the Raton and Vermejo formations 
with all possible exactness. It has, hqwever, 
been included in Plate X (p. 108), where ·the 
correlation ·of the higher beds is emphasized. · 

A. bed of impure coal, probably to be. cor­
relateq ·with the Sugarite bed, was found in 
Seeley Canyon 7~ feet above the Raton coal. 
Near the top of the -section, above the cliff­
making sandstones, coal was found which ·evi­
dently rep:fes~nts the bed opened at Brilliant, 
a _mining town in Dillon Canyon about 4 ri1iles 
northwest of Blossburg. It is not important· 
for the purpose of this paper to describe this 
higher coal bed in detail, and it is mentioned 
only for correlation (see Pl. X,·p. 108) with sec­
tions measured farther east, in which a bed of 
coal, known as theY ankee bed, occurs at essen­
tially the same horizon. The section n1easured 
in Seeley Canyon follows: · 

. Section of rocks measured in Seeley Canyon, near Blossburg, 
N.-Mex. 

[For graphic section see Pl. X, p. 108,) - · 
'Feet. 

Sandstones and sandy shales: . ~ .. ~ ·... . . . . . . . . . . . . . . 40 
Shale, ·carbonaceous,· with 6. inches or more of coal 

(Brilliant bed) ........... "~ ........ : .... ~...... 2 
Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Sandstone, massive, cliff making ............... ·_ . . . 70 
Shale· .. ~ .... " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Sandstone, cliff making ........................... . 
Sandstone, in_thin beds with shale partings.~ ..... . 

40 
45 

BLOSSBURG. 

LOCALITIES 61-67. 

About _a mile north of Seeley Canyon, at 
locality 61, the basal sandstone of the Raton· 
formation is well developed and forms a cliff. 
It is about 10 feet thick and consists of hard 
sandstone in which are small pockets of pebbles. 
It rests unconformably o:n the sandy-shale of 
the Vermejo formation, which i_s here only 32 
feet thick and contains one bed of ·coal. The 
cliff formed by the conglomeratic sandstone is 
easily recognized in the eastern wall of Dillon 
Canyon opposite locality 61. 

Sandstone ...................................... . 
Sill of igneous rock (andesite) .................... . 

The basal sandstone is readily -traceable 
northward from locality 61 to near the mouth 
of Coal Canyon, where it· disappears beneath 
the surface, and thence southward in the east 
wall of Dillon Canyon. Several collections of 
fossils were made in ·this vicinity. Sabal? un­
geri (Lesquereux) Knowlton was found (U. _S. 
Geol. Survey fossil locality 5150) ·half a mile 
southwest of. the mouth of Coal Canyon, 300 
feet above the base of the Raton formation; 
and 100 feet higher (U. S. Geol. Survey fossil 
locality 5147) Sabalites grayanus (Lesquereux) 
Lesquereux, Juglans schimperi Lesquereux, an~f 
Ficus occidentalis Lesquereux were found. At 
the latter horizon, about· one-half mile far_ther 
west (U.S. Geol. Surveyfossillocality 5600) were 
found a-. few poorly preserved shells of fresh­
water species, which were identified as Unio sp. 
(fragmentary casts), Viviparus sp., and Oam­
peloma? sp. In the north wall of the canyon 
opposite these localities and 150 feet above the 
base of the Raton formation (U:; S. Geol. Sur­
vey fossil locality 5148) Sabal? ungeri (Lesque-:­
reux) Know~ton and Palmocarpon palmarum 
(Lesquereux) Knowlton were found in place; 
and Magnolia magnifolia Knowlton and Zizy-

20 L 
6 phus fibrillosus (Lesquereux) esquereux were 

Covered.~ ................................. _._ .... . 
Sandstone ........... -.- ......................... . 

· Shale, not well exposed ............... . · ....... : .. -. 
Coal, impure (Sugarite bed) ................. : .. 

Shale, with thin beds of sandstone .............. : .. 
Sill of igneous roc~ ................................ ·. · 
Shale and. sandstone, in alter~ating beds .... ': ...... . 
Sandstone .. ~ .......... - ................. - - - . - ..... . 

Coal (Raton) ..................... · .. " ...... - .. 
Shale ................... · •.......... .' ........... , . 
Sandstone (Trinidad). 

95 collected from slide rock (U. S. Geol. Survey 
15 fossil locality 5149).. Farther to the north-
55 west, half a mile north of Brilliant (U. S. Geol. 

4~ Survey fossilloc·ality 5154), Magnolia angusti-
2 folia Newberry, Magnolia· magnifolia Knowl-

30 ton, and Oarpites cojfeaejormis Lesquereux were 
6 collected in a small tributary canyon near the 
6 top of the ·Raton formation .. At about the 
? same horizon, near the south mid of the rail-

way tunnel, the following plants were collected: 
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FossilJJlanls collected at the south end of the Raton ttmnel, 
near the top of the Raton formation. 

[U. S. Goo!. Survey fossil localities 5146, 5155, and 5464.) 

Euonymus splendens Berry. 
li'icus richardsoni Knowlton. 
Ficus harrisiana Hollick. 
Saba1ites grayanus I. .. esquereux. 
Juglans schimperi Lesquereux. 
Magnolia angustifolia Newberry. 
Magnolia magnifolia Knowlton·. 
Platanus aceroides Goppert. 
Piatanus aceroides latifolia Knowlton. 
Platanus guillelmae Goppert. 
Rhamnus cleburni Lesquereux. 
Sabal? ungeri (Lesquereux) Knowlton. 

A section of the rocks was wea~ured at local­
ity 62 in the east wall of Dillon Canyon south of 
the tnouth of Coxe ·Canyon, 1-! miles southeast 
of locality 61 and 1 1nile northeast of the sec­
tion in Seeley Canyon. The Tr~dad here 
consists of two thick sandstones separated by 
shale in which thin beds of coal occur. The 
Vermejo formation is about 41 feet thi~k and 
contains three beds of coal. The base of the 
Raton formation is slightly conglomeratic· and 
a coal bed was found above this conglomerate 
~t the horizon of the Sugarite coal. The sec­
tion is as follows: · 
Section of rocks measttrecl at locality 62 ~ Dillon Canyon, east 

of Blossburg, N. Jllex. · 
[For graphic section sec PI. V, ·p. 56.) 

Raton formation: .. 
Sandst~ne, cliff making ................... . 
Covered ............................. ~ .... . 

Ft. in. 
20 0 
20 0 

Shale, carbonaceous, with thin beds of coal .. . . 5 - 0 
Shale ............................. : ....... . 15 0 

Coal ............................. · .... . 1 0 
Shale ..................................... . 15 0 

Coal, with partings of shale (Sugarite bed). 2 6 
Shale, sandy .......... · ................... · .. 10 .o 

Coal ................................. . 6 
Shale, not well exposed .................... . 65 0 
Sandstone, locally conglomeratic ......... · .. 10 0 

164 0 
U neon formity. 
Vermejo formation: . 

Covered. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . 8 0 
Coal ..... _.............................. . 5 6 

Shale ............. : ................. ·....... 8 0 
.Coal ............................... : : .. 2· 0 

Shale, drab ........................ :....... 16 0 
Sandstone .................... :. . . . . . . . . . . . 1 0. 

Coal.................................. 11 

Trinidad sandstone: 
Sandstone .... : ........................... . 
Shale, carbonaceous, with thin beds of coal ... . 
Sandstone ............. ~: .................. . 

41 5 
40 0 
10 0 
50+ 

100+ 

305+ 

Four short sections and one longer one were 
measured south and east of Coxe Canyon. (See . 
sections 63 to 67·, Pl. V, p. 56.) In all these 
sections· the basal sandstone of the Raton for­
m:-ation is slightly conglomeratic and rests with 

. uneven base on the· weaker rocks of the V er­
mejo. In section 67 two coal beds which occur 
at about the horizon of the Sugarite coal arc 
probal;>ly to be correlated with the two coals 
near the top of section 62. 

RATON AREA. 

RATON. 

LOCALITY 68. 

The rocks are well exposed in the point of the· 
mesa southwest .of Raton at locality 68. The 
Trinidad sandstone is typically developed here 

·and is sepn,rated into two parts of nea~ly equal 
thickness by a layer of fissile sandstone which 
contains fossil . plants of netted-vein type, as 
follows: 

Fossil plants collectedfrom the Trinidad sandstone. 

(U. S. Gcol. Survey fossil locality 5145.] 

Phasiolites minutus Knowlton. 
Phyllites ratonensis Knowlton. 
Populus? neomexicana Knowlton. 

·Viburnum crassum Knowlton.' 
Vitis? fragmenta Knowlton. 

The Trinidad also ·.contains Halymenites 
major Lesquereux and Inoceramus . barabini 
:Morton at essentially· the same horizon (lJ. S. 
Ge.ol. Survey fossil locality 5599). 

The coal of the Vermejo has been prospected 
at this locality, and three bP-ds have been 
opened. The basal sandstone oi the Raton is 
slightly .conglonleratic and rests with uneven 
base on sandy shale. The horizon of the Su­
garite coal bed is marked ·by 1~ed rocks, 'prob­
ably oxidized by the burning of the coal. . The 
following section was measured at this point: 

Section of rocks measu~ed q.t locality 68, 1 mile southwest of 
Raton·, N. Jlfex. 

[For graphic sections see PI. V, p. 56.) 

Raton formation: Ft. in. 
Sandstone, brown, and shale, in alternating 

layers .................................. . 25 0 
Sandstone, cliff making, base irregular ..... . 
Sandsto-n~ arid shale, not well exposed ...... . 

32 0 
27 0 

Coal, bmned·at outcrop ................ . ? 
Shale.· .................. ·;·~·!;,·,·.· ............. . 15 0 
Sandstone, massive, with contorte.dJ~minae .. 
Shale ............. : . . .- ~ .... : . .. .' .. · ... ::. ;-i ·r·h 

12 0 
26 0 

· Sandstone ........ , ........................ : 4 0 
Shale ........... ~ ............................ . 18 0 
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Raton, formation.-Continued. Ft. in. 

Randstone, conglomeratic; pebbles up to a 
quarter of an inch in diameter . . . . . . . . . . . . 10 

169 
U nconfrrmity. 
Vermejo formation: 

Sandstone· a~d shale, alternating .......... . 8 

0 

0 

0 
0 

Leda (Yoldia) scitula Meek and Hayden? 
Lucina sp .. 
Cardium sp. 
Margarita nebrascensis·Meelc and Hayden? 
Nautilus dekayi Morton. 
Baculites compressus Say. 
Scaphites nodosus Owen. 
Ptychoceras sp. Shale ....... ~·~- .......... : .................. · 3 

CoaL ....................... ,......... 4· 
Shale ....................... · ..... :......... 9 

Coal ............ · .................. : ... 3 

7 The Verinejo formation is. thin but contains 
o the 1nain coal· bed of th~ Raton field. The 
8 basal ·sandstone of tlie Raton formation was 

Shale ..................................... ~-. 
Sandstone, massive, friable, yellowish white .. 4 

6 
6 

traced continuously in the side of the mesa 
4 and short sections. were measured at locali-
5 ties 69 to 74, inclusive. (See PL V, p. 56.) 

Shale ................ , ..... ~ ............... . 
Coal ............................. · .... . 

Shale ..................................... . 2 · 4 The sandsto~e at each locality contains a few 

Trinidad sandstone: 
Sandstone, contains Halymenites major Les­

quereux at many horizons; also marine 
shells (5599) and netted veined leaves near 

36 4 small pebbles, and its base is usually uneven, 
as if it' had been deposited on an eroded sur-

the middle (5145)· ........................ 100± 
Pierre shale: 

Transitional zone. 
Shale. 

LOCALITIES 69-74. 
305± 

Near Raton, north of locality 58, the upper 
part of the Pierre shale is well exposed and the 
Trinidad s~ndstone above it forms & conspicu­
ous cliff. (SeePl.XI,A,p.110.) Invertebrates 
were found in the Pierre in limestone concre­
tions at the base of Goat Hill, 50 feet below the 
top of t4e shal~, as follows: 

Invertebrates collected from the upper part of the Pierre shale 
at Raton, N. Jfex. 

[U. S. Geol. Survey fossil localities 5598 and 8355.] 

Ostrea pellucida Meek and Hayden. 
· Syncyclonema rigida (Hall and Meek)? 
· Inoceramus barabini Morton. 

Inoceramus sagensis Owen. 
Baculites ovatus Say. 
Crenella sp. · 
Pinna sp. 
Leda (Y oidia) scittila Meek and Hayden? 
Leda sp. 
Scaphites nodosus. 
N ucula planimarginata Mee.k and Hayden? 
Dentalium sp. 
Undetermined gastropod~ 

Another collection :was made at the brick­
yard in R:aton at· a horizon 50 to ·100 feet 
lower .. 

Pierre invertebrates collected at the brickyard in Raton 

[U. S. Geol. Survey fossil locality 835?-1 

Ostrea pellucida Meek and Hayden? 
Syncyclonemarigida (Hall and Meek)? 
A vicula linguiformis Evans and Shumard. 
Inoceramus sagensis Owen. 
Crenella sp. · 

face. At locality 70 a coal bed, prob~bly to 
be correlated with the Sugarite coal, occurs 

· 102 feet above the base of the conglomeratic 
sandstone. 

LOCALITY 75. 

One of the most complete sections in the 
Raton field was measured near the point of 
Bartlett Mesa north of Raton, at locality 75, 
where the side of the mesa is very steep and 
the. rocks . well exposed. The capping of 
basalt has protected from erosion the higher 
rocks of the Raton fqrmatiQn, which had all 
been eroded away at the localities previously 
described. However, even at this ·locality 
the youngest r.ocks of the Raton formation 
are not present, having been eroded away pre­
vious to the outpouring of· the basalt upon 
them. The section follows: 
Section of rocks measured near locality 75, north of Raton, 

· N.Mex. 
[For graphic sections see Pis. V, p. 56, and X, p. 108.] 

Ft. in. 
Basalt ..... ~ .............................. 100+ 

Raton formation: 
Covered ................................ ~ . 50 0 
Shale and sandstone in alternating layers, 

fossiliferous (5152) ....................... . 50 0 
Coai ............. · .......•.............. 1 0 

Sh;:~.te ................. · .................... . 4 0 
Sandstone, massive, cliff making ........... · 35 0 
Shale ...................................... . 30 0 

Coal. .... .- ...................... ~---·- 6 
Shale ..................................... ·. 30 0 

Coal ................... ' .............. . 2 4 
· Shale ..... ~ ............................... . 4 0 

Sandstone,· cliff making ................... . 30 0 
Shale ..................................... . 90 0 
Sandstone, cliff making ........... · ........•. ·so 0 
Shale ........................ _ ... : ........ . 10 0 

Coal ............. : ... __ ............... . 4 10 
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Raton formation-Continued. 
Shale ......... , .......... · ................ . 
Shale, carbonacqous, with thin beds of coa:l .. 
Sandstone and shale: ................... : .. 

Coal ................................ . 
Sandstone and shale in alternating layers .. . 

Coal ... " ........................ ~ ... . 
Shale ................................ . 
Coal ................................ .' 
Shale ................................ . 
Coal, with shale partings ............. . 

Shale ................................ ·.· .. . 
Sandstone, massive, cliff making ......... . 
Shale, carbonaceous .. · .................... . 

Coai ................................. . 
Shale ... · .............................. . 
Coal ................................ . 
Shale ................................ ; 
Coal, with shale partings ............. . 

Shale ............... · ..................... . 
Sandstone, cliff making ................ · .. . 
Sandstone and shale in alternating lay¢rs .. 
Shale, carbonaceous, with thin beds of coal. 
Shale ............................... · ..... . 

Coal ................................ . 
Shale .................................. . 
Sandstone, cliff making .. ~ ................ · 
Shale .. · ................................ . 
Sandstone ............................... . 
Sandstone and shale in alternating layers ... . 
Sandstone, massive, cliff making ......... . 
Shales and sandstones in alternating layers. 
Sandstone ................................ · 
Shale ................................. . 

Coal ................................ . 
Shale, carbonaceous ... : .................. . 

Coal (Sugarite bed) .................. . 
.Shale .............. ······.···········.·· 

Coal ................................. · 
Shale ...................... : ........... . 
Shale, black, carbonaceous, with thin beds 

of coal near the base .... · ............... .. 
Shale .................................. . 
Sandstone ..... ' .......... · ................ . 
Shale .................................. . 
Sandstone, locally conglomlilratic ......... . 

Ft. in. 
3!)' 0 
3 0 

20 0 
1 0 

60 0 
1 8 
1 4 
1 0 
1 0 
1 4 

~5 0 
30 0 
20 0 
1 4 

6· 
1 6 
1 0 
2 0 

35 0 
30 0 
60 0 

2 0 
29 0 
1 8 

20 0 
20 0 
25 0 
12 0 
45 0 
75 0 
40 0 
20 0 
20 0 
1 0 

20 0 
1 8 

15 0 
10' 

29 0 

5 0 
10 0 
10 0 
21 0 
'4' 0 

The Pierre shale is sparingly fossiliferous at 
this locality, but the shells are contained in 
concretious of brittle limestone. and are so 
poorly . preserved that no collection of them 
was made. The Trinidad sandstone is char­
acteristically developed and contains the fossil 
fucoids usually found in this formation. In 
addition to I-Ialymenites major Lesquereux sev­
eral netted-veined leaves were found in a layer 
of fissile shaly sandstone near the middle· of the 
formation, but no specimens sufficiently per­
fect for identification were obtained. The 
Vermejo formation is about 33 feet thick and 
cont.ains one thick bed of coal and one thin 
bed. The basal sandstone of the Raton for­
mation is ollly 4 feet thick but is hard and 
quartzose, and a few small quartz and chert 
pebbles were found in it. It rests wi.th uneven 
base on weaker rocks. (See Pis. V, p. 56, and 
X, p. 108.) 

Above the basal sandstone. the rocks are 
principally shaly for about 125 feet, and in 
this shale occurs the Sugarite and two thin beds 
of coal. This shaly·zone seems to be the same 
as that first described in Cimarron Canyon at 
lo9ality 10 (p. 72), nearly 40 miles sou.thwest of 
Raton, to which attention has been called in 
the descriptions of several inter:vening localities. 
Itis not probable that the coals at all of these 
localities belong to a single bed. Doubtless 
there are several more or less lenticular bodies, 
bU. t they lie so nearly at the same horizon that 
there is a temptation to regard them as belong­
ing to o~e and.the sa~e bed. 

Above this zone of coal-bearing shale occurs 
the series of cliff-making sandstones, the lower 
part of which has· been described in several of 
the foregoing sections as the cliff-making sand-

1, 144 6 stone at the top of the mesa. At mos.t of the 
·'Unconformity. === localities previously described only. the lowest 
Vermejo formation: O . member of this series was included in the sec-Shale and friable sandstone. . . . . . . . . . . . . . . 15 _ 

Coal ................ ·................. ~ tlons.,. th~ principal ones having been eroded 
Shale .................. -.·.-......... 1 10 away where the sections were measured. At 
Coal. ............ -'·.................. 

1
i 7 locality 75 the entire series is included and is 

Shale.········:························ ·_· ___ 0 400 feet or more in thickness. Above the 
'Trinidad sandstone: · 32 10 

Sandstone containing fossil plants near the 
middle ..................... ::......... 100± 

~Pierre shale: 
Transitional zone. 
Shale. 

1, 377± 

cliff-making sandstones. is another series of 
coal beds, near. the base of which is the Yank;ee 
coal, and still higher there ai·e several coals not 
necessary to· describe in this paper. Above 
the highest bed of coal, at the highest horizon 
froin which fossil plants were collected in the 
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Raton coal field, were .obtained th_e following 
species: 

Fossil plants collected near the top of the Ratonformati~n, in 
Bartlett Mesa, .north of Raton, N. Mex. 

[U. S. Geol. Survey fossil locality No. 5152.] 

Ficus denveriana Cockerell. 
Phtanus rhomboidea Lesquereux. 

· Vitis olriki IIeer. 

BARTLETT MESA. 

LOCALITIES 76-81. 

·severalshort sections were measured east of 
_locality 75 for the specific purpose of showing 
the relation of the Raton formation to the 
underlying rocks. (See Pl. V, p. 56.) The 
coal of the Vermejo formation (Raton bed) was 
traced eastward to locality 8Q but was not 
found east of that locality. The basal sand­
stone of the Raton formation is thin but is 
hard and quartzose and contains. a few pebbles. 
But at locality 81 this sandstone thickens to 
about 30 feet, is coarse grained and massive, 
contains irregularly shaped bodies of con­
glomerate, and is separated from the Trinid~d 
sandstone by a thin layer of dark shale. The 
rocks ab.ove this 30-foot sandstone are the 
same. al? the· coal-bearing shal~ that contains 
the Sugarite ·coal' bed at locality 75 (p. 106). 

LOCALITY 82. 

A section comparable with that at locality 
75 was measured in th~ southern slope of Bart­
lett Mesa, starting at locality 82 and extending 

-to the top of the mesa to -the east. The' Pierre 
shale is not exposed in the canyon at· locality 
82 but is included in the section·because it was 
pe~etrated by a well bored about It miles to 
the southeast. The wen· starts at a horizon 
estimated to be 300 feet below the base of the 
Trinidad sandstone. and reaches a depth of 
2, 700 feet, but does not extend entirely 
through the shale. The absence of limestone 
indicates either that the limestone of the Nio­
brara group to the north supposed to exist 
here was not reached or that there is no lim·e­
stone in such parts of the Niobrara and Benton 
formations as may have· been penetrated. 
The section measured at this locality, including 
the drill record, is as follows: 

Section of rocks measured near locality 82, northeast of 
Raton, N. Mex. 

[For graphic section see PI. X.] 
Ft. in. 

Basalt .................................. . 70 (} 

Basaltic breccia ........................ .. 10. (} 

80 0 
Raton formation: 

Clay, baked ............. ~ ............. .. 6 0· 
Sandstone, massive ............ ~ ........ . 30 (} 

Covered ................................. . 15 (} 

Basalt sill (?), green, weathQred.-... : ..... . 40 0 
Sandstone, cliff making ................. . 30 0· 
Shale .................................... . 4 0· 
Basalt silL ........................... · .. . 2 0 
Shale ............................... · ... · .. '4 0· 
Sandstone .................. · ............• 20 0· 
Shale, sandy ............................ . 60 0· 
Shale, not well exposed .................. . 80 0· 

Coal ....................... · ........ . 1 0· 
Shale:-.................................. ·. 30 0· 

Coal.~ ............................. . 3 0· 
Shale ................................... . 45 0· 
Shale, carbonaceous ..................... . 4 0· 

Coal ...................... · ......... . 1 G 
Sandstone, massive, cliff making ........ . 30 0· 
Shale ................................... . '25 0· 
Coal, with partings of shale ............. . 5 0· 
Shale and sandstone, alternating layers ... . 90 0· 

Coal ............................... . 1 0· 
Shale with thin beds of sandstone ........ . 25 0· 

Coal with partings of shale ........... . 6 0· 
Shale with thin beds of sandstone ......... . 30 0· 
Sha.le, carbonaceous ..................... . 3 0· 

Coal ......................... ___ .... . 1 0 
Shale, carbonaceous ...................... . 25 0· 

Coal, lower 3 feet clean, upper 2 feet 
with partings of shale ......... ~ . -_ .. 5 0· 

·Shale, carbonaceous ..................... . 15 O· 
Sandstone .............................. . 10 0· 
Not exposed ............. : . ............ . 60 0· 
Shale, carbonaceous, with 6 inches of coal. 6 0' 
Shale .................................. . 10 0 
Sandstone, massive, Cliff making ... _ ..... . 50 0· 
Sandstone, massive ..............•.. : ... . 20 0· 
Shales and sandstones interbedded ....... . 70 0· 
Shale, carbonaceous at the base ..... · ..... . 20 0· 
Sandstone, massive, cliff making ...... · .... . 40 0· 
Shale with thin base of sandstone ....... : . 50 0 
Shale, carbonaceous at the base .......... . 10 (} 

Sandstone, massive, cliff making ........ . 28 0 
Shale not well exposed ............... .' .. . 15 0· 
Sandstone ........ ~ ...................... . 6 O· 
Shale ............................... · .... . 2 0· 

Coal (Sugarite bed) .................. · .. 3 0· 
Shale, black, carbonaceous ............... . 15 0· 

Coal ............... · .............. _-_. 1 0· 
Sandstone ........... _- .................. . 6 0 
Shales and sandstones, alternating ....... . 25 ()> 

.-
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Raton formation-Continued. 
Shales, black, carbonaceous .............. . 
Sandstones and shales, alternating ....... . 

Ft.· 
2 

45 

in. mississippiensis? O:..esquereux) were collected 
0 by Knowlton from the same n1ine. 
0 

Shales, carbonaceous, containing thin beds 
of coal. ............•................... 

Sandstone, conglomeratic,: .............. . 

Unconformity. 
Trinidad sandstone: 

Sandstone, white, massive .............. . 
Pierre and older(?) shales: · 

Transition zone. 
Shale ................................... . 

15 0 
C)~ 
.:..0 0 

1,170 6 

100± 

3, OOO+ 

4,350± 

· No rocks that can be refe.rred to the Ver­
mejo were .found at locality 82. The basal 
conglomerate of the Raton formation rests 
directly on the Trinidad sandstone. The coal 
beds and the various groups of -rocks described 
in section 7 5 were recognized in this section. 
(See Pls. V and X.) The formations were 

. traced eastward fron1 this locality and exam:.. 
ined in detail. in several places, but no com..: 
plete section of' then1 was measured between 
localities 82 and 83, a distmice of about 2! 
n1iles. The Pierre shale and the Trinidad 
sandstone continue unchanged in character 
through this .distance, but no rocks were found 
above the Trinidad th~t can be referred to· the 
Vermejo forn1ation. For some distance east of. 
locality 81 the basal conglomerate of the Raton 
fol'lnation can be recognized, but still farther 
east the base loses its conglomeratic character. 

The zone of coal-bearing ·shale above the 
conglo1nerate continues eastward with little 
change in character. The Sugarite coal bed, 
which was recognized at several places along 
the outcrop, has been mined for several years 
at the Sugarite Inine,. also lmown. as the old 
Wagon rnine, half a 1nile west of locality 83. 
The san1e relations obtain here as at locality 
82. In the sections farther east the main or 
Sugarite co.al bed is 90 to 100 feet above the 
base of the Haton formatiqn, and another thin 
bed of coal occurs about ·15 feet below it. 
Great 111.~1nbers of fossil plants. belonging to 
the Raton flora occur in the roof shale of the 
mine, pahn leaves being especially abundant 
and perfect. Sabal inquirenda Knowlton and 
Sabal? ungeri .O:..esquereux) Kho\\rltmi were 
collected fron1 the roof of the mine (U. S. 
Geol. Survey fossil locality 5143) by the writer. 
Acer jragilis Knowlton and Oinnamomum 

SUGA.R~TE CANYON. 

LOCALITY 83 .. 

In the southeast point of Bartlett Mesa near 
the mouth of Sugarit.e Creek the rocks extend­
ing from .the upper part of the Pierre shale to 
the basalt . eap of the mesa are well exposed. 
The following section 'was measured .. at loc'al­
ity 83, .about 2! miles from· loca~ity 82. The 
Pierre_· shale is exposed in barren slopes and 
contains concretions ·of limestone in which a 
few poorly preserved fossils were fou.nd. The 
transitional zone near the top of the shale is 
not prominent at this locality, and in measur­
ing the section it was included with the shale. 
The section follows: 

Section of rocks measured at locality 83, east of Raton, N Mex . 

(For graphic section sec PI. X.] 
Ft. in. 

Basalt .. :.· ........................... ~ .-:•:,. :J 80 
Sand and clay, unconsolidated ............ · 17. 

97 
Raton iormation: 

Sandstone, massive, yellow, friable." .... . 17 
Covered .................................. · 52 
Sandstone, gray, massive .......... · ....... . 1& 

Coal .... · ........................... . 2 
Shale ................................ . 1 
Coal ................ _. .... · .......... . 
Shale ................................ . 1 
Coal ..................... , ......... . 1 

· Shale ............................... . 1 
Coal ............................... . 1 

Shale .... _ ......... .' ...... : .............. . 6 
Sandstone, gray, coarse grained ... · ....... . 30 
Covered ............................... . 30 

Coal ......... ·.· ............ · .... · .... . 1 
Sandstone .......................... . 
Coal ............................... . 1 

Shale and sandstone in alternating layers .. 47 
Sandstone, massive ............. ~ ....... . 8 

. Shale ................................ ·.· .. . 24 
Coal.· ...... · .•....................... 1 

Shale, carbonaceous, and sandstone in alter-
nating layers ......................... . 

Sandstone, bt:own ....................... . 
27 
5 

Shale, leafy .. : . ... ~ .................... . 
· Coal .......... , .... · ... · ..... _._ ...... . 1 
Shale ................................... . 4 

Coal ..... · .......................... _· 
Shale, blue ............................ . 5 
Shale, carbonaceous, with thin beds of coal 8 
Shale and sandstone interbedded ......... . 17 
Sandstone, massive, .... ;: .... -.......... . 3 

0 
0 

·0 

0 
0 
0 
0 
0 
6 
7 

10 
6 
0 
0 
0 
0 

10 
6 
6 
0 
0 
0 
8 

0 
0 

10 
2 
0 
G 
0 
0 
6 
0 
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Raton formation-Continued. 
Shale, leafy ........................... ;. 

Ft. tn. shale (probably the same as the 15 feet of sim-

Coal .............................. : .. 
6 ilar shale above the conglomerate of section 82) 
~ rests direC:tly on the Trinidad. A 3-foot bed of 
7 coal, found about 75 feet above·the Trinidad, 
8 may be the thin bed 15 feet below the Sugarite 
6 bed; but the rocks are not exposed at the hori-

Shale .............................. ~. 1 
Coal ........................... c •••• 

Shale ............................... . 
Coal ................................ · 2 

Sandstone and shale containing ironstone 
concretions poorly exposed ........... . 

Sandstone, gray, massive ; .............. . 
Coal ............... :~ .............. . 

Shale, gray ......................... , ... . 
Sandstone; gray, cross-bedded, massive .. . 

107 
30 

4 

35 
100 

zon where the Sugarite bed should outcrop. 
~ The cliff-making sandstones above the Sugar­
s ite bed are prominent, and above them occur 
o several b_eds of coal, the lowest of which is called 
o · the-Yankee coal bed. 

Shale, probably with beds of sandstone .. . 
Sandstone .............................. . 
Not exposed ........................... . 
Shale, with thin beds of coal ............ . 

. Coal ............................... . 
Shale ............................. · ...... . 
Sandstone ............................... . 
Shale, with thin beds of coal. ..... : ..... . 

Coal, s?aly .... ~ •.................... 

4 
40 
35 
3 

46 
4 

25_ 
1 

0 In Sugarite Canyon th~ rocks are so badly 
~ covered ·with surface debris ·and dense growths 

0 of underbrush that they could not be satis-
0 factorily measured. Croppings of coal were 
o observed in many places, and mines have been 
0 developed in the Sugarite coal on eithe:r; side 
~ of the canyon, but the beds could not be fol~ 

lowed continuously except where prospect 
4 openings have been n1ade in then1. However, 

----
759 

Unc~nformity. 
Trinidad· s~ndstone: 

====== some of the rocks at locality 84, at the foot of 

. Sandstone, massi:re, white, containing 
Halymenites major Lesquereux. The 
upper 3 feet are rusty brow:n and nodular; 

Barilla Mesa in the east wall of Sugarite Can­
yon, about a rnile northeast of locality 83, are 
weU exposed, and the two sections can be corre-

contain fragments of bone ......... · .... . 
Pierre shale: 

Transitional zone. 

96 0 lated without reasonable doubt. In the roof of 
the new Sugarite mine opened in .the east wall 

Shale .. · ............................ · ..... . 248+ 

1, 200+ 

The Trinidad sandstone is 96 feet thick at 
locality 83 and does not differ in any notable 
way· frmn the Trinidad at the localities pre­
viously described except that th~ upper few 
feet are wholly differe~t fron1 the n1aterial 

. below and wholly different in appearance fron1 
the material·at the tq,p of the fonnation farther 
we~t, where it is overlain by. the Vermejo. At 
this~ locality_ :th~. _top. of the sandstone has a 
rusty-brown _color, is harder than the lower 
parts, :so ·that it stands -out in the sides of the 
mesa· as a well-marked cliff, and is very irreg­
ular, suggesting an eroded surface. The ·hard­
bro~n l~yer suggests exposure .. at the surface, 
during which the sandstone was oxidized and 
'' case,., hardened. · The same character was 
noted east of· this locality at the several places 
{s.ee Pl. X) where the Vermejo is not repre­
sented and where the Raton rests on the Trini-
dad. sandston~-- . ' , 

The basal sandstone of the Raton form~tion, · 
which is 25 feet thick at locality 82 but whi~h 
farther east thins out sharply, was not found' 
at locality 83, where 25 _feet of coal-bearing 

• 

of Sugarite Canyon (6530) the writer found 
beautifully preserved sp(3cimens of Magnolia 
magnifolia Knowlton, A pocynophyllum wilcox­
ensis ·Berry, Palmocarpon palmarum (Lesque­
reux) Knowlton, and other forms usually found 
at n1uch higher horizons in the formation 
(6530). . The Magnolia is worthy of special 
note, being very abundant in the upp~r part of 
the Raton forrnation but rare in the lower part . 

YANKEE AREA. 

GENERAL FEATURES. 

Yankee is a coal-mining town situated in a 
·deep embayment between Barilla Mesa and 
Johnson Mesa. The Pierre shale and Trinidad 
sandstone are well ~xposed, but no rocks refer­

. able to the Vermejo formation have been found 

. except ·at the one locality mentioned below. 
The Raton form~tion rests with irregular base 
(see Pl. XI, .B), quartzose in some places, on 

·the Trinidad, with which it forms cliffs. About 
a nlile north of Yankee a prominent shelf, 
bordered by cliffs, consists of light-colored fri­
able Trinidad sandstone capped by a hard, 
yell~wi,sh-brown sandstone about 10 feet thick. 
The two sandstones are sepanited by carbona­
ceous shale having a maxin1um thickness of 3 
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A. GOAT HILL, AT RATON, N. MEX. 

Showing cliff of Trinidad sand stone, beneath coa l-bearing Vermejo formation a nd above Pi erre s ha le. 

B. CLIFF IN NORTH SLOPE OF JOHNSON MESA SOUTH OF YANKEE, N. MEX. 

Showing basa l sandstone of Raton formation resting unconformably on Trinidad sandstone. 
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feet and containing _thin sean1s of coal. The 
upper sandstone is obviously the basal layer 
of the Raton fortnation, and the carbonaceous 
shale semns to be an erosional retnnant of the 
Ver1nejo for1natiw1. 

A sin1ilar occurrence was found in the north 
side of Johnson Mesa south of Yankee and just 
east of the volcanic cone. The lowest sand­
stone of the Raton formation here rests with 
uneven base directly upon the light-colored 
friable Trinidad sandstone. (See Pl. ·xi, B.) 
This quartzose sa~1dstone was observed resting 
unconforn1ably on the Trinidad in sinular rela­
tion at several .localities, notably in the west 
slope of Jolmson Mesa, the east slope of Barilla 
Mesa south of Rathl?un Cany.on, and near the 
Color.ado line north of Bear Canyon. In other. 
places the quartzose sandstone was not found, 
and the shale whic~1 nor1nally lies above it rests 
directly on the Trinidad. 

The lowest coal of com1nercial in1portance in 
the Raton formation is the Sugtu:i te bed. It 
has been opened in ·several ·places. The sand­
stone cliffs of the so-called "barren series" 
above the Sugarite coal are prominent. The 
c'ouls above thmn have been mined near 
Yankee. The tops of the mesas surrounding 
Yankee are covered with basalt outpoured as 
sprfn.ce flows ~n late Tertiary or early Quater-

. nr~ry time. In many places the basalt rests 
on beds of gravel and boulders consisting 
principally of crystalline and 1netamorphic 
rocks. IIowever, since ~his paper is devoted ' 
mainly to the structural and age relations of 
tho Vermejo arid Raton formations little· will 
be said of these younge~· ·rocks. 

MOU'.L'H Ol!"" SUOAlUTE,CANYON. 

LOCALITY 84. 

At the southwestern extremity of Barilla 
Mesa, near locality 84, the rocks fr01n the top 
of the Pierre shale to, the Yankee coal bed are 
well exposed, but the higher beds are badly 
obsctu·ed at the outcrop. No details were ob­
tained of the Pierre shale, and the thickness of 
the Trinidad sandstone was estimated .. De­
tailed examination began at the top of the 
'i'rinidad, which is hard arrd brownish red in 
color (as at locality 83) an<;l forms a shelf in the 
side of the tnesa. ·Above this shelf rests the 
coal-bearing shale of the Raton formation, 
which was exan1ined and 1neasured as shown in 
the following section: 

Section·ofrocks measured at locality 84, in the side of Barilla 
1.l1esa, near the mottth of Sugarite Canyon, N. },fex. 

(For graphic section see PI: X.] 
Ft. in 

Basalt ..... ·............................... 50 0 
Raton formation: 

Shale and sandstone, with beds of coal; not 
continuously· exposed ...... · ............... 250 0 

Sandstone................................. 6 0 
Shale and sandstone, not continuously ex-

posed ...................... - ..... - .. - .. - 75 0 
Sandstone .......... ~ ..................... . 6 0 
Shale, with ironstone concretions and thin 

beds of coal ............................. . 22 0 
Yankee bed: . 

Coal ............. ~ .. _ .. _ . _ .. _ : ...... _ . 11 
Shale .... ~ ....... ·- .................... . 5 
Coal .. : ........................... _ .. . 8 
Shale .................................. , 2 
Coal .. ~ .............................. ·. 6 
Shale ................................. . 2 
Coal ................................. . 2 7 
Shale ................................. . 8 
Coa;l ................................. . 6 

Shale, carbonaceous, with ironstone con-
cretions ................................ . 20 0 

Shale, carbonaceous ................. · ..... ~ .. 2 0 
Shale, carbonaceous, with ironstone con-

cretions ............ · .................... . 10 0 
Sandstone, cliff making .............. · ..... . 
Not' exposed ......................... : ..... ·. 

20 0 
15 0 

Sandstone, cliff making ..... : . ............ . 5:3 0 
Shale, not continuously exposed ........... . 50 0 
Sa~1dstone, cliff making .... : . ............. . 38 0 
Sandstone and shale, in alternating layers .. . q4 
Shale, \vith thin beds of coal ............... . 4 0 
Sandstone ............................ · .. : . . 4 0 
Shale, sanely ............................... . 32 0 

Coal (Sugarite bed) ................ ~ .. . 3 5 
Sandstone and shale, in alt~rnating layers, 

not well exposed ........................ . 50(?) 
Coal ....................... ~ ... , ..... . 1 8 

Shaie ........ _·_ ........................... . 40 0 
Sandstone .... ~ .... ~ ...................... . 8 0 
Shale .......... : ...... _ .. • .. _ .... _·_ ...... · .. _ 1 0 
Sandstone, clean, nodular ...... : ........... . 1 0 
Shale, black, carbonaceous ................. . 2 0 

Coal .......... -----------·------------ 8 
Shale ........... _ ....... __ . ______________ ... _ 9. 0 

Unconformity. 764 2 
Trinidad sandstone ..... __________ · __ .. __ ~ __ •.. __ 100± 

Pierre shale: 
Transitional zone. 
Shale. 

914± 

No rocks were found that could be referred 
to the Vermejo formation,. and the sudden 
change in the character of the sedirr10ntary. 
rocks from hard oxidized sandstone at the top 
of the Trinidad to soft shale above. is sufficient 
in itself to suggest the unconformity.which the 
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absence of the V ermejo formation proves. A f 

thin bed of emil found about 60 feet ·above the 
base .of the coal-bearing rocks is probably the 
3-foot _bed of coal near the .base of section 83. 
The thickness of the Sugarite c.oal bed, which 
has been opened near this locality, was meas­
ured in t;he opening at the old Hartzell mine, 
but the rocks between this and the lower thin 
bed may be less than the 50 feet indicated in 
the section. The relations of the two beds could 
not be satisfactorily determined at the point 
where the measurements were. made. The cliff­
making sandstones are well exposed and the 
Yarikee coal bed was found above them, but 
few details were obtained of the higher beds. 

YANKEE M-INES. 

GENERAL FEATURES. 

East of locality 84 the top of the Pierre shale 
is exposed in the valley near Y ~nkee. The 
Trinidad sandstone forms a cliff in several 
pla-ces and is easily recognized, but is not con­
tinuously exposed. The coal beds have. been 
opened in several places near Yankee, and al­
though their outcrops can not. be followed con­
tinuously there is little doubt of the identity of. 
the beds_ in the lower part of the sec~ions. The 
Raton coal, which is the. one commonly known 
as the "main coal" west of Raton, does not ex­
ist in the Yankee district and there are no 
rocks that ean be referred to the Vermejo for­
mation. _The Sugarite coal bed is the lowest 
coal of any· cqnsid.erable value in this district 
and has· been ·opened in many places. Al­
though it can not be traced continuously be­
tween these openings. the author has little 
hesitancy in drawing the correlation lines con­
necting the coals at this he>rizon. (See Pl. X, 

. p. 108.) 
The Yankee coal has been exploited at the 

Yankee_ n1ines near locality 85, and the higher 
beds have been opened near by, but although 

. short sections of the rocks are exposed i~ 1nany 
places the only comprehensive section measured 
at the surface is at locality 86. 

The most complete section of the rocks in 
this part of the :field was obtained from the 
record of a drill hole put down in Horse M;esa, 
the lobe· of Barilla Mesa west of Yankee. The 

Rocks penetrated by diamond drill in Horse Mesa.· 

[For graphic section, see Pl. X.) 
Ft. in. 

Shale, sandy......... . . . . . . . . . . . . . . . . . . . . . . . . . 49 
~andstonec ....................... :........... .4 

Coal, shaly ............................... . 
Shale: .......... : .............. : ........ 1 
Coal ~ ..... · .. ~ ............ _ .............. ·. 1 
Shale ............... _ .................. . 
Coal..................................... 1 

Shale .................. ~ ..... ." .............. 33 
Coal......................................... 2 
Coal, shaly .................. ~ ....... · .... . 
Coal ............................... , . . . . . . 2 

Shale, sandy ........................ ·. . . . . . . . . . . . 6 
Coal ................... _.................. 1 

Shale.~ ........................ : . ........... 13 
. Coal~· ... =.......................... . . . . . . 1 

Shale.· ................... , .................. 41 
Sandstone ............ · .................. -.- .. ·.·· 29 

Coal,_ sbaly ................ _ . · ............ . 
Shale .............. · ....... : . . . . . . . . . . . .. . . . . . 3 

Coal ..... _ ............................... . 
Shale .................................. . 
Shale, with thin seams of coal... . . . . . . . . . . . 1 

Shale ............................... -....... : . 5 
Coal ..... _ ................ ~ ............... . 

Shaler sandy......... . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Coal ... ~ ............. · .................... . 

Shale .... · ................................... 13 

0 
G 
G 
2 
8 
2 
0 
0 
1 

11 
8 
8 
1 
0 
6 
0· 
8· 
4 
4 
8 
5 
4 
3 
3 
4 
9 
8 

Coal .......... , ........ ~................. 7 
Shale ........................................ 16 5 

Shale, with thin seams of coal. ....... : ..... · 1 0 
Coal..................................... 1 7 

Shale ........................... ~............ 5 5 
Coal, shaly............................... 1 10 

Shale ............................... _ . . . . . . . . 21 2 
Coal ........... : ........ : ............. : . . 7 

Shale. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 85 3 
Coal ............ : . . . . . . . . . . . . . . . . . . . . . . . . 1 . 10 

Shale,· sandy ........................ : ...... : . . 39 9 
Coal..................................... 1 10 

Shale, sandy ....... ~. . . . . . . . . . . . . . . . . . . . . . . . . . 4 1 
Coal ......................... ·............ 4 

Shale....................................... 4 10 
Coal .................................... . 
Coal, shaly.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal..................................... 5 
Shale................................... .1 

10 
3 
0 

·o 
.Coal ...................... _. .......... ·. . . . 1 2 

Shale, sandy .................................. 17 4 
Coal. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Sandstone, shaly ....... : . . . . . . . . . . . . . . . . . . . . . . 26 8 
Coal ........................... :.......... 5 

Shale, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 8 
Coal..................................... 1 4 

Shale .................................. •. . . . . . . . 1 
Coal..................................... 1 1 
Shale .............. ·....................... .·10 

0 
top of the hole is near the rim of the mesa, so · -
that the section includes practically all of the Coal.··········--····--······--·········· 1 0 

4 
"6 

Shale ................. ~ .. · ....... -... : ......... ·. 8 
sedimentary rocks below the overlying sheet of Coal, shaly _ ...... _ .. _ ... _ .... _· __ ..... _ .. , 
basalt. The section follows: Coal. ................................... . ·"S 
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Shale-:Continued. Ft. in. 

Shale ..................................... . 6 
Coal ............ ··.· ..................... . 4 
Shale ... :········ ........................ . 8 
Coal .................................... . 1 4 

Shale ........................... · ............. . 12 6 
Coal, shaly .............................. . 7 

Shale .......................... - ............. . 1 4 
Coal, shaly ..................... _ ........ . 8 

Sandstone, with layers. of shale ................ . 205 8 
Shale ............................ • ......... -. · · 11 8 

Coal .. · ...••..................... · ........ . 11 
. Sandstone, with partings of shale .............. . 40 3 

·coal ........................ · ............ . 3 
Shale .................................... . 4 
Coal, bony ...................... , ....... . 6 
Shale ...................... ···.·· ......... . 1 .1 
Coal .............................. -··: ... . 2 9 
Shale .................................... . 1 7 
Coal ..................... : .............. . 6 

Shale, sandy ................ , ....... · ......... . 28 1 
Coal .................................... . 3 0 

Shale, with thin bands of sandstone ........... . 62 7 
Sandstone (Trinidad).· ........................ . 8 6+ 

---
903 7+ 

FOSSILS. 

Several small collections of fossil plants were 
made near Yankee, the localities of which are 
sufficiently indicated by the United States 
Geological Survey fossil locruity numbers; 
(See Pl. I, in pocket.) Near the old Honey­
field 1nine, 7 5 feet above the base of the Raton 
formation (5140), Anemia hesperia Knowlton, 
Laurus ratonensis Knowlton, Ficus ratonensis 
Knowlton, Quercus? ratonensis Knowlton, al)d 
Oelastrus? sp. were collected. About 125 feet 
higher (5141) Platanus guillelmae Goppert was 
found. A little farther east in the east wall of 
the gulch near Yankee mine No.5 (5139) a large 
palm leaf, Geonomites tenuirachis Lesquer~ux 
was found about 100 feet above the base of the 
Raton formation. Only a small part of. the 
fossil, which measured 33 inches in length and 
whose rachis extended to the extremity of the 
part preserved, could be collected. Platanus 
guillelmae Goppert was found in slide rock 400 
feet above the base of the Raton formation 
(5138); and 50 feet higher (5137) Ziz.yphus 
meiggsii (Lesquereux) Berry, Dryopteris? sp., · 
Fic'Ujs denveriana Cockerell, and Nyssa? race­
mosa Knowlton were collected from rock 
in place. About 50 feet higher (5135) or 500 
feet above the base of the Raton Oinnamomun~ 
1nississippiensis? Lesquereux was found; and 
from the highest rocks exposed (5134) were col-

470190-17-S 

lected Berchemia multinervis (Alexander Braun) 
Heer, and Sterc'l}l~a berryana Knowlton. 

Still farther east in the roof of the Raynolds 
coal mine (5133), at a horizon 600 feet or nlore 
above the base of the Raton formation, Juglans 
sapindiformis Knowlton and Sabal? ungeri 
(Lesquereux) · Knowlton were found. In a 
gulch a mile southeast of this n1ine the following 
species were collected: · 

Fossil pla'fl,ts collected near Yankee, sec. 29, T. 82 N., R. 25 
E., about 400 feet above the base of the Raton formation. 

[U.S. Gcol. Survey fossil locality 5142.) 

Apeibopsis? neomexicana. Knowlton. 
Ficus denveriana Cockerell. · 
Ficus pseudopopulus Lesquereux. 
Ficus schimperi Lesquereux. 
Juglans rugosa Lesquereux. 
Magnolia angustifolia Newberry. 
Terminalia hilgardiana (Lesquereux) Berry. 
Quercus? neom.exieana Knowlton. 
Sabal? rugosa· Knowlton. 
Sabal? ungeri (Lesquereux) Knowlton. 
Sapindus caudatus_Lesquereux. 
Zizyphus fibrillosus (Lesquereux) Lesquereux. 

LOCALITY 86. 

The section measured at locality 86, about a 
mile northeast of the t·own of Yankee, extends 
from the Pierre shale, which is exposed at the 
botto~ of the valley, to the lavas at the ~op of 
·Barilla Mesa. Little attention was ·given to 
the Pierre shale or to the Trinidad sandstone, 
but the coal-bearing rocks were measured as 
accurately as the condition of the surface per­
nlitted. The section follows: 

Section "of rocks measured at locality 86. near Yankee, N. Jfex. 

Tertiary ( ?) rocks: Ft. in. 

Basalt .............................. : . . . . . . . 25 · 0 
Sand and gravel qnconsolidated. . . . . . . . . . . . 80 0 
Conglomerate................................ 10 · 0 

115 0 
Raton formation: 

Covered ................................. . 60 0 
Coal ............................... · .. . 4 

Shale and sandstone, not continuously ex-
posed ......... ·.· ............. · .......... . 104 0 

Coal .... · ............................. . 4 0 
Not exposed ... : ........................... . 8 0 
Sandstone, yellow ......................... . 15 0 
Not exposed ........................... : ... . 12 0 

Coal, impure ......................... . 2 5 
Not exposed ............................... . 24 0 

Coal ...... ." ............... ~ .......... . 6 
Shale ........................ .- .......... . 18 0 

Coal ................................. . 5 
Shale ...................... · ............. . 35 0 
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Raton formation-Continued. ·Ft. tn. used in correlating the formations described in 
Sandstone, yellow .... ······················· 2 0 this paper and need not be discussed in detail. 

Not ~~~rs_e_~ ~ .·. ·. ·. ·. · _- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2~ ~ Above the highest bed of coal is a mass of 
Not exposed .. · .................. : ....... ~. 34 o m9re ·or less unconsolidated gravel of Tertiary 

Coal (Sperry" mine).................... 3 2 age, on which lies the basalt that forms the 
Shale ............ ~ ................... - . . . 2 0 cap rock of the mesas~ 

Coal, bony· · · · · · · · · · · · · · · · · · · _. _. · · · · · · · 6 The higher rocks of this section were traced 
Shale, yellow, and thin bedded at top; gray 

and massive near base .. _ ........ __ .... _. 18 0 southeastward around the po~nt of Barilla Mesa 
Not exposed ....... ·....................... 36 o to lq~ality 92. Some of the higher beds of 
Sandstone, brown, with iron concretions.... 8 0 coal have been opened near Norman's ranch 

Coal, bony .. -.-·---·---··-----·-··--·· 6 on the southern extremity of the mesa, where 
Sa,ndstone ... · · · · · · · ·.- · · · · · · · ···· · · · · · · · · ·· · 12 0 the following fossil plants were collected: 
Sandstone-and shale, in alternating layers. . . 24 · 0 

Coal .................... : ... _ ......... . 6 Fossil plants collected north of Norrrian' s ranch about 50 
Shale ..................... : ...... _ ......... . 
Sandstone, cross-bedded ...... ·. . . . . . . . . . . . . . 10 

4 0 feet above the base of the Raton formation. 

Coal ........ : ........... · ........... ~ .. 
Shale ..................................... . 2 
Sandstone ...................... ~ ......... ~ 5 
Sand, carbonaceous .......•............... · .. · 4 
Sandstone ....................... : ........ . 3 . 
Shale .............. -....... · : . . _. .' ........... . 2 
Sandstone, yellow ......................... . 5 
Sandstone and shale, in alternating layers .. . 12 
Sandstone, yellow, massive ................. . 5 

80 
6 

0 
4 

0 
0 
0 
0 
0 

·o 
0 
0 
0 
0 

[U. S. GeoL Survey fossil)ocality 5132.] 

Apocynophyllum lesquereuxii. Ettingshausen. 
Cinnamomum mississippiensis? Lesquereux. 

. Fic_us denveriana Cockerell. 
Ficus planicostata clintoni (Lesquereux) Knowl­

ton. 
Magnolia magnifolia Knowlton. 
Platanus guillelmae Goppert. 

JOHNSON MESA. 

LOCALITIES 87-91. 

Shale and sandstone, in alternating layers.~. 
Shale, carbonaceous, with thin beds of coal.. 
Shale and sandstone, not continuously ex-

posed ................................ ·... 30 
Coal (Sugarite bed) ... ·................. 2 

Shale.................................... 9 
Saadstone, friable ... :· .......... : ...... ~-. . . 12 

Coal.................................. 1 

0 The rocks of the lower part of the section 
6 measured at locality 86 were traced southward 
O to Johnson Mesa, where several sections were 
0 Ineasured but· need not be described in .detail. 
2 

Shale and sandstone-, not well eA. posed .... : · 82 o The Pierre shale is exposed on all sides of the· 

Unconformity. 725 8 
Trinidad sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . 100 ±. 
'Pierre shale: 

Transitional zone. 
Shale. 

940±. 

Not only do no rocks of Verniejo age occur at 
this locality; but no sandstone that can be con-· 

. fidently correlated with the basal conglomerate 
of the Raton fonnation was found. The rocks 
above the Trinidad consist principally of soft 
shales, some· of which are carbonaceous and 
contain thin beds of coal, interbedded with 

'layers of friable sandstone and lenses of iron­
stone. A thin bed of coal occurs about 82 feet 
above the base, and the Sugarite coal bed a 

·little higher. The cliff-making sandstones are 
recognizable here, but they are not so massive 
as they are farther west, and three thin beds of 
coal were found in thmn~ The Yankee coal 
. bed was recognized above the cliffs and has 
been exploited to son1e extent in the Sperry 
mine. Several higher coal beds are included 
in the section, but they are not specifically 

~esa. . The Trinidad sandstone · occurs in 
characteristic developm~nt south . of Yankee 
and in the :west slope of the mesa near local-
ities 87 and 88 but becomes· inconspicuous 
farther south and ·east. In the southern slope 
of. the mesa it does not form a cliff and its 
thickness" could nowhere ·.be . satisfactorily 
measured. . At locality 89 near the· eastern 
limit of its extension it is thin and incon­
spicuous. In the north slope of the mesa its 
occur~ence is similar to that in.the south slope. 
It is exposed .in several places· south and east 
of locality 93 but nowhere does it attain· a 
prominence comparable to that farther west. 
No rocks that can be referred to the Vermejo 

·were found in Johnson Mesa, where apparently 
the post-Vermejo erosion carried away not 
only all rocks of this formation but part of the 
Trinidad· sandstone as' well, so that when sedi­
mentation was renewed in early Tertiary time 
the first deposits accumulated on an uneven 
surface of Trinidad sandstone. The lowest 
stratum of these younger .deposits is well 
exposed in several places near localities 87 and 
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: 88. It is hard, quartzose, and slightly con­
glmneratic. 

HORSESHOE AND BARILLA MESAS. 

LOCALITIES 92 AND 93. 

The coal-bearing rocks are well exposed in 
only a few places east of Barilla Mesa. In 
the eastern face of I-Iorseshoe Mesa those in 
the lower part of the Haton formation are 
exposed in a cliff forn1ed by a landslide at 
locality 93, and some of the coal beds crop 
out at locality 92. But the best section of 
the rocks east of Barilla Mesa is shown in the 
following record of a dian1ond-drill hole put 
down in the eastern slope of Barilla Mesa: 

Rocks penetrated by diamond drill on Barilla Mesct. 

[For graphic section soc PI. X, p. 108.] 
Ft. in. 

Shale, .sandy ............. ~ .................... . 71 0 
Shale, with thin seams of coaL __ ..... _ ... : .. 9 7 
Coal .. ______ . ___ ... ___ ._ .... _. __________ ._ 2 1 

Shale, with thin beds of sandstone ... _ .... _ ..... 50 11 
Coal .... __ .. ____ ._ ... ______ ._. ___________ _ 10 
Shale ........... _ ................. _. ____ .. _ 2 
COal .... : _ . ___ .. __ ... ~ ...... __ .. _ ... __ . __ . 2 1 

Shale .. ___ . ______ .. ~ __ .. · .... _ ......... _._._ ... _ 2 8 
Coal .. _ ............... _ .... ______ . __ . _____ _ 2 ·s 

Shale .. ______ •.. _ ... __ . __ ._._ ...... __ ..... ___ .. 11 0 
Coal, shaly. _____ .... _ .... · ..... _ ...... _ .. __ 1 6 

Shale, sandy ........ _ ....... , ................. . 15 6 
Coat". ... --··-··.: ....... _ ..... ____ ....... . 6 

Shale ........ _. __ ..... _ ....................... __ 6 s 
. Coal, shaly ................................ . 6 

Shale ......... : ............................... . 6 4 
Coal~ shaly ....... _ ....... _ ............ _. __ . 3 0 
Shale .. _. ____ ............................. . 10 
Coal ... ___ ............. _ ..... _ ... ________ _ 8 

Shale and sandstone ...... _ .................... . 32 8 
Coal, shaly ... " .. : ...... _ ............ _ .... . 6 

Shale, sandy ... ____ ....................... _ ... . 15 10 
Sanrlstone .................................... . 31 0 

Sandstone, with thin beds of coaL ......... . 2 2 
Coal ..... _ ......... _ .. __ ..... ____________ _ 2 5 
Shale .. _~. _____ ................ · .......... _. 5 
Coal ....... _ ............. _ ...... ___ .. ___ .. 1 2 
Shale, with thin beds· of coal._ .. _. ___ : ..... . 1 4 

Sandstone and shale .... _ .. _ ................... . 111. 0 
· CouJ, shaly __ . _ .. __ .. __ ................... . 4 

Sandstone and shale ... _ ................ , ...... . 128 0 
Coal ... ~ ....... __ ........................ . 3 2 

Shale, sandy .......... : . ...................... . 3!) 11 
Coal ................. __ .... _. ____ . _______ _ 1 0 

Shale ... ________ ..... · .......................... . 14 .3 
Coal ........................ _ ............ . 1 1 

Shale, with sandy layers .. w .................... . 115 !) 

Sandstone (Trinidad) ....... __ ................. . 18+ 

638+ 

The Pierre shale is characteristically de­
veloped; but the Trinidad sandstone, which is 
norn1ally about 100 feet thick throughout 

the Haton Mesa region, is here 1nuch thinner. 
It contains' the characteristic fossil Ilalymenites 
major Lesquereux and does not differ in litho­
logic character from this sands tone as de­
veloped elsewhere. It is possible that the 
Trinidad never possessed_ normal thickness at 
this locality, but it seeins n1ore reasonable to 
attribute its thinness to erosion previous to 
the deposition on it of the sediments of the 
Raton formation. , 

In Bear. Canyon north of locality 93 the sides 
of the mesa are so densely ·forested that little 
was learned of the rock formations above the 
Pierre shale. Still farther. north, near the 
eastern extren1ity of Barilla Mesa, the Trini~lad 
sandstone is exposed for a short distance, but 
no satisfactory section of it or of the overlying 
ro.cks was n1easured. I-Iowever, it is clear that 
no rocks of Vermejo age occur in this part 
of the field, and that, except for localities 
ne_ar the State line where a brown quartzose 
sandstone at the base of the Haton rests with 
uneven base on the Trinidad, the shales of the 
Haton formation lie in contact with the Trini­
dad sandstone as they do in the other places 
described east of locality 81. 

The north ~ide of .Barilla :Mesa in Colorado 
also is densely forested, and the rocks above 
the Pierr.e shale are exposed in very few places . 
Because of this forestation no satisfactory ob­
servations were made on then1 for about 7 1niles 
along the outcrop north of the n1esa. About 
half a 1nile east of San Francisco Creek, how­
ever, the Trinidad sandstone is exposed be-

. neath 25 to 30 feet of coal-bearing rocks that 
probably belong to the Vennejo formation. 
The Vermejo (see p. 122) is well developed 
·toward the northwest, in. the vicinity of Trini­
dad, and it thins toward the east, as in the 
vicinity of Raton. Its point of disappearance 
north of the n1esa is not known, for this point 
lies somewhere in the covered area between 
San Franeisco Creek and the eastern point of 
B"arilla Mesa. 

RATON MESA. 

The north and west slopes of Haton Mesa are 
densely covered with brush,· and in few pla.ces 
are the rocks well exposed. No place was 
found east of San Francisco Canyon where a 
section could be 1neasured satisfactorily.. It is 
probable, howev~r, that· all of the beds de­
scribed from the south slope of Barilla Mesa 
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may be. found here, for the distance between foot thick. A hard sandstone about 40 feet' 
the outcrops on the two sides of the n1esa is only above the to·p. of the Trinidad is probably the .· 
a few n1iles. basal n1ember of the Raton formation; it is 

·The formations were traced along their out- not conglon1eratic so far as was observed, but 
crop northwest of San Francisco Creek and ex- otherwise it is similar in character to the con­
amined wherever the rocks were well expose~. glomeratic sandstone farther west that is un­
Unfortunately good exposures are rare in this doubtedly the base of the Raton formation. 
vicinity becau~e· of the dense growths of brush Above this sandstone shaly rocks nearly 100 

. that covered the north slope of the mesas. feet thick that contain coal at several horizons 
However, ·a considerable number of prospects occupy the position of the lowest coal-bearing 

. have been made with diamond drill between shales of the Yankee district south of Barilla 
San Francisco Creek and Engle, and these Mesa; and their thickest coal doubtless should 
records supplement ·the information ··gained be correlated with the Sugarite bed of that 
from measurements at the surface ... It is not district. .Above these ·shaly beds lies a series 
always possible to correlate the beds reported of. thick, 1nassive, cliff-making sandstones simi­
in these drill records with those observed at the 1ar in thickness and· character to. those which 
outcrop. This 1nay be due to .one of several form the pron1inent cliffs in the vicinity of 
causes, among which may be mentioned (1) the Raton and which, in the parlance of this region, 
absence of characteristic rocks-comparison be- constitute the "barren series." Coal beds 
ing difficult in beds consisting of sandstone, occur above the cliffs in the sa:me general posi­
shale, and coal, all of which vary from place to tions as those exposed in the south slope of the 
place in thickness and in character; (2) the mesa, the lowest of which is known as the 
continuity in. the. drill record and the lack of Yankee coal. The thickest, or 4-foot, coal bed 
continuity in the section pleasured at the sur-: .of the following section is correlated with some 
face, which is likely to emphasize such. promi- confidence with the Yankee bed. ·The higher 
nent features as sandstone cliffs and to mini- ·beds of the Yankee district outcrop in San 

· mize or even-omit thin beds of soft rock; such Francisco Canyon but are so poorly e~posed 
as shale and coal that outcrop in soil-cover.ed that the measured section was not extended to 
slopes; and (3) the different viewpoints .of the include them .. In all essential characters the 
observer, the geologist noting and emphasizing section is con1parable with those measured in 
one group of phenomena and the driller pay- . the sou_th slope of Barilla ~esa and indicates 
ing special attention to quite another group.· that the formations extend through the mesa 
Thus the drill n1ay have gone thr'ough' a con- with little change in character, except that the 
glon1eratic sandstone without any reference to. conglomeratic sandstone which rests on the 
its character or significance appearing in the Trinidad south of the 1nesa is here separated 
record, or through -a plane of unconformity (in fron1 that sandstone by 40 feet of the Vermejo 
passing from one forniation to another) witho~t formation. The section follows: 
the fact being suspected by the driller. .On the· 
othe:r: hand, the drill· record is likely to show 
thin beds of coal and shah~ that are obscured at 
the surftJ,ce and that do not appear in the sec­
tions measured at the outc~op. 

.. SAN FRANCISCO CANYON. 

· LOCALITY 94. 

A poorly exposed sec~ion was examined east· 
of San Francisco Creek (locality 94). The coal 
beds were opened some years previous to the 
ti1ne .of exa1nination, and their thicknesses 
were measured in the old prospect entries. The 
Vermejo formation was measured- again about 
one-fourth mile farther east, where the lowest 

. coal is 2 feet thick and the next higher· bed 1 

Section of rocks measured at locality 94, San Francisco Creek, 
Colo.· 

[For graphic section sc~ Pl. XII.] 

Raton formation: Ft. in. 

Sandstone ............... : . . . . . . . . . . . . . . . . . 20 0 
Shale .............................. ·· .. _..... 25 0 

Coal................................... 1 6 
·Shale .......... ·............................ 15 0 
Shale, carbonaceous, with thin seams of coaL 2 0 
Shale, with layers of sand.stone. : . . . . . . . . . . . 25 0 

Coal (probably the Yankee bed)......... 4 0 
Shale ..... , ... ~ ............................ 20 ·0 
Sandstone..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 0 

• Sandstone and sandy shale .... · ........... :. 90 0 
Sandstone, cliff n:iaking. . . . . . . . . . . . . . . . . . . . 100 0 
Shale, with thin beds of coaL . . . . . . . . . . . . . . 40 0 

Coal (Sugarite bed_?). . . . . . . . . . . . . . . . . . . . 1 6 
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;Raton formation-Continued. 
Shale, ·dark colored ....................... . 

Coal, thin ............................ . 
Shale, carbonaceous, black ................. . 
Sandstone, hard, coarse grained, cliff making, 

probably the base of the Raton formation .. 

Probable unconformity. 
Vermejo formation: 

. Ft. in. 

50 0 
? 

6 0 

10 0 
---

430 0 

Shale, not well exposed ........ ~.. . . . . . . . . . . 15 0 
Coal.................................. 6 

Shale and sandstone, alternating............. 8 0 
Coal.................................. 3 0 

Shale, sandy......... • • . • . • . . . . . • . . . . . . . . . . 13 0 

Raton formation-Continued .. Ft . in. 

Shale ..................................... . 24 5 
Coal, bony .................. · ... : ..... . 1 0 

Shale ............................... : ...... . 18 0 
· Sandstone ................................ . 11 11 

Coal ...... · ........................... . 5 
Shale ................................ · ... :.·. 18 8 
Sandstone ......... : ... ~ .................. . 12 0 
Shale ..................................... . 15 0 
Sandstone .............. : ................... . 1 0 

Coal ................................. . 1 
Shale .............................. · ........ ·. 11 
Sandstone (possibly the base of the Raton 

formation) ................ ~ ............. . 8 0 

381 0 

Trinidad sandstone. 
Pierre shale: 

39 
Vermejo formation?: 

6 Shale ..................................... . 3 3 

Transitional zone. 
Shnle. 

LOCALITY 95. 

469 6 

At locality 95, a 1nile northwest of San Fran­
cisco Creek, a short section was measured. The 
rocks are not well exposed, but s01ne diamond­
drill prospecting has been done i1i the neighbor-

. hood, by aid of which it seems possible to recog­
nize both the Raton. and the Vermejo fornla­
tions. Fr01n these r'ecords and from such data 
as were obtained at the outcrop the following 

. section has been constructed: . 

Sect·ion of rocks measured at locality 95, near San Miguel and 
San Francisco Creek, and penetrated by diq,mond drill. 

(For graphic section sec PI. XII.] 

Coal ............ ~ .................... . 
Shale ........... ·.· ........................ . 6 
Sandstone .......................... ~ ..... . 3 
Shale .... : ................................. . n 

.Coal ........... .- .....................• 2-
Sandstone ................................ . 3 
Shale ..... : ...... · .........................• 

Coal ................................•.• ' 
Shale ...................... · .............•.• 1 

Coal ................................. . 
.Shale ...................................... . 10 

·coal .................................. . 1 

39 
Trinidad sandstone .......•..................... 100± 
Pierre shale: 

Transitional zone. 
Shale. 

520± 

(j 

4 
0 
6 
e 
0 

10 
4 

11 
10 
1 
0 

1 

The Trinidad sandstone, which is about 100 
Haton formation: Ft. in. feet thick at this locality, was penetrated only 

Shale...................................... 8 
Snndstone .............................. ·... 7 
Shale ............................ :.......... 8 
Sandstone .. ' ............................ ·. . . . 7 

2 

o 50 feet by the drill. In the Vermejo forma-
o tion coal was found at the surface. at only one 
0 horizon, but the drill penetrated one thick bed 
~ and several thin ones less than 40 feet above 
2 the top of the Trinidad. A sandstone s· feet · 

Sandstone................................. 29 10 thick and 40 feet above th.e Trinidad at the 

Shale ......................... : .... : ... : .. . 
Coal .................................. . 

Shale .......... ···························· 26 9 outcrop is supposed to lie at the base of the 
Coal.································· 1 . Raton formation. It is h&rd, white, coarse 

~~~!~t~~;~:::: ~ :·::::::::::::::::::::::::::: : ~ grained, cross-bedded, ·and mottled near the 
Shale ..................................... : 5 o base, with the inclusions of clay and fragments 
Sandstone·.· ............... ·. . . . . . . . . . . . . . . . . 2 7 of. carbonized wood ·that characterize the basal 
Shale.·························:··········· 9 q ·conglomeratic sandst~ne of the Raton forma-
Sancistone. · · · · · · · ·. · · · ··· · · · · · · · · · ~ · · · · · · · · ~ · 63 0 tion in many pl~ces throughout the Raton 
Sshalde·t···· ·· ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 2 0 · Mesa region. In some places it consists of 

an s one .............. , ......... ,........ 6 0 
. Shale ............................... ·....... 12 o clean white sand of well-rounded grfi.ins which 

Sandstone ......................... :....... 2~ 0 have been cmnented, apparently by silica, into 
Shale .. ····.·.·························· .. ·· 36 5 a flinty quartzitic mass. In other. places this 

Coal.·····.·.·························· 2 clean white sand contains irregular masses of 
Shalce ... l.(·S·· ·· · ·.·t· ·b· ·d· ;)· · · · · · · · · · · · · · · · · · · · 2 10 buff-colored muddy sand which are usually 

oa ugan e e . . . . . . . . . . . . . . . . . . . . 2 0 
Shale ..................................... ·. 3 8 softer than the white portions. Where these 

Coal. .... : ....... · ................. ~... 6 softer inclusions occur the rocks weather to an 
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uneven craggy surface, this being noted in many 
places where the basal sandstone is only slightly 
conglomeratic. There is no meiition ·in. the 
drill records· of· any character by which the 
basal sandstone _of the Raton formation can be 
identified, and the correlation of the 8-foot 
sandstone in section 95 (Pl. XII) with it is pro­
visional. The Sugarite coal and the shales 
associated with it can be recognized in the drill 
records, as can also the overlying sandstones 
which constitute the so-called "barren series." 
The Yankee coal bed was not penetrated, and 
if the correlations indicated by the dotted lines . 
in Pia te XII are correct this bed occurs at a 
horizon slightly higher than that represented 
by the top of the record. 

GRAY CREEK. 

LOCALITY .96. 

·No good exposures of the coal-bearing rocks 
were found between.locality 95 and Gray Creek, 
about 4 miles to the northwest (locality 96). 
At .Gray Creek the Vermejo formation is well 
exposed, and .three of its coal beds have been 
opened; At the 1nouth of Gray Creek rriine the 
base of the Vern1ejo is not ·exposed, but the 
nlil).e superintendent informed the writer that 
the lowest bed developed in the mine is the 
same as the one exposed in the gulch about 100 
yards east of the mine, where coal· was fbuncl 
about 7 feet abov~ the top of the Trinidad 

·sandstone. The thickness of the Vermejo for­
mation, where measured in the west wall of the 
gulch at Gray Creek, is_ about 77' feet. 

The basal conglomerate of the )laton forma­
tion is here 30 feet thick and is character~stic­
ally quartzose and conglomeratic in the lower 
part: Although the pebbles are not numerous 
several more than half an inch in diameter 
were foUJlcl. The conglmnerate rests with 
uneven base upon shale, and the rocks above 
it are mainly massive, cliff-making sandstones 
which contrast sharply with the shale and soft 
sandstone of undetlying V ermej o b~ds: No 

. coal which can be correlatecl.with the Sugarite 
bed was found. at the place where the sec­
tion was measured. Tllis n1ay be because of 
poor exposure. Richardson· 225b states that 
witllln 150 . feet ·above the Trinidad' sand­
stone in the vicinity of Gray Creek there are 
fron1 two to six beds of coal more than 2 feet 
thick. It is possible that 'one or more of these 
beds occur near the horizon of the Sugarite coal 

above the conglomeratic sandstone. . On the 
other hand, all of the large beds observed at the 
outcrop near Gray· Creek occur below the con­
glomerate. The uneven base <;>f the conglurn­
erate is suggestive bf an erosional uriconforrr1ity 
and it is possible that some of the six coal beds 
penetrated in some of the drill prospects may 
have been eroded. away at locality 96 before 
the conglomerate was -laid clown. 

Fossil plants found in the rock dump of the 
Gray Creek n1ine came from the roof of the 
6-foot .coal bed (the n1icldle bed of the three 
mined). The plants belong to the Vermejo 
flora and are· as follows:. · · 

Fossil plants collected at Gray Creek, Colo. 

(U. S. Gcol. Survey fossill~cality 5710.] 

Abietites dubius Lesquereux. 
Ficus praetrinervis Knowlton. 
Ficus starkvillensis? Knowlton .. 
Fraxinus? sp. 
Viburnum anomalinervum? Knowlton. 

The section measured at this locality IS as 
follows: 

Section of rocks measured in 'West wall of the gulch at locality 
96, Gray Creek mine, Colo. 

(For graphic section see P.l. XII.] 

Raton formation: 
Sandstone, coarse .grained, yellow, in massive 

thick layers separated by layers of shale 

Feet. 

(thickness estimated) ....................... 200+ 
Sandstone, coarse grained, locally conglomeratic 

and quartzose near the base.. .. . .. . . . . . . . . . . 30 

Unconformity. 
Vermejo formation: 

230+ 

Shale with sandstone......................... 15 
, Coal (this coal varies in the mine from 4 to · 

14 feet in thickness) .................. . 
Sandstone and shale in alternating layers,_ fos-

siliferous ( 5710) ........................... . 
Coal. ................................... . 

15 
6± 

Sandstone and shale ........................ ~· . 25 
Coal .......... · ........ · ................. ·. 5± 

Sandstone, shaly and friable................... 7 

Trinidad sandstone............................... 77 

307· . 

A considerable number of drill holes ha'e 
been bored in the vicinity of Gray Creek, but a 
comparison of the records indicates such great 
variations in the nu1uber, character, and tllick­
ness of the. coal beds that their correlation is 
quite i111possible at the present ti1ue, although 
the large groups can be recognized without 
difficulty .. One record; section 96a (Pl. XII), 
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is given in order to show the ·character and sue- are larger and more numerous farther east. 
cession of the rocks of the Raton formation, ·The section.follows: 
which could not be examined at the outcrop. 
It is probable that the 37-foot sandstone of this 
recot~d is the basal conglomerate of the Raton 
forrnation and that the coals above it are at 
or near the hor.izon of the Sugarite bed. The 
so-called "barren series" appears conspicu­
ously in ·this record and the lowest coal of the 
upper group seems to be the Yankee coal bed. 

Section of rocks ?neasured at locality 97, Engle, Colo. 

[For graphic section see Pl. XII.] 

Raton formation: 
Sandstone, locally conglomeratic; pebbles up 

to half an inch in diameter ............. . 
Unconformity. 
Vermejo formation: 

Sandstone, massive, yellow ................ . 
Shale, with partings of concretionary sand-
. stone, drab .... · ... ~ .................... . 

Coal ......................... _ ..... __ _ 
· Shale, carbonaceous, black ................ . 

Coal, bony .......•...... - - - - - - - . - - -. - -
Shale, drab, and shaly sandstone ........... . 

Coal ................ · ................. . 
Shale and sandstone, not continuously ex-

Ft. in. 

3+ 

4 0 

22 0 
2± 
6 0 
2 G 

15 0 
8 0 

posed ... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 0 

I-Iills 143 publishes the records of two diamond­
drill prospects n1ade between Gray Creek and 
Englev.ille. l-Ie did n'ot .make a subdivision of 
the coal-bearing rocks such as is described in· · 
this paper, but it i's not difficult to recognize in 
these two records two of the groups of coal beds 
here described. A massive sttndstone 35 to 38 
feet thick that occurs 90 to 100 feet above the 
lowest coal in I-Iill's section. ~eems to be the T.rinidad sandstone.·····.·····················-- 89 '6 

same as the 37-foot sandstone of section No. 
96a. (See Pl. XII.) The principal coal l?eds 
occur below tllis sandstone and are undoubt­
edly the Vermejo coals of_ this paper. · The 
highest c9al beds of I-Iill's sections probably 
belong to the Sugarite group. The sections do 
not extend high enough to include the rocks at 
the horizon of the Yankee coal. 

ENGLE. 

LOCALITY 97. 

For about 3 miles along the outcrop north­
west of Gray Creek little was seen of the coal­
bearing rocks, but about half a mile east of 
Engleville boulders of conglomerate were 
observed which seem to have con1e from the 
basal conglomerate of the Raton formation, as 
no other rock in this vicinity is known to be 
conglon1era tic. 

A section was measured at Engle (locality 
97), about 3 miles northwest of Gray Creek. 
The lower part of the Vermejo formation is 
not well exposed but seems to contain no co.al. · 
Three.coal beds, the lowest of which is worked 
in the Engle 1nine, have been opened at higher 
horizons in this formation. 

The conglon1e~·atic sandstone at the base of 
the Raton formation was examine'd in an ex­
cavation ·near the n1outh of Engle min~ and 
at several places east of the mine in cuts along 
an old t1:annvay. It is irregularly quartzose 
in son1e places and is locally conglon1eratic. 
A few quartz pebbles half an inch in diameter 
were found in it :near the mine, but the p~bbles 

,· 

92 6 

. About 1! miles southwest of Engle. a coal 
bed has been opened in the !?ide of Raton Mesa 
at the Fishers Peak mine· (1nine No. 8, Pl. I, 
in pocket). Thi~ bed is 400 to 500 feet above 
the Trinidad sandstone and is at or near the 
horizon of the -Yankee coal. From the floor of 
this n1ine the following fossil plants were col­
lected by G. B. Richardson: 

Fossil plantsfrom the floor of Fishers Peak mine, Colo. 

[Collected by G. B. Richardson, U. S. Geol. Survey fossil locality 5099.] 

Acer fragilis Knowlton. 
Alismaphyllum crassifolium Knowlton. 
Cassia fisheriana Knowlton. 
Ficus denveriana Cockerell. 
Nelumbo lakesiana (Lesquereux) Knowlton. 
Pteris linearis Knowlton. 
Quercus fisheriana Knowlton. 

MORLEY DOME. 

LOCALITIES 98 AND 99. 

Unusual interest centered in the structural 
relations in the vicinity of Morley, which is 
midway between the localities in the Raton 
field where evidence of a plane of unconform- . 
~ty within the coal n1easures was first found 
and the localities near Trinidad where su11ilar 
conditio;ns were observed. Morley is 8 miles 
fr01n the nearest locality described in the 
Raton field and 6 miles fron1 the nearest 
locality near Tril1idad at which the ·vermejo 
beds are described .. A local dome in 'this 

. vicinity has brought to the surface the upper 
part. of the Pierre shale and the Trinidad 

I . 
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sandstone as well as the lowest beds of coal. 
From t4e center of this dome the strata.dip 
on all sides at an average of about 10°. G. B. 
~ichardson 225 found "ilalymenites major. Les­
quereux in the ~rinidad sandstone and 
Inoceramus in the Pierre shale. He also con­
firmed .. Stevenson's assignment89 of the. Morley 
coal to the case · of the coaJ measures -and 
pointed out that it had been incorrectly as­
signed to a horizon 800 feet above the base.151 

Near Raton only a few small pebbles were 
- found in the basal sandstone of the Raton 

formation (p. 106), and the hypothesis was 
entertained at one time that ·the conglomer-· 
ate m!ght thin·toward the north and disappear 
under Raton Mes~ :in some such· manner as 
·it thins toward the east in the Raton field. 
For these reasons special care was taken to 
determine if the _coal-bearing rocks at. Morley 
are clear'y separable into two formations as 

· they. are in· the Raton field. To aid in this 
determination, as complete a collection as 
possible of fossil plants was made from the 
lower part of the ·coal meas~res at Morley and 
equally complete collections· were obtained 
froni the higher beds near Wootton; On the 
evidence thus obtained and on the physical 
evidence rests the separation of the co1;1l meas­
ures into two formations. 

Although the' rocks · of the Vermejo are 
relatively soft and the exposures correspond­
ingly poor near Morley, two sections were 
measured, as follows: 

Section of rocks measured at locality·9B, half a mile northeast 
of .Morley, Colo. 

[For graphic section see Pl. XII.] 

Raton formation: 
Sandstone, massive~ yellowish brown ...... . 
Shale, sandy .................... ~ ... · ...... . 
Sandstone, massive, cliff -making, white ... . 
Shale and sandstone, not continuously ex-

Ft. in. 
30 0. 
1 0 

30- 0 

Vermejo formation-Continued. 
Shale, carbonaceous, black .... __ .. __ .•.. _ . 

CoaL ..................... _ .. _ .... __ .~. 
Shale, drab ........................ _ . ___ .. . 

Coal .......... _ .... __ ......... _ ... _ .. . 
Shale, sandy, weathering red, with 1 foot of 

coal near the middle .................... . 

Trinic;lad sandstone: 
Sandstone containing Halymenites major Les-

Ft. in. 

1 6 
1 2 

20 . 0. 
5+ 

15 ' 0 

72± 

quereux ....................... _......... 50± 
Pierre shale: 

Transitional zone. 
Shale containing -Inoceramus sp. 

270± 

Section of rocks measured at locality 99, half a mile north­
west of ~.Morley, Colo. 

[For graphic section see-Pl. XII.] 

Raton formation: 
Sandstone, locally conglomeratic, quartzitic, 

coarse grain~d, white; weathers to crags hav-

Ft. in. 

ing uneven cayernous surfaces .......... · .. 10 0 
U nconfoirnity. 
Vermejo formation: 

Covered ...........•..•........... -. . . . . . . . . 44 0 
Sandstone, massive, friable, yellow ..... ·_ . . . . 6 0 
Shale, drab, fossiliferous ........... _....... 4 0 

CoaL ...... ·............................ 1 10 
. Shale ................... __ .. __ .. ·. . . . . . 1 0 
Coal ................. _ ... _ .......... ~ . . 4 0 

Shale, reddish brown.. . . . .. . . . . . .. . . . .. .. . .. 3 0 
Covered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 0 

Trinidad sandstone: 75 10 
Sandstone containing Halymenites rnajo-: Les-

quereux. 
Pierre shale: 

Transitional zone.· 
Shale containing Inoceramus sp. 

85 10 

The Morley coal mine has been developed in 
the lowest bed of the Vermejo formation, 12 to 
15. feet above the top of the massive Trinidad. 

posed ....... : .................... :·....... 70 
Sandstone, massive, locally conglomeratic 

sandstone. From rock on the miue ·dump 
(U. S. Geol. Survey fossil locality 5709), which 
according to the sup(}rintendent came from the 
roof of the mine, some very perfect fossil pla.nts 
of the Vermejo flora-Ficus leei Knowlton, Se-

0 quoia obovata Knowlton,· and Sabal montana 
Knowlton-,-were collected at base, quartzitic, white to yellowish 

brown; weathers to crags having uneven 
cavernous surfaces...................... 17 

For about 75 feet above the top of the Trini­
o dad sandstone there is obviously no break in 

- 1-48--0 the sedimentation, but at this horizon there is a 
h~rd quartzitic sandstone that varies in thick­Unconformity. 

Vermejo formation: 
Shale ................................... . 

CoaL ................................ . 
Sandstone and shale, thin bedded, yellow. :. 

Coal ................ __ .. _ ... ~ ~ _ . _ •.. ~ . 
Sandstone and sandy shale, thin bedded, 

yello'v ..... _ ............ _ ~ .... __ . _ .... ·_ .. . 

5 
4± 

12 
1 

7 

ness from 2 to 17 feet or more. In: some places 
0 a few pebbles of quartz f. ud chert up to half an 

inch ·in di~meter occur in this sandstone, but· 
0 
6 they are relatively rare, and for its identity 

more dependence is to be placed on other char- · 
o acteristics. The rock is made up of. relatively_ 
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dark, muddy sand which contains ·irregular 
1nasses of clean, harder, and 1nore resistant 
white sand. · This difference in hardness causes 
the sandstone to weather to a rough, craggy 
surface. ·The mottled quartzose character was 
noted in so many places where the rocks are 
congl01neratic only at the base of the Ratop. 
formation that it is regarded. as diagnostic of 
this basal1nember. · 

The conglomeratic sandstone, 17 feet thick 
at locality 98, is overlain by 70 teet of poorly ex­
posed sandstone and shale that probably repre­
sent the shaly- zone in which the Sugarite coal 
bed occurs at several of the localities previ­
ously described. liowever, no coal was found 
in it at this locality. The sandstone at the top 
of the 1neasured section and .thos~ still higher 
that were not included because of poor expos­
ures doubtless constitute the lower part of the 
"barren series." 

The rocks above the quartzose conglomeratic 
sandstone are n:i.ore uniformly fo~siliferous than 
those below. They are well e~posed in many 
places between Morley and Wootton, but the 
best collections came from horizons near that.of 
the Wootton coal bed. This coal is p:r;obably 
the same .as the highest developed in the south 
slopes of the Raton Mesa and is known to be 
abo.ut 700 feet above the base of the Raton for­
mation. Fossil plants were collected from the 
Wootton mine; from the rocks 100 to 200 feet 
above the Wootton horizon west o_f the mine; 
from rocks a fmy feet below it half a mile north 
of the mine; and from the Turner mine about· 
a 1nile north of Wootton. These fossils all be­
long to the Raton flora; in short, all the data; 
. both stratigraphic and paleontologic, ·agree in 
separating the coal-bearing ·rocks at Morley 
into two formations, the Vermejo and the Ra­
. ton, as has been done for neighboring regions. 

In a railway cut 1 mile south of Mo.:dey 
(U. S. Geol. Survey fossil locality 5715), Plata­
nus aceroides Goppert and Platanus raynoldsii 
Newberry were found; and from the dump of 
the 'furner mine, on the Wootton coal bed, 
about 1~ 1niles north of Wootton, a large collec­
tion ·was 1nade. 

Fossil plants from the Turner mine near Wootton, Colo. 

[U.S. Geol. Survey fossil locality 5i14.] 

Andromeda? lanceolata Knowlton. 
Cassia sapindoides Knowlton. 
Juglans berryi Knowlton. 
Juglans minutldens Knowlton. 

Juglans rugosa Lesquereux. 
Magnolia angus tifol ia New berry. 
Termiilalia lesleyana (Lesquereux) Berry? 
Magnolia rotundifoli~ Newberry. 
Magnolia lesleyana Lesquereux? 
Prunus coloradensis Knowlton. 
Rhamnus cleburni Lesquereux. 
Rhamnus? woottonensis Knowlton. 
Viburnum woottonianum Knowlton. 

In a railway cut, half a mile north of Wootton, 
at a horizon 50 to 100 feet below the Wootton 
coal bed, the following plants were collected: . 

Fossil plants collected near W(lotton, Colo .. 

[U. S~ Geol. Survey fossil locality 5ill.) 

Artocarpus similis Knowlton. 
Ficus artocartoides Lesquereux. 
Ficus min.utidens Knowlton. 
Juglans rugosa Lesquereux. 
Juglans sapindoides Knowlton. 
Phyllites retusoides Knowlton. 
Platanus rhomboldea Lesquereux. 
Rhamnus cleburni Lesqucreux. 
Rhamnus goldianus? J.,esquereux. 
Rhus? viburnoides Knowlton. 
Viburnum magnum Knowlton. 

In the same cut, 10 rods farther north (U.S. 
Geol. Survey fossil locality 5713), a large collec­
tion was made of very large and perfect fossil 
leaves of Platanus ctceroides latifolia-Knowlton . . 

On the hillside west of Wootton, between that 
town and the north -end of the Raton tunnel, the 
following ·plants were collected· fron1 horizons 
ranging from the Wootton coal bed to about 
100 feet above that bed: 

Fossil plants collected soutl~west of Wootton, Colo. 

[U. S. Geol. Survey fossil locality 5712.) 

Artocarpus similis K~owlton. 
-: Castanea intermedia Lesquer(mx . 

Celastrus serratus Knowlton. 
Dryophyllum aquamarum? 'Vard. 
Ficus denveriana Cockerell . 
Ficus praetrinervis Knowlton. 
Inga heterophylla Knowlton. 
Juglans rugosa Lesquereux. 
Lam·us? caudata Knowlton. 
Magnolia angustifolia Newberry. 
Magnolia magnifolia Knowlton. 
Platanus aceroldes Goppert~ 
Platanus aceroides latifolia Knowlton. 
Platanus rhomboidea ·Lesquereux. 
Paliurus zizyphoides Lesquereux. 

·It may not be out of place to call attention in 
this connection to the fact that these large col­
lections of fossil plants come from North Raton 
Creek and that many of the fossils of the old 
c_ollect.ions from this region, accor?ing to the 

. a 



122 GEOLOGY AND PALEONTOLOGY OF RATON MESA IN COLO.-N. MEX. 

brief description given, came "from. North 
Raton Creek." Although this _creek flows 
across the Vermejo formation at Morley and at 
Starkville the present writer found no fossils in 
these beds at the surface, all the Vermejo plants 

_coming from. ui1weathered rock on ·the mine 
dumps. On the other hand, the fossil plants of 
the Raton formation are very abundant at the 
surface. Furthermore, at the time Hayden, 
Lesquereux, and others made the early collec­
tions the road house for travelers crossing the 
pass·b!3tween Trinidad and Raton was at Woot­
ton. -,It seems altogether probable, therefore, 
that the-plants from "Fishers Peak," "Raton 
Mountains," "North Raton Creek," etc., which 
Lesquereux maintained were of Eocene age, 
came froJ.p. the ViGi~ity of Wootto_n. 

PURGATOmE VALLEY AREA . . 

RATON CANYON. 

LOCALITY 100 (McLAUGHLIN MINE). 

West of Engle the Pierre shale, the Trinidad 
sandstone, a~d both coal-bearing formations 
were observed in many places, but good sections 
of them were difficult to obtain. .Two small 
collections of invertebrates were made from the 

.• ':'1··· 
Pierre. Inoceramus vanuxemi Meek and Hay-
den and two undescribed species of Inoceramus 
were found in a railway cut northeast of Trini­
dad (U. S.- Geol. Survey fossil locality 6510); 
and G. B. Richardson found Inoceramus sagen­
sis Owen farther south (U. S. Geol. Survey 
fossil-locality 5668). · No fossils were collected 
from the Trinidad sandstone, but Halymenite.s 
major Lesquereux was observed in it; and on 
Simpsons Rest west of Trinidad Inoceramus 
and bones supposed to be the remains of a large 
fish were found in the sandstone. ·The Ver­
mejo consists of shale and soft saU:dstone which 
weather easily and form gentle slopes that are 
often covered with debris from the harder rocks 
above them: . 

The first place ~vest of Engle :it which a sec­
tion was measured is at McLaughlin's coal mine 
(locality 100), whe~e: all the coal beds in the 
V e.rmejo formation have been opened. The 

- lower part of the following section is from -mine 
records "furnished by Mr. J. E. McLaughlin, who 
conducted the development work, and the 
upper part is constructed from measure1nents 
made at the surface. In the lowest coal bed 
were found petrified logs se:veral feet,long and 2 
feet or more in dian1eter and stumps, both in an 

excellent state of preservation. The logs are 
rounded at the ends and the condition of the 
sides suggests considerable wear by transporta­
tion or otherwise before their final lodgn1ent 
in the bed where they ~ere found. Several 
stumps have been found in the coal, but ac­
cording to Mr. McLaughlin none of them was 
standing upright. Each was found on its side 
with roots only a few inches long, as if worn off 
before the stump found its way in:to the mate­
rial that formed the coal. Apparently the 
logs and stumps were transported from some 
distance. The surface of some of the logs is 
full of holes similar to those frequently seen in 
driftwood at the seashore. The petrified wood 
in the coal bed (U. S.' Geol. Survey fossil local­
ity 5706) h~s been described as Cupressinoxy­
lon coloradense ICnowlton. 

The base of the Raton formation is not well 
marked here. The lowest stratum, about 2 feet 
thick, is coarse grained, quart~ose, and mot­
tled with inclu,sions of small bits of clay, a char­
acter noted at the base of the formation in 
many places. No pebbles were found in it, 
though a few hundred feet to the east it contains 
pockets of s1nall pebbles 'composed mainly of 
chert. This sandstone is here about 70 feet 
higher in the section than the similar sandstone· 
at Engle, 3 m.iles to· the east, and it overlies 
eight' beds of coal in place of the three found 
at Engle. This is in harmony with. the known 
thickening._of the Vermejo formation toward the 
west.· The section follows: 

Section· of rocks measured at locality 100, McLaughlin's 
mine near Starkville, Colo. 

[For graphic section see PI. XII, p. 118.) 

Raton formation: Ft. in. 
Coal and shale, in alternating Jaye.rs. . . . 6 0 

Shale· and. sandstone, "not continuously ex-
posed·.~................................. 16 0 

Sandstone, locally conglomeratic ...... ·. . . . . ~ 0 

·Probable unconformity. 
Vermejo formation: 

24 

Shale ................................ ·...... 6 
Coal ........ .'~........................ . 2 

Shale and sandstone ................. .- .... ~. 30 
. , CoaL ................... ·................ 2 

Shale ........ :.~ ........................... 1 
Coal................. . . . . . . . . . . . . . . . . . 5 

Shale ....................... -............... 2 
Shale and sandstone, not differentiated. . . . . 20 

Coal. ........ ~ ........................... -. 4 
Sandstone.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Coal, with partings of shale.............. 5 

0 

0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
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Vermcjo fol'mation-Continucd. · . Ft. in. 

Shale .................... · .... ·.............. 8 0 
Coal.................................. 2 9 

Sandstone and shale......... . . . . . . ... . . . . . . . 21 0 

Section of rocks mea8ured at the Piedmont mine at locality 
101, about 1 mile east of Sopri.s, Colo. 

[For graphic section see Pl. XII, p. 118.] 

Coal.................................. 3 0 Vermejo formation: Ft. in. 

Sandstone and shale ....................... . 8 o Coal ...... :............................ 3 6 
0 
8 
0· 
6 
0 
0 
0 
0 

Coal ...................... --------·---
Sandstone and shale........................ 10 

Coal, with petrified stumps and ~ogs of 
the species Cupressinoxylon colora­
dense Knowlton (U. S. Geol. Survey · 
fossil locality 5706) .................. . 2 

6 
0 

9 

Shale and sandstone ..... .' ................... 27' 
Coal................................... 2 

Shale and sandstone. . . . . . . . . . . . . . . . . . . . . . . . . Hi 
Coal~.................................. 1 

Sandstone and shale ......................... 1.2 
Coal ............................. ·....... 2 

Shale .............................. --- .. --- 1 
3 

0 Sandstone, white ............... : ........... 20 

Sandstone, ripple marked .... -............. . 0 Coal (Piedmont bed) ........ ,........... 6 

Shale ................................ ; .... . 2 0 Trinicl.ad sandstone. 

'l'rinida.d sandstone. 
155 4 

179 4 

The basal sandstone of the Raton for1nation 
was observed in several places about a mile 
south of the McLaughlin 1nine in the vicinity 
of Starkville, and at one phtce about a mile 
south of the mine it was found to be plainly 
conglonwratic. A few fossils belonging to the 
Vermejo flora were obtained from the rock. 
dump of the Starkville mine (mine No. 10, Pl. I, 
in pocket), and plants belonging to the Raton 
flora were found in several places in the rocks 
abpve· tl1e ·conglmnerate; but few were col­
lected. 

Foss·il plants from mine at Starkville, Colo. 

[U.S. Geol. Survey fossil locality 5707.] 

Ficus praetrinervis Knowlton. 
Ficus? starkvillensis Knowlton. 
·Sabal montana Knowlton. 
Sequoia reichenbachi (Geinitz) Heer. 
Sequoia obovata Knowlton. 

·'!'lie fossils found in the Raton formation 
near Starkville are poorly pr~served and few 
were collected. Oinnamomum linifolium ICnowl­
ton was obtained near the l)ase of the forma­
tion (U. S. Geol. Survey fossil locality 5796) 
and A.1a,gnolia angustifolia Newberry from about 
200 feet above the base (U .. S. Geol. Survey 
fossil locality 5797). 

SOPUIS. 

LOCALITY 101 (PIEDMONT MINE). 

Between· Starkville and the Piedmont 1nine 
(locality No. 101) the rocks are not well ex­
pos,ed. The short section of t_he V er1nej o for­
Jnation given below was obtained frmn the 
1·ecords of J. E. McLaughl~n, who opened this 
mine. This section seems to include less than 
half of the thickness <?f the Vermejo formation. 

90 8 

LO~ALITY 102 (LA BELLE MINE). 

~ At the La Belle n1ine, about half a mile 
southwest of the Piedmont mine,· a coal bed 5 
feet thick,, known as the Sopris coal,. has been 
opened, which~ according to measurements 
made by the mine engineers, is separated from 
the Trinidad sandstone by an interval of 171 
feet. Near the mouth of the mine the basn.l 
conglomerate of the Ra:ton formation was ob­
serveci a few feet above this coal bed. The 
conO'lomerate consists ·of a groundmass of dark b . 

muddy· sand in which are embedded irregular 
masses of clay shale, small bits of carl;>Onized 
wood· (dull black, like charcoal), larger frag­
ments of bright vitreous coal, like that mi 
which the conglomerate rests, and pebbles of 
chert an inch or n1ore in· diameter. 

Section of rocks measured in La Belle mine at locality 102, 
near Sopris, Colo.. · 

[For graphicsectioi11?CC PI. XU, p. 118.] 

Raton formation: 
Conglomerate. 

u neon formity. 
Vermejo formation: Ft. in. 

Coal, overlain by thin shale............. 5 0 
Not exposed ...... · ............... :. . . . . . . . . . 62 6 
Sandstone................................. 20 0 
Not exposed................................ 20 0 

Coal ............ ·...................... 1 2 
Sandstone ................. ·.· ............. . 

Coal ........................ -----------
Sandstone ... : ......................... : .. . 
Shale .... ·· ... · ........ : ............... ~ ..... . 

Coal ................... - ... -----------
Shale ..................................... . 

Coal ................................ ·· 

12 0 
1 5 

23 10 
0 3 

6 
6 
2 

Shale .................... ~ ....... : . . . . . . . . . 12 
10 

1 
0 
0 

Coal (Piedmont bed)................... 6 
Shale...................................... 2 

Trinidad sandstone. 
176 6 
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No satisfactory observations were made at 
the outcrop near Sopris, but :m:any diamond­
drill. holes have been put down near by, and 
these, if correctly interpreted, show that the 
Sopris coal bed occurs' 170 to 200 feet above the 
Trinidad sandstone, the altitude varying ac­
cording to location. No mention of the con­
glomeratic sandstone is made in the drill rec­
ords and its position in section 102a of Plate 
XII (p. 118) can not be definitely fixed. Its 
occurrence at the La Belle mine above the· 
Sopris coal and. its occ\ll'rence above the same 
,bed west of Sopris indicate. that it will 
probably be found near Sopris in a similar 
position. This section'is included in Plate XI.I 

_not so much for th~ purpose of showing the po­
sitions of the lower coal beds, which are equally 
well shown in neighboring localities where the 
line of separation between the Vermejo and the 
Raton _formations can be drawn, as for the pur­
pose of showing the occurrence of the so-called 
"barren series," whic4 here consists mainly of 
sandstone, and the occurrence above it' of coal 
beds which are probably to be correlated in a 
general way with the Yankee and Brilliant coals 
of the Raton field ·to the south. 

I-iills has published 151 the record of a bore 
hole near Sopris which is comparable with the 
sections· published in this paper, except that it 
does not recognize two coal-bearing formations. 
Apparently, his 24-foot sandstone, near the top 
of the section, is the lowest member of the 
Raton formation, although no mention is made 
of its being-conglomeratic. _ This is not strang~ 
in view of the fact that in the vicinity of Sopris 
the base of the Raton is only locally conglom­
eratic, and the drill might easily go through it 
without revealing its c·onglomeratic character. 
This sandstone is ·about 260 feet ahove the 
Trinidad as compared with 255 feet in section 
102a of Plate XII and 247 feet in-section 103. 
The highest coal bed, prqbably the Sopris coal, 
is 260 feet above the Trinidad· as compared 
with 220 feet in section 102a and 240 feet in 
section 103. 

About a mile west of Soprisin _a railroad cut 
the conglomeratic sandstone is coarse and 
massive. The rock consists of a groundmass 
of muddy sand in which are embed_ded small. 
masses of clay shale, bits of carbonized wood, 
and pebbles, mainly of chert, up to 2 inches in· 
diameter. The most- conspicuous occurrence 

of this conglomerate near Sopris. is in the first 
south-side gulch west of the town near mine· 
No. 16 of the accompanying map. In the rail­
road cut just west of this gulch the sandstone 
is not so coarsely conglomeratic, but rests un­
conformably on the Vermejo. (See Pl. XJII, 
.A, B.) A small faUlt with a throw of about 4 
feet at this' point displaces the Vermejo beds 
but, so far as· could be determined, not the 
overlying conglomerate. (See Pl. XIII, B.) 
Apparently the faulting took place before the 
conglomerate was deposited. · 

Farther. west the rocks are well e~posed iii 
several places. The basal sandstone of the 
Raton fo~mation was traced in the south wall 
of Purgatoire Canyon.· for more than a --­
mile before it was again found to be notably 
congl<:?meratic; but west of Long Canyon, at 
the point where the line of outcrop of the Sopris 
coal crosses the Purgatoire River, near mine 
No. 22 (Pl. I, in pocket), this conglomerate 

_ is 10 feet above the coal bed.-- The following 
fossil plants belonging to the Raton flora were 
obtained from the overlying rocks 50 to 150 feet 
above the conglomerate: · 

Fossil plants from Purgatoire Canyon south of Cokedale, 
Colo. 

[U. S. Geol. Survey fossil localities 5704 and 5795.] 

Magnolia angustifolia Newberry. 
Magiwlia lesleyana (Lesquereux~. 
Nyssa lanceolata Lesquereux. · 
Palmocarpon palmarum (Lesquereux) Knowlton. 
Sabal? ungeri (Lesquereux) Knowlton. 

Fossil wood, which has not yet been described, 
was collected frqm the rock dump of Mc­
Laughlin mine No. 22. 

At Primero a good collection of fossil plants 
was made, principally from the rock dump of 
the mine·. The coal is one of the higher .beds of 
the Rat,on formation, lying probably 600 feet 
or more above the base .of the -formation. 

Fossil plants from Primero, Colo. 

[U. S. Ueol. Survey fossil locality 5798.] 

Apocynophyllum wilcoxensis Berry. 
Asplen:i,um? primero Knowlton. 
Celastrus serratus Knowlton. 
Juglans acunlinata Alexander Braun 
Juglans berryi Knowlton. 
Jug1ans rugosa Lesquereux. 
Magnolia leei Knowlton. 
Populus neotremuloide~ Knowlton. 
Sapindus affinis Newberry. 
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A . 

B. 

SOUTH WALL OF PURGATOIRE CANYON, NEAR SOPRIS, COLO. 

A, Genera l vi ew; B, near view. V, Vermejo formation; U, unconform ity ; R', basal cong lomerate of th e Raton 
formation; f, I i ne of fault. 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 101 PLATE XIV 

A. A CHARACTERISTIC OUTCROP OF THE TRINIDAD SANDSTONE1 ABOUT 4 MILES NORTH OF 
TRINIDAD, COLO. 

P, Pierre shale; T, Trinidad sand stone ; V, Vermejoformati on . 

B. RELATION OF THE VERMEJO TO NEIGHBORING FORMATIONS IN THE NORTH WALL OF 
PURGATOIRE CANYON, NEAR SOPRIS, COLO. 
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REILLY C.ANYON. 

LOCALITY 103. 

Neat: the n1outh of Reilly Creek conglonler­
ate was observed in several places. above the 
Cokedale coal bed (believed to be the same as 
the S<;>pris coal). About a 1nile west of the 
n1outh of Reilly Creek the conglomerate is 15 
feet above this coal bed, but east of the n1outh 
it rests directly upo~1 the coal, with ~n uneven 
base that in places cuts well down into. the 
-coal. The base of the V ermej o fonnation is not · 
exposed here, but its thickness is ln10Wl1 fron1 
many drill prospects in this part of Purgatoire 
Valley .. In the follo'Ying representative record 
the 5-foot coal bed, about 240 feet above the 
'T'rinidad sandstone, is the one developed in the 
·Cokedale mine, which is known, from obsei­
vations made at the outcrop, to lie directly un­
<ler the· basal conglmnerate of the ~a ton for­
nlation. There j$ nothing in the drill record 
to show .where the conglomerate occurs, but 
from the relations observed at the surface· it 
:see1ns probable that the lowest n1ember of the 
Raton forn1ation is the 18-foot sanclsto11o 
.above the Cokeclale coal. 

No satisfactory n1easurement of the Vermejo 
forn1ation was obtainecl·west of Reilly Canyon, 

.. and it may be in place here· to call attention 
.again to ~he general thickening of this fornla­
tion westward. Frmn Gray Creek. to Reilly 
·Canyon, a distance of apout 10 miles, it in­
·creases in a more or less uniform manner· from 
77 to 247 feet .. 

Record of rocks penetrated by diamond drill near Purgatoire 
River, about 7 miles '/.vest of. Trinidad, Colo. 

- [For graphic soction sec P.l. XII, p. 118.] 

Raton formation: 
Surface ........... _ ....................... . 
Sandstone ................................. . 
Sandstone and shale ........................ . 
Sandstone .......................... · ...... . 

Coal ....................... · .......... . 
Sandaton_e (pt·obably conglomeratic). : . .... . 

·vermejo formation: 
Shale ...... : ....... : .................... 0 

Coal (Cokedale bed).· ............... 0 •• 

· Sandstone ................................. . 
Coal. 0 ••••• 0 •••••••••••••••••••••••••• 

Shale. 0 ••• 0. 0 •• ~ ••••••••••••••••• 0 ••••••• 

Sandstone and shale ....................... . 
Coal .................... : ............. . 

Sandstone and shale ....................... . 
c'oal ............ -- 0-.- .. -- ' ........... . 

Sandstone and shale ....................... . 

Ft. in. 

10 0 
21 0 
84 0 
7 0 

9 
18 3 

141 0 

2 0 
5 0 
5 0 
1 3 
1 0 

20 9 
1 6 
7 6 

9 
18 3 

Vermejo formation-Continued. Ft. In. 

Sandstone .... 0 ••••••••••••••• 0. 0 0 •• 0. 0 •••• 20 0 
Shale, black .... -· .......................... . 18 o· 
Sandstone and shale ....................... . 40 0 

Coal ............. ~ ................... . 4 2 
Sandstone and shale ................ · ....... . 3 10 

Coal ............. · .................... . 1 ·s 
Sandstone and shale ................... ~ ... . 8 4 

Coal ........................ _ ........ . 2 0 
Sandstone and shale ....... : ............... . 3 0 

Coal .................... , ............. . '5 0 
· Sandstone and shale ....................... . 1 0 

Coal ......... : ....................... . 6 
Sandstone and shale ... · .................... . 19 6 

Coal ............... · .................. . ·3 3 
Sandstone arid shale ....................... . 6 9 

Coal ............ : .................... . 3 6 
Sandst~:me and shale ....................... . 13 6 
Sandstone .. ~ ............................. . 8 0 

Coal ...... , .......................... . 1 6 

226 6 
Trinidad sandstone .................. : . . . . . . . . . . 30+ 

397+ 

Fossil plants belqnging to the Vermejo flora 
were collected from the rocl\: clump of the Coke­
dale· mine (U. S. Geol. Survey fossil locality 
5698). Very perfect specimens o:r' Ficus spe­
ciosissima W arcl were fow1cl and with them 
fragments of palms. In the roof of the mine a 
nearl)r perfect impression of a palm leaf 3 feet 
wide and al;>out 4 feet long (including the stem) 
''ras found. The rachis was traceable through 
half the length of -the leaf .. From a photograph 
the species is determined as probably Sabal? 
tLngeri (Lesquereu.x) Knowlton. 

Several small collections. of fossil plants be~ 
longing in the Raton flora were made'near Coke..; 

·dale from the lower 200 feet of the formation. 
The location of the collections is indica ted on 
Plate I (in pocket). The lots are combined as 
follows: 

Fossil plants collected frorn the lower part. of the Raton for­
mation near Cokedale, Colo: 

[U. s·. Gcol. Survey fossillocalities5699, 5103, 5104, 5i00, 5i01, 5i0?, 5i03.) 

Anemia hesperia Knowlt<m. 
Apocynophyllum wilcoxensis Berry. 
Aralia coloradensis Knowlton. 
.t\.ralia? serrata Knowlton. 
Artocarpus similis Knowlton. 
Ficus praetrinervis Knowlton. 
Magnolia hilgardiana (Lesquereux) Berry. 
Magnolia magnifolia Knowlton. 
Platanus aceroides Goppert. 
Platanus raynoldsii Newberry. 
Saba!? ungeri (Lesquereux) Knowlton. 
V_itis? phi.tanifolia Knowlton. 
Viburnum speciosum Knowlton. 
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PURGATOIRE CANYON. The conglomerate, which is exceptionally coarse 
LOCALITY 104. in places, lies unconformably on the lower beds, 

In the north wall of Purgatoi~e Canyon·, near is quartzose; very hard, and, ·because of its. 
Sopris, the basal conglomerate of the Raton for- resistance to erosion, forms a broad shelf, the. 
matiori. is more or less conspicuous and is easily' edge of which is shown at the top in Plate XIV,. 
followed, but the underlying beds of coal and B. It varies considerably in thickness and 
shale ·are more difficult to trace because of rock character within short distances. In some. 
debris and soil on the slopes along the outcrop places it is an ordinary .sandstone, not notably 
of these wea.ker rocks. At locality 104, 1! different from other sandstones in the same 
miles east of Reilly Canyori., the conglomerate region .. In other places it consists of an ad­
lies unconformably upon coal; but -apparently mixture of clean white sand and muddy ·sand, 
this coal is not the saip.e bed as that exposed such as characterizes the base of. the Raton for-: 
beneath the conglomerate near .the mouth of' mation in many places throughout the Raton. 
Reilly Canyon. The rocks above the cong1om- Mesa region, and yields large boulder~ with 
erate consist mainly of yellow sandstones, .but rough, craggy surface, similar· to those previ-· 
were not examined in detail. Those.below the ously described from Morley. (See ·p: 119.) 
conglomerate consist of the coal-bearing shales The pebbles contained in this rock give prob­
and soft sandstones characteristic of the Ver-. ably the best proof that it belongs at the base. 
mejo formation but are not exposed well of the Raton formation. They· have a maxi-· 
enough for ·satisfactory measurement. The mum diameter of abou~ an inch, consist mainly 
thickness of the Vermejo_.beds could not be as- of quartz and chert, and are . very irregularly 
certained here, but the following short section distributed. In some places they are found in. 
is given for comparison with the more complete small pockets or lenticular masses a few inches. 
one measured at locality 105: to a foot or more thick, and in other places. 

they ~re scattered sparsely through a con-· 
siderable thickness of the rock mass, but ,they 
are usually. found at or near the base of the: 
sandstone. The section follows: 

Section of rocks measured at locality 104 in t'!e north wall of 
Purgatoire Canyon about 1 mile northwest of Sopris, 
Colo. 

[For graphic section see-PI. XII, p. 118.] 

Raton formation: Feet'. 

Sandstone, yello,~, flaggy; fossiliferous ........ 100+ 
Sandstone, conglomeratic ......... , . . . . . . . . . . . 5 

Unconformity. 
Vermejo formation: 

105 

Coal and carbonaceous shale. . . . . . . . . . . . . 5 
Sandstone, white, coarse grained,- friable ..... ·. 18 
Shale, black, and coal-bearing sandstone. 

23 

128+ 
LOCALITY 105. 

At locality 105, opposite Sopris, a section 
including the Trinidad sandstone, the Vermejo 
formation, and the basalconglomerateof the Ra­
ton formation is well exposed in the north wall 
of Purgatoire Canyon. The Vermejo formation 
is here 161 feet thick and contains seven beds of 
coal. The bed underlying the conglomerate at 
locality 104 was not found here and was prob­
·ably eroded caway before the disposition of the 
conglomerate. The Vermejo beds thin toward 

' ' the east in Purgatoire Canyon, and in the 3 
miles between Reilly Canyon and locality 105 
·the thickness has decreased from 24 7 to 161 
feet and the number of c·oal beds from 11 to 7. 

Sectwn of rocks measured at locality 105 in the north wall of 
Purgatoire River opposite Sopris, Colo. 

[For graphic section see PI. XII, p. 118.] 

Raton formation: 
Sandstone, locally conglomeratic .......... . 

Unconformity. 
Vcrmejo formation: 

Shale, sandy .............................. . 
Sandstone, white ... · ...... · ........ · ........ . 
Shale, drab ............................... . 
Sill of igneous rock, decomposed .......... , 

, Coke ............................ , ....... . 
Sill, decomposed ......................... . 
Coke ................ : ................... . 
Shale, drab ................................ . 
Sandstone, yellow,. thin bedded ............ . 

CoaJ. .. _ . _ . __ .. _ .... ~ ....... _ ........ _ · 
Sandstone, thin bedded, wi.th partings of 

·shale ... ~ ...... -... ~ ...... - ..... -.- - - - - - . - - -
Sill of igneous rock ....... _ . _ ... _ ......... . 

Coal ......... _ ..... __ ...... · .......... _ 
Shale, drab .......... _ .................... . 

Coal ....... _ .... ~ .................... . 
Sandstone, thin bedded, with partings of 

sandy shale ............................. . 
.CoaL .. · .................. ~ .......... ·_ . 

Sandstone, white, massive, soft, very friable, 
rather coarse grained ................... . 

Coal ....... : .......... __ ........ ; .... . 

Ft. in,. 

13 .(} 

2 0' 
]5 0 

. 25 0· 
1 0 
1 0• 
1 0· 
1 0· 
5 O· 

12 0· 
3 0· 

28 0•. 
2 0· 

5·. 
1R 0· 

3. 

11 O· 
2· 0· 

21 (} 

2 (b 

• 
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Vermejo formation-Continued. Ft. in. 

Shale, black. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 0 
Coal.................................. l 6 

Covered.................................. 4 0 
'l'rinidad sandstone. 

161 2 

174 2 

Fossil wood not yet described was found at 
this locality about 50 feet above the base of 
the V ermej o forn1ation. 

TRINIDAD. 

LOCALITY 106. 

The Vermejo forn1ation, containing several 
beds of coal, was observed in Colorado Canyon 
about 2 1niles north of locality 105 but was i1ot 
examined in detail. Also, the basal conglmn­
erate of the Raton formation 'vas found in this 
canyon above the highest observed coal. These 
beds were followed thence eastward along the 
outcrop to an abandoned n1ine (No. 20, Pl. I, 
in pocket) 3 1niles in a straight line frmn 
locality 105, where the last section was. meas­
ured. I-Im·e the base of· the Raton forn1ation 
consists of a sandstone that is hard and 
quartzose and othei:Wise si.Jnilar to the basal 
sandstone in lllany other pl~ces but that was 
not observed to be conglmneratic. The follow­
ing section was 1neasured o:a the east side of the 
ridge separating this old 1nine from locality 106: 

. Section of rocks measitred at locality 106, northwest of 
Trin-idad, Colo. 

(For graphic section see PI. XII, p. 118.) 

Raton formation: 
S~ndstone, yellow, massive, cliff maki1;1g, 

fossiliferous ............................. . 
Covered ................................. . 
Sa,ndstone, massive, coarse grained, promi­

nent ledge (probably ·the conglomeratic 
sandstone of neighboring sections) ....... . 

Vermejo formation: 
Shale, drab ... ~ ......... · .......... : ....... . 

Coal ................................. . 
Sandstone, yellow, shaly, thin bedded .... :. 
ShaleJ drab ....................... ; ....... . 

Coal ................................. . 
Shale, drab to yellow, sandy ......... : ..... . 

CoaL ........... , .................... . 
Shale, drab .................. : ............ . 

CoaL ................................ . 
Shale, drab .......................... -~ ... . 
Shale, yellow: sandy ..................... . 

Coal .............. · ................... . 
Shale, sandy ....................... ~ ....... · 

Coal ................................. . 

Ft. 

35 
3~ 

18 

91 

10 
2 

27 
6 
1 

20 
1 
4· 
3 

10 
6· 

16 
3 

in. 

0 
0 

0 

0 

0 
6 
0 
0 
0 
0 
3 
0 
0 
0 
0 
3 
0 
0 

Vermejo formation-Continued~ Ft. tn. 

Cover~d. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 12 0 
Sandstone, yellowish white, massive, fria-

ble .................... ·.............•.... 10 0 
Coal.................................. 8 

Sandstone, yellow, shaly. . . . . . . . . . . . . . . . . . 6 0 

138 8 
Trinidad sandstone ................ __ ._.: •.. __ . 100± 
Pierre shale: ' 

Transitional zone. 
Shale. 

229± 

G. B. Richardson found Palmocarpon 1Jal­
marum (Lesquereux) Knowlton near the base of 
the Raton formation· (U. S. Geol. Survey fossil 
locality 5097) at this locality; and the present 
writer collected the following species frmn the 
san1e formation about 200 feet above the base 
of the Raton 'forn1ation: 

Fossil plants front the Raton formation at locality 106, ·west 
of Trinidad, Colo. 

[U. S. GeoL Survey fossil locality 5697.] 

Anemia hesperia Knowlton. 
Ficus sch.imperi Lesquereux. 
Juglans rugosa Lesquereux. 
Magnolia angusti folia Newberry. 
Magnolia cordifolia Lesque.renx. 
1\fagnolia Jesleyana (Lcsquereux) Derry. 
Magnolia magnifolia Knowlton. 
Sabal? ungeri (Lesquereux) Knowlton. 

At ·about the san1e hor{zon 3 miles .farther 
northwest (U. S. Geol. Survey fossil locality 
5100) Richardson found Juglans nigella i-Iee:r:; 
and about one-half 1nile south of this locality 
(U. S. Geol. Survey fossil. locality 5098) he 
found Abietites clubius Lesquereux and Rham­
nus salicifolius? Lesquereux near the top of 
the Vermejo forn1ation. c • 

POWELL ARROYO. 

LOCALITY 107. 

Three miles farther north, in Powell Arroyo, 
at locality 107, a n1ine has rec!3ntly been opened 
in one of the lowest' beds of coal. The section 
given below was n1easured by .the superintend­
ent ill charge of the developn1ent work. The 
n1ea~uren1en ts. fron1 the base of the coal nleas­
ures up to the conglon1erate were verified by 
the writer in the field, except that none of the 
higher coals was found. They are incluclecl in 
the section ~s it was reported by the superin­
tendent. Fron1 this section it appears that the 

. Vermejo formation is here about 98 feet thick 
as con1pared with 247 feet .in the Purgatoire 
valley and that the coal beds are correspond­
ingly fewer in nu1nber. 
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Section of rocks measured in Powell. Arroyo at locality 107, 
northwest of Trinidad, Colo. 

[For graphic section see PI. XII, p. 118.} 

Raton formation: 

glomera tic sandstone is well developed. and the 
Vermejo is about 83 feet thick, as shown in the 
section. Surface indications of coal were found 
at three horizons, and cJ.oubtless the three coals 

Ft. in. shown in. section 107 OCCUr here·, but their Sandstone (not measured). 
Coal (streak) .. 

Sandstone and shale·.......... . . . . . . . . . . . . . . ·35 0 
Coal, dirty .......•••............ ~..... 2± 

Sandstone and shale......................... 65 · 0 
Coal ............................ · ...... · 3 6 

Sandstone, lo'callyconglom"eratic at base... . . 25 0 

130 6 
Unconforillity. 
Vermejo formation: 

---

Coal ....................... : . ·. : . . . . . . . . . 5 6 

thicknesses were not determined. 

Section of rocks measured in Powell Arroyo at locality 108 
north of Trinidad, Colo. 

[For graphic section see PI. XII, p. 118.) 

Raton formation: Feet. 
Sandstone,· coarse grained, quartzose, with con­

torted laminae, contains pebbles of quartz and 
chert up to a quarter of an inch in diameter ... 10+ 

Shale and sandstone:....................... 25 0 Unconformity. 
Basalt ........... ~ .......... :................ 3 0 Vermejo formation: 
Shale .......... ~ ............... : .. _. .... · ... ~ 5 0 Sandstone and shale, coal bearing ............. 25 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 ± Sheet of igneous rock . ·. . . . . . . . . . . . . . . . . . . . . . . . 3 
Shale and sandstone........................ 52 0 Sandstone and shale, coal bearing ........ ~ ..... 55 

Coal ............................. :.... 4± 
Shale ••........... , ...... ~................. 1 0 

98 6 
Trinidad sandstone ..... ~ ................ ·. . . . . . . 100 ± 
Pierre shale: 

Transitional zone. 
S~ale. 

329± 

Near this 1ocality Richardson's party collected 
Brachyphyllum cf. B. macrocarpum Newberry, 
Abietites dubius Lesquereux; and a form doubt­
fully· identified as Palmocarpon palmarum Les­
quereux near the top of the Vermejo (U. S. 
Geol. Survey fossil locality 5110) and the 
following list. of fossil plants from the Raton 
formation: · 

Fossil plants collected in Powell Arroyo, northwest of Trini­
dad, Colo. 

[U.S. Geol. Survey fossil localities 5111, 5G95, and 5112.] 

Apocynophyllum wilcoxensis Berry. 
Magnolia magnifolia Knowlton. 
Palmocarpon palmarum Lesquereux. 
Sabal? .ungeri (Lesquereux) Knowlton. 
illmus sp. 

LOCALITY 108. 

At an abandoned mine (No. 50, Pl. I, in 
pocket) in the gulch about a mile east of locality 
107 a small collection of fossil plants _was made.· 
Tllis 1nine is located on the highest coal bed of 
the Vermejo formation, a fe\v. feet below the 
conglomerate sandstone that constitutes the 
base of the Raton formation. Volcanic rock 
has been intruded into the sedimentary rocks 
at this locality and ·has disturbed them to some 
extent, but near the mouth of the gulch, about 
0ne-fourth mile south of the old mine, the con-

/ 

83 

Trinidad sandstone ........ : ....................... 93± 

Fossil plants of the Vermejo formation iden­
tified as Sequoia reichenbachi (Geinitz) Heer and 
Ficus wardii Knowlton we~e collected from the 
roof shale of the old mine (U. S. Geol. Survey 
fossil locality No. 5694). . 

BOWEN. 

LOCALITY 109. 

Two miles farther east the coal-bearing rocks 
.were examined near Bowen, at locality 109. 
The lower 35 feet of the V ermejo formation is 
not well exposed at this locality.. The super­
intendent of the mine informed the writer that a 
coal bed 18 to 20 inches thick occurs near the 
base, but· its exact position in the section was 
not determined. This doubtless is the coal that 
is opened in Powell Arroyo, at ·locality 107, 
near the base of the V ermej o_. The coal 
developed in the Bowen mirie is 35 feet above 
the top of the Trinidad sandstone, a~d is the 
only coal of any considerable thickness at this. 
locality. Near the 1nine openirig a few feet of 
shale and a thin bed of coal occur between the 
main coal and an overlying sandstone, which 
is massive and -coarse grained and rests ~th 
uneven base on the shale. It is mottled with 
inclusions of clay, a.s in many places in the basal 
· meill,ber o~ the Rato1i'formation, and it contains 
fragments of carbonized wood. The·quartzose 
character is inconspicuous here but in soine 
places near the mine pebbles about one-fourth 
inch in diameter were found in it. 
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In some parts of the mine a sandstone, which Ft. in. 
may be the conglomeratic sandstone just Sandstone and sh.ale, thin bedded............... 35 0 

0 · Coal and carbonaceous shale. . . . . . . . . . . . . . . 12 
de.scribed, rests on the nutin coal. In .other· s · d t d h 1 th. b dd d · 1 an s one an s a e, In e e , In a ternat-
parts of the 1nine shale separates this sandstone ing layers; three thin beds of coal near the 
fr01n. the coal. Fossil plants (},!.yrica torreyi . middle and thinner-bedde~, light-brown sand-
Lesquereux, Ficus speciosissima Ward, and stone at the base.-·-···-.-.- ............ ·.... 70 0 

Sabal? ungeri (Lesquereux) KnowltQn) were Sandstone (Trinidad) containing Haly_menites 

collected from the roof shale and from the mine major Lesquereux ...... · · · · · · ·: · · ·: · · · · · · · · · · 75 0 
Sandstone and shale in alternating layers grad-

dump (U. S. Geol. Survey fossil locality 5692). ing into the massive sandstone above and into 
These belong in the Vermejo flora. An uriiden- the shale below.· (IncludedinPierreshale.) ... 125 

ti.fied palm ·ar;td other fragments of fossil leaves- . Shale (Pierre). 

0 

seemed to belong in the Raton flora. 1\.s. the 
top of the coal marks the line of separati~p. it is 
probable that plants of both floras ·may·· be 
found in the mine dump. 

Tho rocks above tho conglomer~te are fairly 
well exposed near the Bowen mine and were 
searched for coal beds, but no coal was found. 
The rocks consist mainly of massive sandstone, 
such as occurs throughout the Raton Mesa 
region in the lower part of the Raton formation, 
and their assignment to that formation is con­
firmed by tho occurrence in them o"f fossil plants 
belonging to the Raton fl,ora. The section 
follows: 
· Section of rocks 'measured at locality 109, Bowen, Colo. 

572+ 

. Richardson made no attempt tq separate the 
coal-be~ring rocks into two formations,. but the 
conditions observed at neighboring localities 
leave little doubt· that the 20-foot sandstone 
denotes the base.of the Raton formation.. This 
locality was somewhat hurriedly examined ·by 
the writer a year before the inv~stigation .was 
made that resulted in the separation of the 
coal-bearing rocks in this vicinity into two for­
mations, and it was noted that this sandstone 
had contorted Jaminae m1d was coarse grained 
and cross-bedded. It varies considerably in 
·thickness within short distances, and in some 
places rests with uneven base on shale. It 
forms a well-marked shelf in ·the side of the 

[:for graphic section soc Pl. XII, p. 118.] 
Raton formation: Ft. in. mesa. In the rocks below- this s"andstone was 

Sandstone, friable and white in some places, found a fossil conifer, Sequoia obovata Knowl-
harcl and quartzose in other places, ton, a species that occurs very generally·in· the · 
locally conglomeratic, and mot.tlecl with Vermejo formation. In the 20-foot sandston(i} 
inclusions of clay and pieces of charcoal. were found two species of palm, one with broad 

Unconformity. stem and one with narrow stem such as were 
Vermejo formatiqn: 

CoaL ................. : . . . . . . . . . . . . . 8 found in many places near the base of the 
Shale.~................................... 5± Raton, and immediately above this sandstone a 

Coal (Bowen mine) ... ·................ 8± consid(lrable number of plants ·belonging to the 
Shale, with 18 to 20 inches of coal near base._3_5 __ o. Raton flora: · Accor~ing to Richardson's meas-

48± 
'l'rinidacl sandstone ........................... 100 ± 
Pierre shale: 

Transitional zone. 
·shale. 

,·_.~~ 

148± 

A woll-oxposed section one-half mile south of 
Bowori n1ino was examined by G. B. Richard­
son, 225 who has furnished the following section 
for use in this· report: · 

Section of rocks measured by G.. B. Ric_hardson half a mile 
south of Bowen, Colo. · 

Ft. in. 
Sandstone, brown, soft, massive................. 70+ 
Sandstone and shale, buff-colored, thin bedded, 

fossiliferous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 0 
Sandstone, light brown, fossiliferous. . . . . . . . . . . . 20 0 

Coal ..................................... :. 6 

47019° -17·-9 

urement this sandstone is 117 feet above the 
Trinidad sandstone, somewhat more than 
would be expected in view of the fact that at 
locality 108, about· 2 miles to the west, the con­
glomerate with which it is provisionally corre­
lated is only 85 feet above the Trin~ciad, and at 
Bowen mine, one-half mile to the north, it is 
.less than 50 feet. This difference may be due 
in some measure to difference of opinion as to 
what constitutes the top of the Trinidad sand­
stone. The writer included in the Trinidad the 
sandy layers between the massive sandstone 
and the lowest bed of· coal, which Richardson 
see.ms to refer to the coal measures. 
-v The fossil plants collected mainly ·by G. B. 
Richardson's party above the 20.:.foot. sand-
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stone all belong to the Raton fion~ and are as 
follows: 

Fossil plants collected near Bowen, Colo. 

[U.S. Geol. Survey fossil localities 5i94, 5102, 5094, and 5496.] 

Alismaphyllum crassifolium .Knowlton. 
Anemia hesperia Knowlton. 
Cinnamomum mississippiensis? Lesquereux. 

·Magnolia hilgardiana (Lesquereux). 
Palaeoaster inquirenda Knowlton. 
Palmocarpon ·palmarum (Lesquereux) Knowlton. 
Sabal? leei Knowlton. 
Sabal? ungeri (Lesquereux) Knowlton. 

The Pierre shale is well ·exposed south of 
Bowen, where it yielded several small collec­
tions of 'fossils at localities denoted on .Plate I 
(in pocket) by the United. States Geological 
Suryey fossillocality·numbers. · 

5565. Invertebrates near Bow~n,· Colo., from a horizon 
150 feet below the top of the Pierre shale (collected by 
G. B. Riqhardson~s party). 

Baculites compressus Say. 
Inoceramus sagensis Owen. 
Scaphites nodosus Owen. . . 

5565a. Invertebrates from a horizon 275 feet below the 
top of the Pierre shale, near Bowen, Colo. · (collected by 

· G. B. Richardson's party). · 
Baculites compressus Say. 
Baculites ovatus Say. · 
Inoceramus barabini Morton. 
Inoceramus sagensis Owen. 
Inoceramus vanuxeml. Meek and Hayden? 

5667. Invertebrates from the· Pierre shale at a quarry 
·north of Trinidad,· Colo. (collected by G. B. Richardson's 
party).. ' 

Inoceramus barabini Morton.· . 
Inoceramus vanuxemi Meek and Hayden? 
Ostrea sp. 

6511. Pierre fossils collected near the fair grounds, about 
2 miles northeast of Trinidad, Colo. 

Inoceramus sagensis Owen. 
Inoceramus vanuxemi Meek and Hayden? 
Scaphites nodosus Owen. 
Mososaurus sp. · 

6512. Invertebrates from the top of the Pierre shale, 
about 1 mile south of Bowen, Colo. 

Baculites ovatus Say. 
Inoceramu:s sagensis Owen. 

The Trinidad sandstone is probably as con­
spicuous between Trinidad and Bowen as it is 
anywhere in the Raton ·Mesa region. It forms 
a broad shelf, which 'is usually terminated by a 
pr~cipitous cliff. (See Pl. XIV, A, ·p. 125.) 

BERWIND-AGUILAR AREA. 

GENERAL FEATURES. 

The eastern escarpment of ·the Trinidad coal 
field, whi~h attain~ its greatest prominence in 
the vicinity of Bowen, Colo., becomeR less 
prominent far~her north. The Trinidad $and-

stone sinks lower in the cliffs and in .the north­
ern part of the Berwind-Aguilar area approache·s 
the general level of the plain to the east of it. 
(See.Pl. XIV, A, p. 125.) Many of the details 
of the coal beds and the rocks associated with 
them have been ·presented by Richardson. 225 

Throughout most. of this area the conglomerate 
at the base of the Raton formation is well 
developed and is usually conspicuous at the 
outcrop. Also, it is readily recognizable in the 
records of the diamond-drill holes, many of 
which. have· been put down north of this 
locality. ·The drill records indicate the thick­
ness and character of the rocks penetrat~d 
with greater accuracy and detail than are 
obtainable by measurements at the outcrop. 
For these reasons sections were measured less 
frequently in the central part of the Trinidad 
field than in the southern parts, the observa­
tions being directed mainly toward tracing the 
conglomerate and establishing. its relations to 
the under~ying rocks. 

BOWEN. 

LOCALIT¥ 110. 

For about 'one-half mile along the outcrop 
north of Bowen 111i11e the relation of the con­
glomerate at the base of the Raton forination 
to the underlying shale was not satisfactorily 
determined because of surface debris. There 
are some ~dioations that the coal bed on which 
the conglomerate rests in some parts of the 
Bowen mine is absent a short distance north 
of this mine, but this was not determined satis­
factorily because of the brush and slide rock 
which obscure the outcrop. In a prospect 

r entry at the supposed horizon.of the coal, about 
one-fourth n1ile northwest of the mine, only 
shale was encountered. However, .11t locality 
110, about a It~.ile north of the Bowen mine, the 
main coal bed was found about 30 feet above 
the top of , the Trinidad sandstone, and the 
conglomerate about 35 feet above the coal. 

.-The Vermejo formation, which reached a mini~ 
mum thickness of less than 50 feet near Bowen,. 
here thickens to 70 feet, and continues to 
thicken for some distance to the north. (See 
Pl. XII, p. 118.) 

The base of the Raton formation at locality 
110 consists of a conglomeratic sandstone which 
was found to be 12 feet thir,k. It is coarse 
grained and 1nassive and contains great nun1- . 
hers of pebbles one-fourth inch or more in 
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dia1neter. Above this conglomerate there is a 
sheet of igneous rock, and this is overlain by 
sandstone and shale containing Ficus denveriana· 
Cockerell, Ficus JJSeudopopulu~ · Lesquereux, 
Afagnolict ~ilgardiana Lesquereux, and paln1s 
(U. S. Geol. Survey fossil localities Nos. 5101 
and 5693). The pahn leaves are nun1erous and 
well preserved but are so large that. they were 
not collected. The section follows: 

. Section of rocks mea~ured at locality 110, abo1tt a ?nile north-
. ·west of Bowen, Colo. 

[For graphic section see Pl. XII, p. 118.] 

Baton formation: Feet. 

Sandstone, conglomeratic, with pebbles up to 
one-fourth inch in diameter ............... _. 12 

Unconformity. 
Vermejo formation: . 

Covered .... ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Coal..................................... 5 

Covered.................................... 30 

70 
Trinidad sandstone .... ,..... . . . . . . . . . . . . . . . . . . . . . 100+ 
Pierre shale: 

Transitional zone. 
Shale. 

LOCALITY 111 (SUFFIELD MINE). 
182+ 

At the Suffield n1ine, locality 111, about 2 
1niles north of ~he, :Bowen mine, a section of 
the Ver1nejo for1nation was n1easured and found 
to contain at least three beds of coal. The 
for1nation is underlain by the Trinidad sand­
stone and the Pierre shale, which are con­
spicuously exposed in the steep sides of the 
1nesa and overlain by conglo~erate similar t.o 
that at locality 110. The section follows: 
Section of rocks measured at locality 111, Fh~ffield mine, Colo .. 

[For graphic se:::tion see Pl. XII, p. 118.] 

MAJESTIC. 

LOCALITY 112. 

N or.th of Suffield n1ine the basal conglmnerate 
of the Raton formation forms a more or less· 
conspicuous shelf that is· easily recognizable. 
The outcrop of. the 'I):inidacl ~andstone is even 
more conspicuous, and it was deemed unnec­
essary to make detailed measurements for 
about 4 miles northwest of locality 111. 

At the Forbes mine, south of Majestic, the 
conglomerate is ~2 feet thick and rather fine­
grained, the pebbles seldom attaining ·an ob­
served diameter of mqre than one-fourth inch. 
Its base is 122 feet above the top of the Trinidad 
sandstone. The highest coal in the Vermejo 
forn1ation is worked at this locality and is a 
few feet below tiie base of the co~glomerate. 
From the rock clump of the mine the following 
fossil plants were collected, all of which belong 
in the Vermejo flora: 

Fossil plantsfrom the dump of mine 6 at Forbes, Colo. 

[U.S. Geol. Survey fossil locality 5691.] 

Ficus praotrinervis "Knowlton. 
Ficus speciosissima Ward. 
Ficus starkvillensis Knowlton. 
Myrica torreyi Lesquereux. 
Sabal mont~ma Knowlton. 
Sequoja. obovaia Knowlton. 

Near Majestic, in the north wall of the can~ 
yon at locality 112, some of. the rocks are well 
exposed and the Vermejo was found to be about 
110 f~et thick. Here as elsewhere the weak 
rocks of this formation break down easily and. 
form slopes that become more or less covered 
with soil and brush. The overlying sandstone 

Raton formation: Ft. 
Conglomerate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 8 
Sill of igneous rock. . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Conglomerate, with pebb'les up to one-fourth 

h~ is typically conglomeratic, coarse grained,. 

0 massive, and feldspathic, and in son1e places 
is perhaps better described as a conglomeratic 
arkose. The section follow~: inch in diameter. .. .. .. . . . . . . . . . . . . . . . . . .. . . 6 0 

Unconformity. 
Vermejo formation: 

18 . 0 

Covered ......................... : ........... :·. 40 0 
Coal................................... 5 0 

Shale, brown ........................ ~ ...... 12 · 'o 
Coal.................................... 1 8 

Covered ..................................... -30 0 
Coal. ............... :.................... 4 8 

Covered ............................... ·...... 2 0 

Trinidad sandstone. 
Pierro shale: 

Tnmsitional zone. 
Shale. 

95 4 

113 4 

Section of rocks measured at locality 112, near .Majestic, Colo. 

. [For graphic section see Pl. XII, p. 11&.] 

Raton formation: Feet. 
Conglomerate, with pebbles up to half an inch 

in diameter .............. .'. . . . . . . . . . . . . . . . 35 
, Unconformity. 
Vermejo formation: 

Covered...................................... 44 
Sandstone, very shaly and thin bedded, with 

partings of shale............................ 11 
Sill of igneous rock ..... ··. . .. . .. . .. . .. . . . . .. .. 5 
Sandstone, hard, nodular, brown............. 7 
Shale, drab.................................. 17 

Coal.................................... 5 
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- Vermejo formation-Continued. Feet. 

Shale, carbonaceous, black........... . . . . . . . . . 2 
Covered ........... ·........................... ZO 

111 
·Trinidad sandstone ..........•....................... 100± 
Pierre shale: 

. Transitional zone. 
Shale. 

246± 
BERWIND. 

LOCALITY 113. 

The next locality north of :Majestic at which 
a section was n1easured is :p.ear Ta~asco mine 
at locality 113, about half a mile north of Ber­
wind and 3! miles northwest of locality 112. 
The basal conglomerate of the Raton formation 
is 30 feet thick at this locality and is massive 
and feldspathic, with rilimerous pebbles up to 
an inch in diameter. Its lower surface is 
uneven and rests with obvious unconformity 
upon the softer beds below. A .fairly good 
exposure of the Vermejo indicates that it is 
slightly thicker here than it is farther south. 
Only one thick bed ofcoal was observed where 
the section wa~ measured, but Richardson 22~ 
found two beds in Road Canyon south of 
Tal?asco, and doubtless a lower one is pre~ent 
iri the unexposed interval near the base of the 
Vermejo in the following section: 

Section ofrocks measured at locality 113, nem· Berwind, Colo. 

[For graphic section·see Pl. XII, p. 118.) 

Raton for~ation: Ft. in. 

Conglomerate, many pebbles up· to 1 inch in 
diameter ... · ............................ ·. 30 

Unconformity. 
Vermejo formation: 

·sandstone, thin bedded, with partings of 
shale. A thin bed of coal coked by a 
sill of igneous rock occurs near the top. . . . . . 30 

Sandstone, soft and friable, with partings 
0 

Canyon. The flora is not distinctive of the 
Poison Canyon formation, for the species occur 
-also in the Raton. Furthermore it does no.t 
seem tQ be possible to draw a definite line of 

·separation in all places at the present time 
between the Raton and Poison Canyon forma­

. tions. For these reasons these plants are for 
present purposes -included in the Raton flora. 
They are as follows: 

Fossil plants collected southwest of Berwind, Colo. 

[U. S. Gl;lol. Survey fossillocaliti~s 5095, 5107, and 5120.] 

.A.ristolo~hia? elongata Knowlton. 
Cassia richardsoni Knowlton. 
Ficus pseudopopulus Lesquereux. 
Magnolia lesleyana Lesquereux. 
Platanus aceroides latifolia Knowlton. 
Platanus guillelmae Goppert. 
Rhamnus cleburni Lesquereux. 

South of Apishapa River, about 6 miles far­
ther west (Pl. I, in pocket), the same party 
collected plants from a horiZon 400 feet above 
what they regarded as the base of the Poison 
Canyon formation. These are Poison Canyon 
species and are inserted here, as they do not 
seem to differ notably from those found in the 
Raton formation. They are as follows: 

Fossil plants collected 7 miles southw~st of Berwind, Colo. 

[U.S. Geol. Survey fossil localities 5121 and 5045.] 

Ficus denveriana Cockerell. 
Ficus latifolia Lesquereux. 
Leguminosites? arachioides Lesquereux. 
Palmocarpon palmarum (Lesquereux) Knowlton. 

BERWIND TO AGUILAR. 

I LOCALITIES 114-118. 

of sandy shale, yellowish white ........ : . . 20 
Sill of igneous rock. . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Shale, black ............................. -.-. 3 

Between Berwind and Aguilar, ·a distance of 
about 6 miles, the formations from Pierre shale 
to Raton formation, inclusive, were observed 
in several places. The Trinidad sandstone 

~ forms a conspicuo.us 'cliff ·and the basal con-
6 glomerate of the Raton formation was located 

Coal ................................. . 
· Shale·,·black ....... ~---················· 
Coal ................. ·~ ........... ~ ... . 

Covered ..........•......................... 
Shale, sandy and locally carbonaceous ...... . 

5 
3 

9 ·o 
35 0 
10 0 

. without difficulty at every locality observed. 
No sections were measured at the outcrop 
_because of the abundance of more accurate 
data furnished by the diamond-drill borings. 
Unfortunately, the confidential nature of this 

115 
Trinidad sandstone: ..... · ............... : . . . . . . . 100+ 

2 information makes it impossible to publish the 

245+ 

Several fossil plants of the Raton flora were 
collected by the party under G. B. Richardson 
1 to 4 miles southwest of Berwind fron1 rocks 
that are said to be at the base of th~ Poison 

location of ·individual borings. However, five 
records (Nos. 114-118, Pl. XV) have been so 
selected that they probably give an adequate 
conception of the thickness of the Vermejo 
beds a~1d their relation to the underlying and 
overlying rocks. · In addition to these records 
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three others in the same gener~l region have 
been published by I-lills.151

• 

A brief explanation n1ay be included here 
relative to the correlations of these records· 
with each othm: and with sections measured 
elsewhere. It is evident, for example, that the 
position of the base of the Vermejo formation 
:is a tnatter of interpretation. · In section ·114, 
:for example, the 40+ feet.of sandstone at the· 
base is probably the Trinidad, but it might 
possibly be the 38-foot sandstone which lies 
above the lowest coal in section 116: ·Again, 
in section 115, the 7-foot sandstone at the base 
111ay be a part of the rrrinidad or it n1ay possibly 
be a higher sandstone. However, a prominen.t 
conglomerate is present in all five sections, 
and there is little chance of 1nistake in corre­
lating the sections on the assumption that it is 
a continuous bed. If this correlation is cor­
rect, the thickness of the Vermejo forn1ation is 
here 200 to 230 feet or more. 

It has been seen th~t near Berwind, at 
locality 113, the Vermejo beds n1easure only 
115 feet at the outcrop. The drill borings were 
made n.t considet>able distances back from the 
outcrop-in the direction toward which the 
Vermejo forn1ation thickens. · About 20 miles 
farther southwest, at locality 136, it is 345 feet 
thick. The ·increase in thickness . fron1 115 
feet at the outcrop to 230 feet in the drill 
holes is what might naturally be expected. 
Furthermore, near Aguilar, at locality 119, the 
thickness of this forn1ation is nearly as great 
at the outcrop as it is in any of the drillholes 
described. · 

Fossil plants collected north of the wagon road one-hal]'rnile 
1.uest of Abeton, 100 feet below the top of the Raton for;na­

. tion. 
[U. S. Geol. Survey fossil locality 5GSG.] 

Cin:q.amomum? :ficifolium Knowlton. 
Ficus denveriana Cockerell. 
Juglans nigella Heer. · 
Juglans rugosa Lesquereux. 
Magnolia angustifol ia New berry. -
Magnolia magnifolia Knowlton. 

About a mile farther northeast, at a horizon 
100 feet or more lower than the last (U. S. 
Geol. Survey fossil locality 5688), Oinnamomum 
mississippiensis? Lesquereux and Zizyphus 
fibrillosus (Lesquereux) Lesquereux were found. 

About a mile northwest of Trujillo (U. S. 
Geol. Survey. fossil locality· 5687) Artocarpus 
similis Knowlton, },fagnolia magnijolia Knowl­
ton, and Oreodaphne? ratonensis Knowlton were 
found 100 feet below tpe top of the Raton 
formation; and 1 t miles farther northwest 
(U. S. Geol. Survey fossil locality 5124) Ri~h­
ardson's. party obtained Aristolochia? elongata 
Knowlton · and Ficus pseudopopu/us Les­
quereux about 400 feet above the base of the 
Poison Canyon formation. 

IJ?, the north wall of Apishapa Canyon, about 
'3! miles southwest of Aguilar, the follo'Wing 
fossil plants were found near . a coal bed that 
is believed to be the·same as that developed at 
Delagua. · 

!ossil plants collected,southwest of Aguilar, Colo .. 

. [U.S. Gc9I. Survey fossil locality 5089.] 

Oissus laevigata Lesquereux. 
· Ficus denveriana Cockerell. 

Ficus uncata Lesquereux. 
At Delagua, west of H;,astings, a mine has Magnol~a angustifolia Newberry. 

been opened in the Raton fornlation on a bed Magnolia magnifolia Knowlton. 

that is estimated to be about 850 feet above GONZALEs CANYON, coLo. 

the Trinidad sandstone, 225 or something 1nore LocALITY 119. · 

than 600 feet above the base of the Raton for- Near the mouth of Gonzales Canyon, about a 
1nation. A collection of pl~nts was made from mile west of Aguilar, the rocks from the Pierre 
the rock dump of this .1nine,_ as follows: . shale to the Raton formation are well exposed, 

Fossil plants from Delagua, Colo. and a section of them was measured at local-
[U.S.Gcoi.Survcyrossiliocaiitysooo.~ ity 119. A. G. Broadhead has spent several 

Artocarpus similis Knowlton. years in prospecting the coals in this vicinity, 
Laurus socialis Lesquereux. and the section measured by hin1 agrees in 
Magnolia angustifolia Newberry. general with that measured by the writer and 
Magnolia magnifolia Knowlton. his assistant but includes more details,· espe-
;~atanus acer?ides latifolia Knowlton. .cially regarding the number and position of the 
Z1zypht~s fibnltosus (Lesquereux) Lesquereux. coal bed F th' ·u· B dh d' . . s. or IS reason .1nr. roa ea s 

A few miles farther west, near Abeton, north section is given below. On the other hari.d 
of t~1e Apisha~a (Pl. I~ in pocket) several col- ~1r. Broadhead laid special emphasis on th~ 
lectwns of foss1ls were made: number of coal beds and .the thickness of the 
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coal and paid little attention to· the character 
of the intervening rocks. For this reason these 
rocks are described as sandstone and shale 
with little attempt at. differentiating them. 

Section of rocks measured at locality 119, near Aguilar., Colo. 

Measurements furnished by A. G. Broadhead, who has prospected all 
of tho coal beds near this locality. For graphic section see Pl. XV, 
p.l32.] . 

Raton formation: 

zone near the middle of this formation at Raton 
and elsewhere, which, contains fossil plants, car­
bonaceous shale, and thin sean1s of coal. · Haly­
menites major Lesquereux is very abundant 
above this ·zone, and with it ·are found large 
concretions of sandstone that ~re harder and 
darker than the mass in which they are em­
bedded. The massive character of the forma-
. tion continues unchanged to the top, where the 

Sandstone and shale. Ft. 

Coal.................................. l 
Shale...................................... 12 

in. transition to the carbonaceous shale and coal 
0 of the Vermejo formation is very abrupt. 

Coal ................................. . 1 
Sandstone, shaly in some places. . . . . . . . . . . . 225 

0 · The Vermejo is about 200 feet thick and con­
~ sists of the shale a1'ld relatively soft sandstone 

that characterize this formation throughout the 
region. Sandstone constitutes a considerable 
part of the formation, but it is -the custon1ary 
soft granular variety which disintegrates almost 
as readily as the shale, so that the slope at the 
outcrop of this formation is smooth and often 
covered with soil.· 

Coal.................................. 4± 
Sandstone and shale .......................... 88 0 

Coal.................................. 4 0 
Shale and sandstone, fossiliferous. . . . . . . . . . . 50 0 

Coal, with thin partings of sandstone..... 4 0 
Sandstone, hard, white. . . . . . . . . . . . . . . . . . . . 50 0 

Coal, dirty............................ 4 0 
Sandstone, massive, forms cliff....... . . . . . . . 100 0 
Sandstone, with thin layers of shale -and 7 or 

8 thin beds of coal .............. ~ ....... 170 0 
Conglomerate, variable in thick:riess and 

character; contains pebbles up to one-
half inch in diameter ................... . 

Unconformity. 
Vermejo formation: 

· Coal, variable in thickness; absent in 
s9me places ......... ~ .............. . 

Shale .. ~ .................................. . 
Coal .................... , ............ . 
Shale ......... · ........................ . 
Coal .... · ............. _' ............... . 

Sandstone ..................... :- . ......... . 
Coal (Robinson bed), varies in thickness 

from 1 foot to 4 feet ................. . 
Sandstone and shale ...................... . 

Coal ........................... , ...... . 
Sandstone and shale ............. · .......... . 

Coal ................................. . 
Shale and sandstone ...................... . 

Coal ................................. . 
Shale ...................................... . 

Coal, mostly burned .......... : ........ . 
Shale.~ ................................... . 
Graphite (?) .............................. . 

Trinidad sandstone: 
Sandstone containing Halymenites major Les-

6± 

719± 

2± 
11 
1 
1 

'1 
32 

3 
68 
1 

20 . 
6± 

30 
1 
8 
2 

12 ' 
1 

201± 

quereux ...... ·'· .............. .' ......... 920± 

0 
4 

0 
0 
0 

6 
0 
0 
. 0 

0 
0 
0 
8 
0 
0 

The Pierre shale a1id Trinidad sandstone are 
characteristically developed at this locality, as 
everywhere in the Raton Mesa region. Th~ 
Trinidad forn1s a pron1i1ient cliff, near the mid­
dle of which there is a zone of hard, flaggy, 
ripple-marked sandstone sin1ilar to that in the 

The base of the Raton formation is marked 
by a hard, n1assive, conglomeratic sandstone 
which varies in. thickness from 3 to 30 feet in 
the one-fourth. mile or so of the outcrop ob­
served and contains pebbles mostly of quartz 
and chert up to 2 inches in diameter. It lies 
unconformably on the Vern1ejo, in SOll}e places 
on coal which varies in thickness from 2 feet or 
more to zero, and in other places on the ~hale 
which normally underlies this coal bed. The 
conglomerate is overlain by a sandy shale which 
contains· several thin beds of coal and seems to 
·correspond in a general way ·with the coal­
bqaring shale which has been noted in n1any 
places throughout the eastern part of the Raton 
Mesa. region and which farther south contains 
the Sugarite coal. . '"fhis shale is overlain by the 
cliff-n1aking sandstones of the so-called "bar­
ren series." However, from the fact that the 
rocks are shaly above the conglomerate it does 
not follow ~hat they are at all like the shaly 
sandston~s of the 0 Vermejo formation. The 
aspect_ of the slope above the conglomerate is 
very different fro1n that below. Above this 
conglomerate the sandstones are hard and form 

·more or less well-defined cliffs that contrast 
sharply with the smooth regular slope at the 
outcrop of the Vennejo. 

Several thick beds of coal outcrop above the 
cliffs of the "·barren series." On .three of then1 
n1ines have been opened 330 to 475 feet above 
the base of the Raton formation. The rock 
waste from all three of these mines is dun1ped 
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in the same place, and fron1 this dump a large 
collection of fossil plants was obtained, as 
follows: 

Fossil plants from the Green Canyon mines in Gonzales 
Canyon near Agnilar, Colo. 

[U.S.' Goal. Survc); fassillocality 5684.) 

Apocynophyllum linifolium Knowlton. 
Chionanthus membranaceus Knowlton. 
Ficus aguilar Knowlton. 
Ficus duplicata Knowlton. 
Ficus schimperi Lesquereux. 
Juglans schimperi Lesquereux. 
Laurus pedatus? (Lesquereux). 
Magnolia angustifolia Newberry. 
Magnolia magnifolia Knowlton. 
Magnolia rotundifolia Newberry. 
Nectandra lancifolia (Lesquereux) ;Berry. 
Populus neotremuloides Knowlton. 
Fagus papyracea Knowlton. 
Magnolia cordifolia Lesquereux. 
Populus, female ament. 
Rhamnus goldian4-s? Lesquereux:. 
Vitis leei Knowlton. 

rrhere are coal beds at horizons higher than 
those indicated in th~ section, but these ha~l not. 
been developed at the time of investigation, ' 
and their position in the fonnation is not known· 
further than that they ·a1·e near the ~op of it. 
The rocks associated with these coals are fossil­
iferous and Richard~on's party collected Ficus 
denveriana Cockerell, jJ{agnolia angustijolia 
Newberry, Magnolia hilgardiana Newberry,· 
Magnolia magnijolia Knowlton, and Platanus 
ace1·oides lat~folia Knowlton from th~m (U. S .. 
Geol. Survey fossil localities Nos. 5118, 5122, 
and 5123). rrhe same. party obtained a goC?d; 
collection of plants fron1 the Poison· Canyon 
formation about 2 miles w~st of the Gree~1 
Canyon mine. Of these plants Knowlton says 
that although the J_)reviously described species 
are all found in the Denver forn1ation, with 
which the Poison Canyon . h~s been directly· 
correlated, they also occur in the Raton forma­
tion. 1'1ley are as follows: 

Fossil 1)lants from the Poison Canyon formation, about 5 
miles 1.vest of Aguilar, Colo. 

[U.S. Goal. Survey fassillocality 5046.] 

Comus studeri? fleer. 
Euphorbocarpum richardsoni Knowlton. 
Ficus richardsoni Knowlton. 
Laurus socialis Lesquereux. 
Magnolia laurifolia Lesquereux. 

Platanus guillelmae Goppert. 
Rhamnus cleburni Lesquereux. 
Zizyphus fibrillosus (Lesquereux) Lesquereux. 

North of Agu~aT the formations were traced 
along the outcrop and exa:r;nined in detail in 
several places, but their str:uctural relations 
appeared so obvious that it seemed Ullllecessary 
to n1easure sections at short intervals. At the 
Jewel n1ine, 1-! miles 1-lorth of Aguilar, and at 
the Rugby mine, about 5 n1iles north of that 

· tnwn, the conglmnerate at the base of the Raton 
formation was exmnined in detail. At Rugby 
it is about 200 feet above the Trinidad sand­
stone. The coals of both the Raton and the 
Vern1ejo formatimis have been developed here· 
and have been described by Richardson.225 

The rocks of the Raton forn1ation are very 
fossiliferous near Rugby, but only one species, 
Platanus ace1·oides lat~folia Knowlton, was col­
lected (U. S. Geol. Survey fossil locality No. 
5696). 

For seve:r:al miles north of Rugby the con­
glonlerate is unusually pron1inent and forms a 
shelf in the side of the mesa that can be readily 
recognized even from considerable. distances. 
Near the New Rouse mine, on Santa Clara, 
Creek, it is 25 feet or more in thickness and 
consists of pebbles mainly of quartz ~nd chert 
embedded in a inatri.x of coarse sand. Many 
of these pebbles are an inch or more in diam­
eter and some reach a diameter of 2! inches. 
Several beds of coal occur below the conglom­
erate, the highest of which is rep.orted by the 
superintendent of the Rouse mine to be about 
150 feet above the top of the Tr:inidad sand­
stone. The rocks are faulted in the vicinity 
of th!s mine. The rocks above the conglom­
erate are composed mainly of sandstone. At 
a horizon supposed in the field to be about 100 . 
feet above the base of the Raton formation 
Ficus gigantea Knowlton a1\d Oredneria proto­
phylloides Knowlton, were found near the water 

·iank of the mine (U. S. Geol. Survey fossil 
locality 5685).. These ·prove on examination 
to be Verni.ejo types of plm1ts and it· may be 
that the horizon was n1isinterpreted by the 
writer. · This possibility is strengthened by the 
fact that -the rocks near New Rouse have been 
shown by mining operations' to be badly faulted. 

The Trinidad sandstone and the Pierre shale 
are both fossilifero~s on Santa Clara Creek. 
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· From the sandstone Richardson's party col­
lected the following species: 

Invertebrates from a railroad cut in the Trinidad sandstone, 
one-half mile east of Piior mine, near Rouse,· Colo.· 

[U. S. Geol. Survey fossil locality' 5590.] 

Ostrea pellucida Meek and Hayden. 
Ostrea sp. 
Chlamys nebrascensis Meek and Hayden. 
Avicula nebrasca:ria Evans.and Shumard. 
Inoceramus barabini Morton. 

The same party collected shells from the· 
upper part of the Pierre shale at two localities, 
as follows: -

_ Invertebratesfroma point 500feet south of Santa Clara Creek, 
1! miles east of Monson, Colo. 

1 
[U.S. Geol. Survey fossil locality 5591.) 

Ostrea pellucida Meek and Hayden. 
Inoceramus vanuxemi Meek ·and Hayden? 
Cucullaea sp. -
Lucina sp. 
Volutoderma sp. 

· Scaphites nodosus Owen_ var. 

Invertebrates from-the south side of Santa Clara Creek, about 
2! miles east of Monson, Colo. 

· [U ., S •. Geol. Survey fossil locality 5592.] 

Nucuia sp. 
Baculites ovatus Say. 
Baculites compressus Say. 
Scaphites nodosus Owen. . _ . 
Heteroceras cheyennense Meek and Hayden? 

About a n1ile north of the New Rouse mine 
the basal conglomerate of the Raton formation 
forms a broad shelf, which was dete~ined by 
barometer to be about 200 feet above the top 
of the Trinidad sandstone, which is exposed to 
the east.· (See Pl. XVI, A.) Three beds of 
coal in the Vermejo formation have been 
opened at the Pryor mine (No. 108, PL I, in 
pocket), about one-fourth mile west of the point 
shown iri this illustration. Their positiqns in 
-the section are shown by Richardson225 as 

. I) 

follows: 

Coal (upper bed) ................ ·_ ........ . 
Interval ............. ~ .......... : . .......... ~- . · 

Coal (~ddle bed) .............. : .......... . 
Interval .................... - - .. - . - - . - - - . - ~ - -- - 30± 

Coal (lower bed).· ................. :.......... · 4 6 
---

83± 

An attempt was made to measure a section 
of the rocks in a small canyon about 4 Iniles 
northwest of-the Pryor mines, but the beds are 
nowhere sufficiently well exposed. Apparently 
the conglomerate which is so prominent near 
the Pryor mines loses its massive character in 
some places and is not conspicuous in. this 
canyon. However, a little farther north, or 
about 3 miles south of Walsenburg, it is well 
developed as a coarse ''pudding stone'' and 
forms a prominent ridge. 

A collection of fossil plants belonging to the 
Raton flora was made in this canyon, at a 
horizon estimated to be about 300 feet above 
the base of the Raton formation, and is as 
follows: 

Fossil plants collected abou~ 4 miles west of Mayne, Colo. 

[U. S. Geol. Survey fossil locality 5683.] 

·Magnolia angustifolia Newberry. 
Nyssa lanceolata Lesquereux. 
Quercus simplex Newberry. 
Platanus aceroides latifolia Knowlton. 
Platanus platanoides (Lesquereux) Knowlton. 

About 3 miles farther north the basal con­
glomerate . of the Raton formation attains 
prominence and several prospect openings have 
been n1ade in the coal beds ·below it. About 
10 feet above the base of the Vermejo forma­
tion (U. S. Geol. Survey fossil locality 5130) 
Richardson's party found Ficus praetrinervis­
Knowlton, . Ficus wardii Knowlton, and Salix 
gardneri oK.nowlton- at the Simpson or Raven­
wood mine; and at about the same horizon they 
found in the roof. of the Cameron mine (No. 122, 
Pl. I) Ficus haddeni Knowlton, Ficus prae­
trinervis Knowlton, and Salix plicata Knowl­
ton (U. S. Geol. Survey fossil locality 5044). 
About 1 mile southwest of these localities, at 
a horizon about 130 feet higher, the same party 
collected the following: 

· Fossil plants collected about 130 feet above the' base of the Ver­
mejo formation and 50 feet below the overlying conglom­
erate, 3 miles south of Walsenburg, Colo. 

[U. S. Geol. Survey fossil locality 5131.) 

Geinitzia formosa Heer. 
Phyllites aurantiacus Knowlton. 
Quercus gardneri Knowlton. 
W.iddringtonia? complanata Lesquereux. 
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A . STRUCTURAL RELATIONS SHOWN IN THE NORTH WALL OF SANTA CLARA CANYON, 
COLO., AT THE EASTERN MARGIN OF THE TRINIDAD COAL FIELD. 

B. EASTERN MARGIN OF TRINIDAD COAL FIELD, NEAR SHUMWAY, COLO. 
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WALSENBURG AREA, COLO. 

OENEll.AL FEATUR.ES. 

Near ·walsenburg the coal-bearing rocks are 
well exposed on Cuchara River and yielded 
large collections of fossil plants. Also, a 
considerable amount of exact inforn1ation was 
obtained from the records of the coal con1-
panies operating in the Walsenburg district. 
But north of Walsenburg the coal-bearing 

. rocks are not well exposed and it is not easy in 
sotue places to distinguish ·between the Raton 
and the Vermejo formations. The escaq:>­
lnent at. the margin of the coal field is not 
prominent (see Pl. XVI, B), and such cliffs 
us occur are for1ned by the harder rocks within 
the coal lneasures, ancJ. the Trinidad sandstone 
outcrops in the plain to the east. The basal 
conglmnerate of the Raton for1nation was 

·traced with confidence only a few.tuiles north 
of Walsenburg. In the northern part of the 
Trinidad field the Poison Canyon formation 
semns to approach close to the Vermejo if, 
indeed, it does not cmne in actual contact with 
it. No clear evidence on this question was 
obtained by the present writer. 

CUCHAltA ll.IVER. 

LOCALITY 120. 

Opportunity was afforded in· the valley of 
Cuchara River southwest of Walsenburg to 
1neasure in detail a section of rocks from the 
Trinidad sandstone to the ~oison Canyon for­
lnation. 111e lower 130 feet or :more of the 
Vermejo forn1ation has been penetrated by a 
shaft at the McAnily mine, one-half 1nile west 
of Walsenburg, and the part o~ the following 
section below the Robinson. coal bed was 
obtained from the records of this shaft. At 
q1e Rockh~.nd mine, locality 120, about 2 1niles 
southwest of Walsenburg, a shaft had been 
sunk previous to the ti1ne of investigation, 
and exact n1easuren1ents of· the rocks pene­
b·ated were obtained from the records. The 
bottmn of the shaft reached a coal which the 
operator supposed to be the Robinson bed, 
but it re1nains to be demonstrated whether 
it is the same as that milled the Robinson coal 
at the McAnily Inine. However, for the fol­
lowing section it is assumed to be the sa1ne. 
A coal bed locally known as the Solar coal is 
exposed in the south bank of the river, and was 
penetrated near the top of the shaft. - From 

this coal a section was measured at the outcrop 
in the bluff south of Rockland mine and added 
to that from the Rockland shaft, the correlation 
being made by means .of the Solar coal. The 
combined section follows: 

Section of rocks measured at locality 120 in the Ouchara 
.Valley, near Walsenburg, Colo. 

[The upper part, 600 feet, was measured at the surface in the south wall 
. of Cuchara Canyon; the middle part, between the Solar and the Robin· 

son coal beds, was measured in the shaft of the Rockland mine; the 
part below the Robinson coal was measured in the shaft of the McAnily 
mine. For graphic section see Pl. XV, p. 132.) 

Poison Canyon(?) formation: 
Covered by igneous talus from dike, which 

forms Unfug Ridge ... ~ ................ . 
Sandstone, fine grained ................... . 
Sandstone, massive, coarse grained, friable; 

contains pebqles one-fourth inch in diam-
ater ................... - .... - .... -.--.--

Covered .............. _ . _ . _ ..... _____ .... . 
Sandstone, yellow, thin bedded, fossilif-. 

erous (5678) _. __ ... _ . ____________ . _ .•.. 
Covered .. : ..... _. ...... ______ . ___ ... ~_ ... . 

Sandstone, yellow, thin bedded, fossilif-
erous. _ ...... : .. ____ ..... _ . _ . ______ ... . 

Covered .............. _· __ .. ___ ·- ___ . ___ ... . 
Sandstone, yellow, massive, coarse grained; 

contains pebbles of quartz. and feldspar 
up to one-fourth inch in diameter ... .' ... 

Raton formation: 
Sandstone, gray, fine grained, thin bedded. 
Sandstone, yellow, massive ..... ______ . __ _ 
Sandstone, thin bedded, with partings of 

sandy shale, fossiliferous .. __ .. _._. ___ ._ .. 
Sandstone, yallow, coarse grained, massive. 
Sandstone, shale .. _ .. _____ .'_ ....... _ ... __ 
Sandstone, yellow, massive, fossiliferous._ 
Covered ...... _ ..... _ . ___ : _____ . _ . ____ .. ~ _ 

Sandstone, yellowish, fine grained .... _ ... _ 
Covered ........... ____ ... ___ ._ ..... __ .. _. 
Sandstone, yellow, thin bedded, fossilif..; 

erous (5679) ------ __ . _ .. ___ ... __ ... __ .. 
Covered, ... _ ...... ____ .... __ :_. __ ._,_. __ ·_ 
Shale. __ . __ .. __ ... _ ...... ____ .. _________ _ 

Coal, Solar bed, with three sandy part-
ings ...... _-·- ___ ... __ . ____________ . 

Shale .......... - - - ........ - ... - - - - - - - . - - -
Sandstone .. ___ .. __ . _ ..... _ . ______ . _ . _ .. _ 
Shale .. __ . __ .... _ .. __ . __ ......... ______ .. 
Sandston, e ........ ___ ......... _ .. · ..... __ _ 
Shale ...... ___ ........... _ ..... __ .... _ .. . 
Sandstone .... _ ............ _ .. ________ . __ 
Shale._ .... ___ ........................... . 
Sandstone. ___ ............ _ ... _ .... __ . __ _ 
Shale ........................... _____ ... . 
Sandstone. ____ ._. __________ ...... _. __ . __ 

Shale ..................... ---------------
Coal ................. _. ________ . ___ . 

Sandstone. ___ ........ _ . _ . _____ . _· _ . _ . ___ . 

Shale ........ _-- .... ___ .................. . 

Ft. in. 

40 -o 
15 0 

30 0 
52 0 

23 0 
17 0 

21 0 
29 0 

15 0 

242 0 

50 0 
12 0 

34 0 
24 0 
22 0 
20 0 
15 0 
30 0 
12 ' o· 

23 0 
55 0 
15 0 

4 0 
12 0 
53 0 
14 0 
6 0 

11 o· 
31 0 
9 0 

21 0 
15 0 
25 0 
10 0 

1 2 
19 0 
6 0 
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Raton formation-Continued. 
Sandstone ..................... ~ ........ . 
Shale .......................... · .......... . 

Coal ............................... . 
Sandstone and shale .... : ............... . 

Coal ................................ . 
Sandstone and shale .................... . 

Coal. .......... ~ ......... , ..... : • .... 

Ft. in. 

82 0 
1 

i6 

Ficus wardii Knowlton. 
Liriodendron ala tum Newberry. 
Myrica torreyi Lesquereux. 
Palaeoaster inquirenda Knowlton. 
Phyllites leei Knowlton. 
Phyllites walsenburgensis Knowlton. 
Pterospermites wardii Knowlton. 
Sequoia obovata Knowlton. 

Sandstone and shale ..................... . 
coaL ... · ........................... . 

Sandstone and shale ..................... . 
Coal .................. ~ .. ~·- ........ . 

Sandstone and shale ........... · .......... . 
Sandstone .............................. . 
Shale ................................... . 

15 
1 

26 
2 

10 
1 

30 
15 
3 

0 
8 
0 
7 
0 
5 
0 
7 A large collection of fossil plants of the 
o Vermejo flora was made from the rock dump 
2 of the Rockland mine in material· which, 
0 according to the superintendent's statement, 
0 is from above the Robinson coal bed at the 
0 
4 base of the shaft. They tt,re as follow~: Coal, bony ......................... . 

Coal ............................... . 
Shale ...............................• 

3 Fqssil pla'fl,ts collected at the Rockland coal mine, about 3 
. 1~ · miles southwest of Walsenburg, Colo. 

Coal. .................... ." ......... . 
Sandstone and shale ............• .' ... · ..... . 
Sandstone, conglomeratic, pebbles of 2 

inches maximum diameter, 12 feet ·were 
conglomeratic ........... · ............. . 

Vermejo formation: 
Shale, with thin bands of sandstone ...... . 

Coal ................... · ............ . 
Sandstone and shale, 'fossiliferous·(5676 and 

5677) ................. : ........ · .... ·.· .. . 
Coal, supposed to be the Robinson bed. 

Shale and sandstone ..................... . 
Coal ....... : ....................... . 

Sandstone and shale, containing three thin 
beds of coal, fossiliferous ......... · ...... . 

Coal (W alsen bed) .................. . 
Shale, containing three beds of coal 12 

to 14 inches thick .................... . 
Sandstone ............ ~ ................. . 

Coal (Cameron bed) ........ ~ ........ . 

24 0 

14 0 

793 6 

42 6 
6 3 

26 0 
3· 5 
6 0 
1 2 

69 0 
6 0 

28 0 
12 0 
1 2 

Trinidad sandstone. ----
201 0 

1,236 6 

According to this section the ·Vermejo forma­
tion in the vicinity of Walsenburg is about 200 
feet thick and consists of coal-bearing sandstone 
and shale similar to those described elsewhere. 
It is very fossiliferous· in some places. From 
the rock dump of the McAnily mine a collection 
of plants was obtained from material said to 
come from above the W alsen coal bed. How­
ever, all of the material from the shaft is con­
tained in this rock dump, and it is possible that 
some of the fossils came from other horizons, 
but all belong to the Vermejo flora. They are 
as follows: , 

· Fossil plants from McAnily mine, near Walsenburg, Dolo~ 

[U.S. Geol. Survey fossil locality 5676.] 

Artocarpus dissecta Knowlton. 
Cissites panduratus Knowlton. · 
Ficus minima Knowlton. 

[U.S. Geol. Survey fossil locality 5077.] 

Asplenium? coloradense Knowlton. 
Canna magnifolia Knowlton. 
Cissites pand uratus Knowlton. 
Ficus leei Knowlton. 
Myrica torreyi Lesquereux. 
Pterospermites nervosus Knowlton. 
Sequoia reichenbachi (Geinitz) Heer. 

The basal conglomerate of the Raton forma­
tion is well developed in the vicinity of Wal­
senburg but is irregular in thickness and some­
what . variable in character. North of the 
wagon road, about one-fourth mile west of the 
W alsen mine (No. 123, Pl. I), it oonsists of a 
conglomeratic sandstone about 3 feet thick, 
which is hard and quartzose in some places 
and relatively soft in other places, so that the 
weathered surface is rough and craggy. The 
pebbles, consisting mainly of quartz and chert, 
are contained in pockets or lenticular masses, 
and most . of them are less than .. one-half inch 
in diameter, although some about 2 inches in 
maximum. diameter were found. In some 
places south of the river, although the sand­
stone representing ·the conglomerate is readily 
identified, no pebbles were found in it for con­
siderable distances. · On the other hand, in 
the shaft of the Rockland mine a thickness of 
12 feet of conglomerate was penetrated and 
reported as "a pudding stone with pebbles up 
to 2 inches in diameter." From these f~cts· 
it is evident that this basal conglomerate varies 
within short distances from a sandstone to a 
massive conglomerate. It rests with uneven 
base on the Vermejo forma~ion, and the uncon-

. formable relation thus suggested may explain 
the apparent variation in the thickness of the 
Vermejo formation in the vicinity of Walsen-
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burg. If the records obtained from the 
McAnily an.d Rockland mines are correctly 
interpreted, ·this formation is about 200 feet 
thick. On the other hand, certain drill recor.ds 
in the vicinity of Walsenburg show that a 
th.iclmess of 240 feet or more intervenes 
between the congl01nerate and the Trinidad 
sandstone. .Also tl1ere are discrepan~ies. in 
the number of coal beds .reported. · If it is 
assumed that the nmnber as reported is correct, 
it is diflicul_t to explain their occurrenc~ with­
out assuming that son1e of the higher beds of 
the Vcrtnejo were eroded away in certain places 
pr.evious to the deposition of the basal con­
glomerate of the Raton. 

The Raton formation is not continuously 
·exposed where the upper part of the section 
was measured. Several massive sandsto~es 
occur, as shown in the section, but in the inter­
vals between the1n the rocks are covered with 
soil at the outcrop. Doubtless shale and beds 
of coal corresponding to some of those pene­
trated by the diamond drill farther south occur 
in these poorly exposed intervals. The upper 
part of the section' includes some . of the con­
,glomeratic beds which R. C. Hills 148 maps as 
Poison Canyon. It is not the purpose of this 
paper to discuss the relation of the Poison Can­
yon formation to the Raton formation, but it 
may be mentioned in passing that certain 
fossil plants found here (U. S. Geul. Survey 
fossil locality 5678) above the base of what has 
b.een mapped as Poison Canyon are indistin­
guishable frcnn those in the Raton formation. 
'They are jJf.agnolia magn~folia Iillowlton and 
palms. 

The Raton formation is very fossiliferous 
near Walsenburg. A large collection was 
made at a horizon a f~w feet above the Solar 
coal in the north bank of Cuchara River, one­
fourth mile east of the Rockland mine. They 
. are as follows: 

Fossil plants collected near the Rockland mine southwest of 
Walsenburg, Colo. 

[U. S. Goo!. Survoy fossil locality b679.] 

. Andromeda scripta Knowlton. 
Artocarpus similis Knowlton. 
Castalia leei Knowlton. 
Cinnall?-omum mississippiensis? Lesquereux. 
Ficus neoplanicostata Knowlton. 

· "Geonoma" gigantea Knowlton. 
Juglans rugosa Lesquereux. 
Liquidambat~? cucharas Kr1owlton. 
Magnolia hilgard.iana Lesqu~reux. 

Rhamnus cleburni Lesquereux. 
Sabal? leei Knowlton. 
Sapindus rocklandensis Knowlton. 
Tilia speciosissima Knowlton. 
Viburnum contortum Lesguereu~. 
Viburnum magnum Knowlton. 
Vitis inominata Knowlton. 

PICTOU AN.D MAITLAND. 

The prominent cliffs that occur at the eastern 
margin of the coal field south of walsenburg 
are inconspicuous or wholly absent north or' that 
town~ The outcrop of the Trinidad sandstone 
can be traced readily but does not form a con­
tmuous eli~, as it does in most parts of the 
field. TheY ermejo formation continues north.:. 
~ard apparently undiminished in thickn~ss 
butno place was found during the somewhaf 
hasty examination of this . part of the field 
where a detailed section could be measured. 
The Yermejo coals d~veloped in the vicinity of 
Walsenburg continue northward and are mined 
at Pictou and Maitland. In the Pictou mine 
three thick beds have been opened, but Rich­
ardson 225a has shown that two of these coalesce 
to Iorm a single bed.· S01ne of the peculiar­
ities of structure near. Piotou were noted 
n1any years ago. !ieade 149 published in 1900 
a cross section of the rocks at this locality 
in which he indicated a difference in dip be­
tween the· coal beds and the overlvinO' sand-• b 

stone but failed to explain its· significance. At 
Maitland only two beds of coal have been 
opened at the mine:, but certain drill records 
show that there are several coal beds in this 
part of the field. The following section is 
taken fron1 the record of a hole bored about 4 
miles northwest of Walsenburg: 

Section 'of rocks ]Jenetrated by diamond drill about 4 miles 
north'West of Walsenburg, Colo. 

. [For graphic soction see No. 121, PI: XV, p. 132.] 

Raton formation: Ft. in . 
·Surface debris .............................. 17 o 
Shale................................ 54 0 
Sandstone.................................. 4 0 
Shale................................ 5 0 
Sandstone.-................................. 3 0 
Shale................................ 11 0 
Sandstone.. . . . . .. . . . . . . . . . . . .. . . . . . . 5 0 
Shale................................ 1 o 
Sandstone........................... J.4 0 
Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 o 
Sandstone ..... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 
Conglomerate............... . . . . . . . . . . . . . . . . . 8 0 
Shale....................................... 7 o 
Sandstone. .. . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . J.4 o 
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Raton fo.:-mation-Continued. Ft. in· Verniejo formation(?)-Continued. Ft. in .. 

Shale ......... -............ :................. 6 0 
Sandstone.. . . . . . . . . . . . . . . . . . . . . . .. .. . . .. . . . 11 . 0 
.Shale .................................... · ... -20 0 
Sandstone ....... : ........... : ......... ·. . . . . . 3 0 
Shale ...... ,................................ 6 4 
Igneous rock.·............................... 8 
Shale ...................................... ~ 7 0 
Sand~tone .................................. - 2 
Shale ...... -................................. 6 

0 
0 

Sandstone .......... _ ....... · ........ : ........ 18 4 
Shale ....................................... 7 .8 
Sandstone ........... .'...................... 2 

Coal .................. , ............... -. . 3 
' Shale ............... · ........................ 24 

Coal. ..... : .......... _ ..... ~ ............... . 
Shale ................................... 1 
CoaL ................... : ................ . 

0· 
8-
8 
3-
7 

11 

Sandstone ...... : . . . . . . . . . . . . . . . . . . . . . . . . . . . - 6 0 174 0· 
1 Shale ................................. : ..... 3 0 Trini~ad (?) sandstone ........................... 51 

Sandstone.................................. 6 0 607 11 
Shale ................ , .. -~ .......... :........ 8 0 

The lowest sandstone of this record, is sup--S~ndstone· .................. ~ ......... ~--- ·- 3 0 d h 
Shale ................................. :..... 7 6 pose to be t e Trinidad, but there is nothing· 
Sandstone ................... : ........ ·...... 6 in the ;reoord to denote how many of the ceal 

Coal. .............................. :.--.... 5 beds belong to the Vermejo, nor where the top· 
Coal, dirty·······:······-·············· 8 of' this formation occurs. I-Iowever, by com-· 

Shale ......... ···-· ... ····-· .. · .. · .... .-...... -- 4 11 paring it -with the section- measured near 
Sandstone. .. .. .. . . . . . . . . . .. . . . . . .. .. .. . .. . . 9 0 
Igneous ·rock ............................. " . . 4 
Shale ....................................... 16 

Coal ............ _ .......... _ ..... _. __ .. . 
Shale ... ~ ................................. -.. 15 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Coal .. : ............................... . 
Shale .................... · ...... ~ ............. 5 

Coal ...... · .............................. . 
Shale ...................................... . 
Sandstone.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale ....................................... 13 

Coal .................................. . 
Shale ................. _ ....... _ ............. 16 

Coal .............................. -..... -
Shale.~ .............. ·: ............. ~---· 1 
Coal ................................... -

Shale ....................................... 13 
-Sandstone (probable base of ;Raton formation). 14 

6 Walsenburg (No. 120), in which the conglom-
6 erate is well developed, it seems probable that 
7 the 14-foot sandstone, 173. feet apove the top· 
5 of the Trinidad, is the base of the Raton forma-· 
0 
2 tion. (See Pl. XV, p. 132.) 
4 Little is known of the Raton formation 
2 north of Walsenburg. In the drill. hole just 

- 3 described a conglomerate was penetrated 
1 about 4 70 feet above the top of the Trinidad 
~ sandstone. This .is far above the horizon at 
o which the basal conglomerate of the Raton 
8 formation is to be expected, and it 'seems more' 
6 probable that this conglomerate is either one' 
6 of local occurrence near the top o~ the Raton· 
4 

orthat it belongs to t:Q_e Poison Canyon forma-­l 
tion, which, without doubt because of erosion. 

382 10 of the Raton for~1ation, is known to descend 

0 in the section toward the n0rth and west. 
Vermejo formation(?): 

Shale .................. -_ ..... -............... -7 
Coal ............................... · .... 2 

Shale........................................ 7 
Coal ....... -.... ~ ................... : ... · 

Shale .................. .- ........... · ......... 9 
Sandstone ............. , . . . . . . . . . . . . . . . . . . . . 14 
Shale .. .' ............... : ............. ~ ....... 2 

5 
3 
7 

SHUMWAY. 

.About a mile south of Shumway a part. of 
1 the Vermejo formation is well exposed (see Pl. 
0 XVI, B), but no place was-observed where a. 
0 complete and satisfactory section- could be, 

Sandstone .............. -.............. -.~---· 2 6 - d Th f · h · di d 
Shale ........ : ... _ ..... _.................... 2 o measure . _ e ormatiOn ere Is vi ed 

CoaL ........... .- .... _................. 9 about midway by a layer of very resistant 
Shale .................. - .................... 13 3 sandstone (U. S. Geol. Survey fossil locality 

Coal.------······--··------·--··------· 5 5680) that contains fossil palms, Sabal? ungeri 
Sandstone ... · .. ·--·· .. · .. ·· .. ··--------·--· · 6 (Lesquereux) Knowlton, . and other plants. 

~~:~est~~~~~~~::::·:::.::::::-::::::::::::::::: 1! -~ This resistant layer is more or less persistent 
Shale .................... :.................. 3 7 from Maitland northwestward to Strong. The. 

Coal ..................... .' ............ : . 4 
Shale ............. _ .... : ... _. ............ _..... 1 

Coal .. .- ................................ _ 
Shale ....... -............. -................... 14 

Coal ................................. -. . 4 
Shale ...... _ ........................... _ ... _. 

7 basal conglomerate of the Raton formation was. 
0 not observed closely north of Walsenburg but­
; seems to outcrop west of the bluffs formed by 
o this sandstone and may form the highe~t shelf 
8 showri in Plate XVI, B. At Shuniway, a mining 
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town about 6 rniles northwest of walsenburg, 
the bluff oYerlooking the town is composed of 
conglon1eratic sandstone 20 to 30 feet thick. 
It is coarse grained, cross-bedded, and of 
uneYen hardness, and contains irregular masses 
of pebbles that vary from the size of small peas 

folio, the coal-bearing rocks are here very thin 
and the Poison Canyon extends practically to 
Tioga, which is located on the outcrop of the 
coal. 

VERMEJ'O CANYON, N. 'MEX. 

to one-half inch in diameter. It rests uncon- GENERAL FEATURES.· 

f'ornutbly upon carbonaceous shale and forms The coal beds can not be followed at the 
a broad shelf with gentle slope. I:o.asmuch as outcrop around the northern end of the Trini­
this conglonierate rests on the coal-bearing dad field to connect with the beds outcropping 
shales of the Vermejo formation as the basal at the western margin of the field, and in order 
conglon1erate of the Raton formation d.oes to make the most satisfactory correlation 
farther south, it seems to. represent this con- between the beds exposed in the eastern part 
glotnerate. I-Iowever, the lithology is suffi- of the Raton Mesa region with those exposed. 
c.iently different to render this reference in the western part it is necessary to return to 
doubtful. A few feet above the top of the the Raton field, where two drill holes in 
conglornerate was fpl:lld a fossil turtle which Vermejo Canyon help to. bridge the gap. 
0. P. I-Iay identified as ·Baptemys sp., .but the The area lying between the Baldy Mountain 
parts necessary for specific deter~nation are (locality 1, p. 66) and Van Bremmer Park, a. 
wanting. distance of about 15 miles, was not examined 

North of S.hum:way the Raton formation in detail. _No doubt places will be found in 
was not certainly recognized. The Vermejo · this area where the structural relations of the 
formation seems· to continue with little change· sedimentary formations . can be determined, 
in character, but as certain fossil plants appear but the rocks are badly obscured by brush and .. 
to cast doubt on the age of the beds the strati- surface debris, and the time at the writer's 
graphic relations of the northern extremity of disposal was not sufficient for the examination 
the field must remain in doubt. Fossil leaves of this part of the field~ From Van Bremmer 
were observed in several places_ and a few Park. northward to Rita Leandro, a distance of 
(A1·tocarpus similis Knowlton and Sophora about .7 .miles, the basal conglomerate of the 
nervosa Knowlton), which belong in the Raton Raton formation appears at the outcrop, but 
flora were collected near Strong (U. S. Geol. the old~r formations are so poorly exposed that 
Survey iossil locality 5682). The coal-bear.:. no satisfactory ·observations were made on 
ing rocks are overlain by a conglomeratic them. The hogback formed by this conglom­
sandstone, but nothing was found at the erate· from Rita Leandro northward was not 
northern end of the field to prove that this is found in Castle Rock Park or in Van Bremmer 
. the conglomerate at the base of the Raton Park and is not kno~vn to occur farther south. 
formation. In some places it resembles certain · Where it is absent,. the rock debris from the 
parts of the Poison Canyon formation and may mountains which rise abruptly to tJ;le west 
belong to that formation. · About a mile south- obscures the sedimentary rocks along the 
east of Strong the upper part of the coal-bearing outcrop in so many places that it seemed best 
rocks is well exposed in a steep bluff, the cap to resort to Vermejo Canyon (where the 
rock of which is conglomeratic. This rock is intervals between good sections are only a few 
hard, coarse grained and quartzose, and con..: miles) in order to correlate the sections 
tains siliceous pebbles one-half inch or more in measured along the eastern margin of the field 
diameter. In the vicinity of Strong and Tioga with those measured along the western margin. 
the rocks a:re poorly ·exposed, and the stru.c- · As an·introduction to this correlation it may 
turul relations were not satisfactorily deter- be recalled that from Dawson to Van Houten 
n1ined. Apparently . rocks belo:p.ging to the the· Vermejo formation ranges in thickness 
Poison Canyon formation lie upon the Vermejo, from about 125 feet to nothing, and that in 
as was found to be· the case west of La Veta, several places throughout the Raton Mesa 
about 15 miles southwest of Tioga. This region this formation has been found to thicken 
semns to be confirmed by . IIill3, 148, for, toward the west. It is therefore not surprising 
accoi·ding to the mapping in the Walsenburg to find that at the western margin of the field 
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this formation is much thicker than it is along conglQmerate of the Raton (only 155 feet) 
the eastern margin. _ woul~ represent the full thickness of the Ver-

In order to show graphically the structur.al_ mejo formation; whereas, in Vermejo ·Park, 
relations of the Vermejo to th~ Raton forma-·. only 10 miles northwest of the mouth of 
tion, section 4, measured near Van Houten and 
shown graphically in Plate X (p. 108), has been 
repeated. in Plate XVII. From locality 41 to 
Dawson t.he Vermejo formation gradually in­
creases in thickness. Northwest of Dawson it 
is covered with younger rocks, but these have 
been penetrated by diamond drill in two places 
in Vermejo Canyon. In one drill hole, near 
the mouth of Stout·Creek (locality 23a, p. 85), 

· a conglomerate was found overlying coal­
bearing sandstone and shale, and there : ; no 
reasonable ·doubt that. this is the basal con­
glomerate of the Raton formation and that the 
underlying rocks are Vermejo. T4e second 
boring was made about 5 miles farther up · 
Vermejo River. 

SALYERS CREEK. 

LOCALITY 122. 

In Vermejo Canyon, near the mouth of 
Salyers Creek, about 9 miles northwest of. 
Dawson and 5 miles from locality 23a, a thick 

. bed of coal. outcrops in the sides of the can­
yon at a s'tratigraphic horizon slightly above 
locality 122. This is- obviously one of the 

Salyers Creek, the Vermejo is about 375 fe_et 
thick; and near Dawson, about 7 miles in the 
opposite direction, it is about 110 feet thicl~. 
On the assumption that the Vermejo thins· 
uniformly from Vermejo Park to Dawson it 
should be about 100 feet thicker at Salyers 
Creek than is indicated by the drill re.cord, 
according to this .mterpretation. On the other 
hand, the known variations in thickne:;;s of 
this formation weaken this argument and 
render doubtful the correlation made on 
Plate XVII. 

Although the thickness . of the Vermejo 
formation at this locality may be in doubt, the 
fact that it is QOnsiderable is indisputable. 
The conglomerate above it is similar in litho­
logic character and stratigraphic position to 
the basal conglomerate of the Raton formation 
as observed at the outcrops to both the east 
and the west. It is hard and quartzose, and 
contains siliceous pebbles of considerable size. 
Some of these observed in the diamond drill 
core are nearly one-half inch in diameter. The 
drill record is. as follows:. 

upper coals of th~ Raton formation, and is of Record of a diamond-drill boring in Vermejo Canyon at lo-
assistance in correlating the beds described in cality 122, about 9 miles northwest of Dawson, N. Mex. 

[For graphic section see PI. XVII.] the drill record given below with those . 0 b­
served in other parts _of the coal field .. The 
drill was started in the floor of the canyon at 
locality 122 a little below the horizon of this coal 
bed, and bored to a depth of nea~ly 1,000 feet, 
penetrating several beds of coa1 and a conglom­
erate that is obviously the basal conglomerate 
of the Raton formation. Coke and graphite 

·Raton formation: Ft. in. 

.were found near the bottom of the hole, but no 
intrusive rock was encountered. The oc_cur­
rence of coke and graphite reminds one of the 
lowest beds of the Vermejo formation between 
Van· Houten and Cottonwqod Canyon, about 
18 miles farther east, where the coal over a 
large area has been changed .to graphite by· · 
in,trusive igneous rock. A sandstone lying 
below the lowest bed of coke penetrated by=the 
drill (itself penetrated for 15 feet) was thought 
by the engineers in charge of ·the work to be 
the Trinidad, to which it was similar in com-

. position. There seems to . be good reason, 
however, for doubting this interpretation, for 

Surface debris.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Sandstone and shale in alternating layers .... - 27 
Sandstone ....................... · ... : ·. . . . . . 60 
Shale...................................... 16 
Sandstone and shale in alternating layers ... . 33 

Coal, bony ........................... . 
Sandstone..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

CoaL ....................... · ........... . 
Shale ..................................... . 1 
Sandstone and shale in alternating layers .... 336 

Coal, bony ........................... . 
Shale .. · .............................. -. 
CoaL ................... .'............. l 

Sandstone................................... 23 
Shale, sandy .. ~ .......................... ·.. 60 
Sandstone ............................... ·.. 18 

· Sandstone·and shale in alternating layers .... 156 
Sandstone, conglomeratic................... 4 
'Shale ....................................... 12 
Sandstone, conglomeratic............. . . . . . . . . 12 

. CoaL ............ _ ................. :..... 1 
Sandstone, conglomeratic (base of Raton 

formation)............................... 20 

824 
if it is correct, the rocks between it and the Probable unconformity. 

0 
0 
6 
0 
0 
3 
3 
8 
4 
0 
4 
3 
4 
0 
0 
0 
0 
0 
0 
0 
6 

0 

5 
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Vermejo formation: 
Shale ................ ~ .................... ·. 11. 0 

Fossil plants collected near the mouth of York Canyon, in 
Vermejo Valley, .N. :Alex. 

Coal.................................. 1 4 
Shale .... ·.................................. 24 0 

[U.S. Geol. Survey fossillocal~ty 5241.] 

Ficus denveriana Cockerell. Sandstone .................................. 20 · 6 
Ficus pseudopopulus Lesquereux. 
Laurus socialis Lesquereux. · 
Platanus rayuold~ii Newberry. 
Platanus rhomboidea Lesquereux. 

Shale, sanely.............................. 12 
Coal, bony. .. .. .. .. .. .. .. . . . . . . . . . . . .. . 1 

Sandstone, shaly, with thin seams of coal.... 9 
Coal ................................ . 

Shale ......... · ............................ . 7 

0 
0 
0 
6 
6' VEUMEJO PARK. 

Coal,'bony ............ -· ................ . . 8 
4 

Vermejo Park is an opening formed by ·the 
Shale...................................... 1 
Sandstone................................. 30 
Shale ..................................... : 3 

Coal, bony ..................... : ....... . 
Sandstone and shale. . . . . . . . . . . . . . . . . . . . . . . . 9 
"Graphitic material" ..................... . 
Shale ............ ~ ........ : ............... . 
Graphite ................................. . 
Shale, graphitic ............................ . 
Sandstone ................................ . 
Graphite ................................ _.. 
Shale, graphitic .. : ......................... . 

Coal, graphitic ........................ . 
Shale ................................. . 
Coal, coked ....................... : .... . 

2 
1 
4 
1 
9 
1 
2 
2 

0 erosion of a dome, in whose center the rocks 
o had b.een elevated severai hundred feet. above 
8 those at corresponding horizons on. all sides. 
O The surface rock in the center of the park is 
: the Pierre shale, which at locality 122, 10 miles 

0 to the southeast, is more than 1,000 feet below 
o the surface. The park is ~urrounded. by 
o precipitous walls formed by the Trinidad 
O sandstone, the Vermejo form~tion, · and the 
0 base of the Raton formation. The continuity 
0 
0 of this wall is broken in three places-at .the 
o point where Spring Canyon joins the park, at 

the western extremity (where Vermejo River 
enters), and at the southeastern extremity 
(where Verm~do River leaves). At these 
places detai~ed sections were measured. 

154 6 
Sandstone................................. 15+ 

993+ 

Two collections of fossil plants were made in 
the Vermejo Valley between'locality 122 and 
Vennejo Park at horizons estimated to be 
nearly 1,000 feet above the base o(tbe Raton 
fonnation. The larger collection is as follows: 

Fossil plants collected in Vermejo Valley, N. :Alex., near 
Adams's horse ranch, in sec. 36, T. 80 N., R. 19.E. 

[U. S. Goo!. Survoy fossil locality 5826.] 

Amlia? serrata Knowlton. 
Coruus neomexicana Knowlton. 
Ficus denveriana Cockerell. 
Ficus schimperi Lesquereux. 
Magnolia angustuolia Newberry. 
Magnolia le.ei Knowlton. · 
Magnolia magnifolia Knowlton. 
N ectandra lancifolia (Lesq uereux) Berry. 
Platanus aceroicles Goppert. 
Platanus aceroides latifolia Knowlton. 
Platanus guillelmae Goppert. 
Quercus simplex Newberry. 
Saba!? u~geri (Lesquereux) Knowlton. 
Zizyphus fibrillosus (Lesquereux) Le~quereux. 
Zizyphus meigsii (Lesquereux) Berry. · 

A smaller collection was made ·near the 
mouth of York Canyon at a horizon a few feet 
higher than that of the last collection. 

LOCALITY 123. 

Between the mouth of Salyers Creek and 
Vermejo Park ~everal beds of c~al outcrop. · 
These are pelieved to be the coals that outcrop 
above the· "barren series." in the eastern part 
of the Raton field. Near the southeastern 
.extremity of Yermejo Park, at locality 123, 
the rocks dip about 4° E., away from the center 
of the dome; and the Pierre shale, the Trinidad 
sandstone, and the Vermejo formation, which 
are exposed in the park, are covered farther 
east by the younger rocks. The following 
section was measured north of Vermej'o River, 
about half a mile from the point where the 
Trinidad sandstone· crosses the river: 

Section of rocks measured at locality 123, at southeastern 
extremity of Vermejo Park, N. Mex. 

[For graphic section see Pl. XVII.] 

Raton formation: Ft. in. 

Conglomerate (top eroded away);.......... 20± 
Unconformity. === 
Vermejo formation: 

Coal ...... : ..... : . . . . . . . . . . . . . . . . . . . 3 0 
Shale, carbonaceous at top, black............ 3 0 
Sandstone, massive, fine grained, fossil-

iferous, yellow.......................... 10 · 0 
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V ermejo formation-Continued. Ft. in. 

Covered .................................... . 33 0 
Shale, somewhat sandy, drab ............ . 22 0 

Coal ....... : ......................... . 6 0 
Sandstone and shale; not continuously e;!("-

. posed ............. · .............. --- .. · .. 44 0 
Sandstone, I;Uassive, very friable, white .... 24 0 

Coal (streak). 
Shale, drab ................. ~ ........... . 13 0 
Sandstone, coarse grained, massive, yellow 
. to white .. , ................... ·.·.· ..... . 11 0 
Shale, very sandy .... · ................. : .. . 12 0 
Sandstone, massive, coarse grained, fossil-

iferous, yellowish white ................ . 12 0 
Coal ............................... . 10 

Shal~, sandy, with thin sandstone ........ . 41 0 
CoaL ................................. . 3 ·o 

Shale, sandy ....................... ,~ ... . 15 0 
.CoaL .............................. . 3 6 

Shale, sandy, yellow ............ ~ ........ . 17 0 
Coal ..... · .................... .- ..... . . 10 

Shale, drab ............................. ~ .7 0 
CoaL ................................. . 4 

Shale, drab ............................. . 21 0 
Sill of igneous rock, much altered; contains 

coke ............................. -~ ... . 6 0 
Coal, altered to coke at top .......... . 3 4 

Not exposed ...... · ....................... . 19 0 
Coal ............. _ .......... : ...... . 1 6 

San<lstone, shaly, fria.ble ................. · 38 0 

370 4 
Trinidad sandstone........................... 100± 
Pierre shale: 

Transitional zone. . 
Shale, fossiliferous. (6679, 5731, 5730, 5732, 

and 5734) (lower 2,300 feet penetrated 
by drill) ............................... 2, 530+ 

3, 020± 

The Pierre shale., the oldest formation 
exposed at this locality, is known from surface 
measurements and drill records to be at least 
·2,530 feet thick. At the Bartlett ranch, about 

. half a mile northwest· of locality 123, a well 
was started 230 feet or more below the base 
of the Trinidad sandstone, which here .forn1s 
a conspicuous cliff in the wall of the park. 
The upper 700 feet of the boring was done 

. with calix drill, and Inany fossil shells were 
brought out in the core.· One of these, given 
to the wTiter by Norman Bartlett, has been 
identified as Inoceramus vanuxemi Meek and 
Hayden CU. S. Geol. Survey fossil locality 
6679). Below 700 fe·et a. churn drill was used. 
N oth.ing but shale was encountered to a depth 
of 2,300 feet, where work was discontinued. 
This depth, together with the 230 feet of shale 
exposed in the wall of _the park above the top I 
of the well, makes a thickness of at least ·2,530 

feet of shale, probably all belonging to the 
Pierre, for no limestorre that can be referr.ed 
to the· Niobrara or Benton was reported by· 
the driller. A few species of invertebrates 
collected a-t the surface near locality 123 all 
came from the upper pint of the Pierre shale, 
only a few hundred feet below the Trinidad· 
sandstone. They are as follows·: . 

Fossil shells collected in Vermejo Park, N. Mex.,· near top 
of Pierre shale. 

. [U.S. Geol. Survey fossil localities 5i31, 6679, 5730, 5732, 5734.1 

Ancyloceras sp. 
Inoceramus barabini Morton. 
Inoceramus sageneis Owen. 
Inoceramus vanuxeini Meek ~nd Hayden. 
Ma-ctra sp. 
Ostrea patina Meek and Hayden. 
Scaphites nodosus Owen . 

The . Trinidad sandstone is typiGally devel­
oped in this locality and is about 100 feet 
thick. It is separated from the typical Pierre 
shale by a series of thin sandstones separated 
by layers of shale which constitute the transi­
tional .zone that occurs more or, less uniforn1ly 

. throughout the Raton Mesa region. The top 
of the Trinidad sal).dstone is drawn in the 
·section at the top of the massive part, thus 
placing 38 feet o~ shaly sandstone that occurs 
above it in the Vermejo formation. 

The Vermejo. formation is about 375 feet 
thick at th.is locality, and contains at least ten 
beds of coal -varying in thickness from 4 inches 
to 6 feet. The sandstones are coarse and light 
colored, and do not differ notably in general 
appearance from the Trinidad sandstone. · 
They are relatively soft, weather to a granular 
mass, and disintegrate almost as easily as the 
shale that separates them, so that a ·smooth 
slope ·is formed along the outcrop of the 
Vermejo. 

The following-named fossil plants, collected 
at this· locality,· 25 feet below the top of the· 
Vermejo for1nation, are in poor state of .preser­
vation, few good specimens being obtainable . 
However; it is clear that· they belong to the 
Vermejo fl<;>ra. · 

Fossil plants collected 25 feet below the top of the Vermejo 
jormation; about 1 mile east of Bartlett's ranch, in the east 
wall of Vermejo Park, N. lJfex. 

· [U.S~ Geol. Survey fossil locality 5810.] 

Ficus speciosissima Ward. 
Pterospermites undulatus IC.nowlton. 

· Sequoia obovata Knowlton. 
Sabal montana Knowlton. 
Zizyphus paliurifolius Knowlton. 
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The basal conglomerate of the Raton forma­
tion fonns the crest of the ridge that incloses 
the park~ The top of this conglo1nerate is 
eroded away at tllls locality, and only 20 feet 
of it was included in the section. It consists 
of a matrix of coarse-grairied~ cross-bedded, 
tnassive · sandst'oile, in which are · ~mbedded 
pebbles of qu~rtz, chert, and a varie~y of 
igneous and metamorphic rocks. These are 
very irregularly distributed throughout the 
rock mass, but are found in gre·atest abundance 
near the base. They occur most often in 
pockets or irregular Inasses, but in some places 
are somewhat evenly distributed through the 
Inass. The conglomerate rests. ·With obvious 
erosional unconformity on the Vermejo· forma­
tion.· ·At locality 123 it rests on 3 feet of coal, 
but a few.rods farther north it rests on shale, 
no coal being present. No observations were 
n1ade on the Raton beds above the c9nglomer­
ate near tllis locality.. . .. 

LOCALITY 124. 

No sections were measured in the north wall 
of Vern1ejo Park, although the Pierre shale, 
Trinidaq, sandstone, Vermejo for1nat~on, and 
the bas.al conglomerate of the Raton formation 
are well exposed in many places. The Trini­
dad sandstone forms a cliff whi~h is readily 
recognized, and the conglomerate is equally 
conspicuous, for1iring the.· crest· of the ridge 
inclosing the park. Two of the thickest beds 
of coal in·the Vernwjo formation in the north 
wall were 'opened about the yea~ 1894, and 

. Orestes St. Jolm, who reported the r~sults, 
s-tates that 17 openings ·on the highest be.d show 
an average thickness of about 5 feet 8 inches 
of coal, and 10 opmlings on th~· lowest bed 
show an average thickness of more than 5 feet of 
coal. An intern1ediate bed 'Yas prospected in 
tlu-ee places and found to contain coal 3 to 5 
feet thick. 

At the northwestern extremity of Vermejo 
Park, at locality 124, the rocks . dip about 
15° NW.,· away from the center of the dome. 
At -the point where the . Trinidad sandstone 
crosses Spring Canyon a short section was 
Ineasured. The top of the Pierre· shale is 
exposed ·at this locality, but little attention 
was given to it, though a few fossils (Inoceramus 
barabini Morton and Ostrea patina Meek ru~d 
Jlayden) were found in tlie upper ~00 feet 
(U. S. Geol. Survey fossil locality 6514). The 

47019°-17--10 

Trinidad sandstone is typically developed 
and the following· fossils were found in it at 
an old stone quany in the north wall of the. 
canyon: 

Fossils collected from the Trinidad· sandstone in Spring 
Canyon. · 

[U.S. Gcol. Survey fossil locality 5727.] 

Halymenites major Lesquereux. 
Mytilus? sp. 
Inoceram.us sage:nsis Owen? 
Legumen? sp. 
Tellina sp. . 

The Vermejo fonnation is here about 343 
feet thick. The. lower part of it is not well 
exposed, but son1e ·of the details of the upper 
part were obtained. The highest coal has 
heen mined for local consumption for several 
.years from an opening known as the ''Dead. 
Easy mine.'~ Fos~il plants were collected from 
the shale above .this coal bed and from a point· 
about 300 feet farther downstream at ·a slightly 
higher horizon. These plants are c01nbined as 
follows: 

Fossil plants collected at the top of the Vermejo form_ation in 
the south wall of Spring Canyon, in Vermejo Park, 
N.Mex. 

(U.S. Geol. Survey fossil localities 5237, 5240, 5807, and 5808.] 

Ficus praetrinervis Knowlton. 
Ficus speciosissima Ward. 
Phyllites vermejoensis Knowlton. 
Sterculia coriacea Knowlton. 
Taxodium? sp. 

· Viburnum montanum? Knowlton. 
Viburnum rhamnifolium Knowlton. 

Tl;1e ~ection n1easured at this locality is as 
follows: 

Section of rocks measured at locality 124, northwestern ex­
. t'remity of Vermejo Park, N. lJfex., in south wall of 

Spring Canyon. · 

(For graphic, section see PI. XV~I.J 

Raton formation: 
Ft. in. 

Sandstone, conglomeratic at base ....... ~ ... 100± 
Unconformity. · 
Vermejo formation: 

Shale, carbonaceous .... _ .... __ . . . . . . . . . . . . . 1 0 · 
Sandstone, fossiliferous (5808) ... _. _......... 22 0 
Shale, fossiliferous (5807) ..... _. _ ... _........ 4 .0 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 
Shale ............. ·- .......... ·. , ... __ ... · · 2 0 
Coal................................... . 6 

Not exposed .. __ ....... _.................... 5 0 
Shale, sandy.~_ .... _ .................. _. . . . 5 0 
Sandstone, coarse grained ....... _ ....... __ .. 10 0 

Coal .......... : ................. _ .. _ . . . 1 6 
Shale, sandy ... -·- ................ ~ ... _ .. _.. 12 0 
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Vermejo formation-Continued. Ft. 
Sandstone, soft, friable .. _. ___ . ________ .. __ .. 16 
Shale, carbonaceous ___________ . __ ..... __ . . 4 

in. cally developed. At the top of the Trinidad, 
~ about half a mile southwest of Vermejo (U. S.' 

.o Geol. Survey fossil locality 6517), Stanton Sandstone, soft, jriable. ___________ ~ ____ . __ .. 7 
Shale. _____ .. __ .. __________ · ____ .____________ 11 o found Tellina scitula Meek and Hayden and 

o Mactra sp. · . Sandstone .. ____ ~ __ ... ______ · _______ _.________ 8 
Shale._ .... ~. ________ .· ________ .

0
• ___ : ••• __ •• 27 

Sandstone. _____________________ . ________ ~__ 7 
0 The lower part of the Vermejo formation is 
0 ~est exposed in the south wall of the canyon 

0 and the upper part in the north wall. For this 
Sandstone and shale, coal bearing, not con-

tinuously exposed_._...... . . . . . . . . . . . . . . . 195 
reason· the upper 105 feet of the forma.tion, as 

Trinidad sandstone: 343 
"Sandstone, fossiliferous (5727) ..... : .. _·. _ ... _· ioo ± 

Pierre shale: 
Transitional zone. 
Shale (6514). 

543± 

5 represented in the followill.g section, was meas­
ured north of the river opposite loc·ality 125. 
In both places the top of the formation was ~c­
curately detern1ined and the total thickness 
measured. In the south. wall· this thickness· 

The basal conglomerate- of the Raton.fornla­
tion is 100 feet or n1ore. in· thickness at ·locality 
124 and is unusually massive and coarse at the 
base, where it consists of little else than siliceous 
pebbles 1 to 2'inches in diameter. The rocks of 
the Raton formation. above the conglomerate 
are poorly exposed in Spring Canyon, and no 
attempt was made to examine them in detail. 
However, a ·small collection of fossils belonging 
to the Raton flora was made at a ho.rizon esti~ 
mated to be 500 feet stratigraphically above 
the conglomerate (U. S. Geol. Survey fossil lo­
cality 5236) .. These are identified as Ficus 
pseudopopulus Lesquereux, Juglans rham'­
noides Lesquereu4, Palmoc;arpon palmarum 
(Lesquereux)' Knowlton, and Rhamnus cleburni 
Lesquereux. . · . 

Along the outcrop of the coal beds between 
Spring Canyon and Vern1ejo River the coals 
were opened, about 1894, in· six places.' The 
higher coal averages 6 feet '6 ,inches in thick­
ness, and the lower 4 feet· 7! _ inches. The · 
rocks of the Ver1nejo do not seem to be well 
exposed in the ~outh wall of the park, and no 
attempt was made to examine . them. How­
ever, the co~ls .are .Imown to occur in the south 
wall, the highest· one reported to be 'about .4 
feet and the lowest about 3 feet 6 inches 
thick. The basal conglomerate of the Raton 
is conspicuous at the crest of the ridge. 

LOCALITY 125. 

On·Vermejo River,. at the western extremity 
of Vermejo Pa:r:k, a section was measurec;l in 
the south wall· of the canyon at locality 125, 
about 2 miles south of locality 124 and 4 miles 
west of locality 123. The. Pierre shale is .ex­
posed in the valley to the east and the Trinidad 
sandstone, which dips 6° vv.; is characte'risti-

was n1easured as 255 feet, an~ in the north wall 
as 2(~)0 feet; the thickness ·of th~ individual beds, 
as determined in the two places, sums up about 
267 feet.. It is clear, therefore, that the accu­
rate thickness of the Vermejo at this locality is 
not far fron1 260 feet as compared with 343 feet 
for this formation·2 miles·to the north and 374 
feet at locality i23, 4 miles to the ·east. The 
section follows: · 

·Section of rocks measured in Vermejo Canyon, at· locality 
125, abo_ut 2 miles westoj Vermejo post office, N. Mex: 

[For i?raphic section sao Pl. XVII.] 

Ra~on formation: . · Ft.. in. 
Conglomerate ... _._._._ ..... ___ .. __ ... ___ . ·100± 

Unconformity.· 
Vermejo formation: · 

Sandstone, shaly, yellow~_ .. _.-" __ .. _._ ... _. 11 0 
Shale, black~ ..... _ : _____ . -.... ___ . _____ .. _ 1 0 

CoaL . _ ...... ____ .. __________ . ·- __ .. __ . 1 2 

Shale, · carbonaceous, black, with several 
seams of coal near the base_ .. __ . __ ... _ . _ . 24 0 

Sandstone, thin bedded, yellow ___ . __ ... _ . 6 0 
·Shale, carbonaceous, very black; with thin 

seams of coaL . ·- ...... ______ .. -. ___ .. _ : . _ . 23 0 
Coal (streak). 

Shale. _________ . ____________ ... __ . __ ._ .. __ ._. 3 0 
Coal, impure .. ____ . __ ... ___ . __ ._._. __ . 2 0 

Shale, drab._ .... _ .. ____ . __ .. :._. __ ... ____ ~ 6 0 
Sandstone, massive, friable, yellow_._. ____ _ 28 0 
Shale, drab .. ___ ._._ .. _. __ .... _ ..... -.. __ .. _ 10 0 
Sandstone, soft, friable, massive, gray to 

yellow, fossiliferous (5809) __ . _ ... _ ... : __ _ !H 0 
Coal. ___________ . J ____ • _ ••••.••• ______ _ 6 

Shale, sandy_ ........ _ . __ ....... · ..... _____ . 36 0 
Sandstone, massive, gray to yellow ______ ._ .. 11 0 
Sandstone and drab shale.~_._. __ ~ __ .. ___ .. 47 0 
Not exposed .......... _ . __ ... ~ ______ ... _ . _ 37· 0 

267 8 
Trinidad sandstone ............. ~" ..... " . . . . . . . . 100 ± 
Pierre shaJ e: 

Transitional zone. · 
Shale. 

467± 



U.S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 101 PLATE XVIII 

A. IRREGULARLY SHAPED MASSES OF COAL 

B. ROUNDED PEBBLE OF COAL (c ) SURROUNDED BY PEBBLES OF SILICEOUS ROCK (P) . 

0. PEBBLES OF COAL (b, c) EMBEDDED IN CONGLOMERATIC SANDSTONE (a). 

COAL IN THE BASAL CONGLOMERATE OF THE RATON FORMATION, VERMEJO 
CANYON, N . MEX . 



U.S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 101 PLATE XIX 

A . NORTH WALL OF TERCIO PARK, CORNELL, COLO. 

Showing structura l relations. 

B. HOGBACK IN VERMEJO GAP, N. MEX. 

Showing the basa l co ngl omerate of the Raton formati on , over lyin g the Vermejo coa l meas ures . 
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Fossil plants were found in the south wall o[ · complete success, because of the difficulty in 
the canyon nt about the middle of the Verniejo getting good illumin~tion. (See Pl. XVIII.) 
and were identified as follows: · In reaching the conclusions stated below sev- · 
.Ji'os;;_l lewves collected near the ntiddle of the Vermejo forma-. eral facts regarding these pebbles of coal have 

tion, in tlte S01tth '!.Vall of Vermejo Canyon. been cons.idel~ed. First, except in a few places. 
[U. S. Gool. Survoy fossil locality 5-809.] 

Celastrus? sp •. 

wh~!e the thin edges feather out, the coal- is 
pure, clean, ·and bright, with vitreous luster. 
In other words, it is .a genuine coal and con­
trasts sharply with the masses of carbonaceous 
shale and fr~gments of carbonized wood that 
are contained in the conglomerate together 

' with the coal. Second, some of the smaller 
pebbles of coal are well ro1,1.nded, with relatively· 
smooth surface. Third, with few exceptions 
the large and more irregl.!larly shaped bodies 
are convex upward. (See· Pl. XVIII, A.) 
Fourth, in addition to the coal, there are nu­
merous fragments -of charcoal or carbonized 
wood such as are found in many places in the 
Raton field near the base of this conglomerate. 
These might sometimes be mistaken for c.oal, 
but dn Close examination they prove to be soft, 
lusterless, and wanting in the structui·e and 
cleavage which characterizes the coal. 

Colutea speciosa Knowlton. 
Diospyros'? leei Knowlton. 
Phyllites nanus Knowlton. 
Phyllites sapindus Knowlton. 
Phyllites ro.saefolius ~(nowlton. 
Salix sp. a. 

The basal conglomerate of the Raton forma­
tion is well exposed near this locality, but the 
rocks above it are obscured by brush and slide 
rock. They are coal bearing, but the strati­
<:rraphic positions of the coal beds were not 
b . . • 
determined. The conglomerate IS massive, 
quartzose, and cross-bedded. In a small gulch 
that enters Vermejo River from the north, 
nem· this locality, fragments of coal, first de­
scribed by Van Diest, 118 occur embedded in the. 
conglomerate. rhey are best seen in the ea~t 
wall of this gulch, w]:~.ere the conglomerate IS 

well exposed and consists of a matrix of coarse­
gi·ained cross-bedded sandstone, in which are 
embedded pebbles of quartz, chert, and a vari­
ety of igneous and metan1orphic. rocks. In 
some ·places these pebbles are distributed more 
or less regularly through the sandstone, and 
in other places form la.rge irregular n1asses of 
"pudding stone. " In and near these masses 
of conglomerate are irregular bodies of shale 
and coal; most of them are only a few inches 
in diameter, though _the coal fragmellts range 
in size frmn sn1all grains to 1nasses. 4 feet 
long and 6 inches thick. Son1e of ·the smnller. 
fragments of coal are -rounded, others are 
irregularly lenticular, and some fea~her· out 
to streaks that ai·e little more than carbona­
ceous stains in the conglmneratic sandstone. 
Some of this coal is inclosed in the hard quartz­
ose conglmnerate, there hei.ng no shale or car­
bonaceous material between the vitreous coal 
and the siliceous pebbles.· None of the lun1p~ 
of coal could be extracted intact £rmn the con­
glomerate, and an attempt to break off frag­
ments of the rock containing thCin resulted in 
the crumbling and loss of the coal. Nor was 
the attempt to photograph them in place a 

The possibility that the coal was formed 
from vegetable matter buried with the con- · 
glomerate and later transformed into coal was 
carefully considered both at the time o£ the 
field investigation and later. If the coa:l were 
formed from. fragments of wood buried in the 
cOJlglomerate it is difficult to understan_d \vhy 
some of these fragments turned to coal and 
others to charcoal. Furthermore, if ·these 
boc1ies represent vegetable matter huried with 
the conglomerate the overlying cm~glomerate 
should. tend to sag, for coh.l occupies less space 
than the wood from which it was formed. On 
the contrary, howeve~, in nearly all of the bodies 
examined the top of the coal was more· or less 
arched ·(see Pl. XVIII, A), and no evid~nce. of 
crushing was found. 

The general confused appearance of the con­
glomerate, with its inclusions ·of shale, coal, and 
charcoal, suggests the caving of a bank undor­
cut by a stream, and it see1ns probable that the 
stream which deposited the conglomerate had 
eroded laterally· in the coal-bearing shales of 
the Vermejo formation at this locality, and 
that the caving bank supplied the irregular. 
masses of coal and shale which were bvried by 
the grayels practically where they fell. The 
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small, well-rounded pebbles of coal·may have 
been· transported by the· stream for some dis­

. tance and worn round. 

GONZALES CANYON, N.MEX. 

Between Vermejo Park and the hogback, 
about .6 miles to the west, where the rocks are 
upturned at the foothills, ·coal-be~ring rocks of 
the Raton formation occupy the trough of the 
syncline. In Gonzales Canyon three beds of 
coal were opened many" years ago. From such 
records as a:re now available, the lowest seems 
.to range in thickness from 2 to 18 inches, the 
middle one fr~m 2 ~o 12 inches, and' the highest 
from 3 to 23 inches. No information was ob­
tain~d by which these beds can be correlated 
with those of the eastern: part of the field, but 
comparison with. known sections· in various 
parts of the region indicates that they corre­
spond to similar thin beds observed elsewhere 
near the base of the Raton formation. Also, 
the degree of dip from either side :toward the 

. trough of the syncline, considered in connec­
tion with the character of the rocks, inclines 
the writer to the opinion that these coal beds 
are tb,e lowest of the Raton coals. 
· -The rocks contain fossil plants· in great abun­

dance, but no collections were made in this part 
of the field. · 

. HOGBACK AREA. 

GENERAL FEATURES. 

At the northwes~ern extremity of the Raton 
coal field, west of the syncline just described, 
the coal measures, together with the underlying 
rocks, -are upturned in the foothills of the Sangre 
de Cristo Mountains and dip 10° to 30° E. 
I-Iere, as in Vermejo Park, the basal conglom­
erate of the Raton formation forms the crest of 
the inost. prominent ·ridge. Tills is separated 
from the mountain front bv a broad structural 
valley eroded in ·the weak ~hales of Pierre. and 
Benton age. In the western part of t!ris valley, 
&bout 12 miles northwest of Vermejo (U. S. 
Geol. Survey fossil locality 6515) Stanton found. 
Inoceramus labiatus Schlotheim in· ·a limestone 
at the horizon of the Greenhorn limestone. At 
the same locality, but stratigraphically 150 to 
200 feet ~gher (U. S. Geol. Survey fossil local~ 
ity 6516), he found the upper Benton forms 
Ostrea lugubris Conrad, lnoceram·us fragilis Meek 
and IIayden ~' and PrionocycZ.us wyomingensis 
Meek. 

"fhe Trinidad sandstone, which forms such a 
conspicuous shelf along the easter~ ·lnargin of 
the Raton :Mesa region, is present ·and has essen­
tially the same. thickness and character, but 
here it assumes a subordinate role in shaping 
the topography, the. controlling stratum being· 
the massive resistant conglomerate which seems 
to be several hundred feet thick. The struc­
tural relations of the formations are well shown 
in the gap occupied by Vermejo River. In 
this. gap the Pierre shale, V ermej o formation, 
and the basal conglomerate of the Raton forma­
tion are well exposed and dip about 12° E: The 
general aspect ·of the rocks and a cross section 
of the ·hogback are shown in Plate XIX, B. 
The crest and eastern slope of the ridge are 
formed by the conglomerate, from which the 
weaker rocks lying stratigraphically higher have 
been eroded. The underlying Vermejo forn1s a 
characteristic relatively smooth slope, on which 
boulders of conglomerate lodge and, as in many , 
other places along the· hogback, render exanli­
nation difficult~ However~ the underlying rocks 
are exposed about a· quarter of a mile farther 
north, where the details in the diagrammatic 
section were obtained. 

The basal conglomerate of the Raton forma­
tion in the gap was examined· with consid- .. 
erable care, and an effort .was made to find 
as great a variety as possible of the pebbles 
composing it in the hope that these would 
give a clue to the regio:p. whence the material 
was. derived and would give some indication of 
the length of time represented by the uncon­
formity between the Vermejo and the Raton 
formations. The massive part of the conglom­
erate which forms the crest of the hogback is 
about 60 feet thick, but a considerable though. 
undetermined thickness has been removed by 
erosion. What remains is very massive and 
resistant. Blocks 10 or 15 feet in diameter, 
consisting chiefly of well-rounded pebbles of 
siliceovs rocks, are numerous along the slope. 
Pebbles up to 2 inch.es in diameter are common, 
and son1e about 4 inches in diameter w~re 
found. 

A considerable variety of rock is represented 
by the pebbles. Some are of relatively soft 
sandstone that resembles the sandstones of the 
Vermejo and Trinidad formations. Smue are 
of ferruginous sandstone similar to the so-called 
ironstones common in the Vermejo. · Others 
were derived frmn son1e coarse-grained, qua.rtz- . 
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ose sn..ndstone or frmn a quartzose conglmnenite 
sin1ilar to the conglmneratic sandstone of the 
Purgatoire fornuttion, w~ch Iio:w outcrops in a 
prmninent hogback west of the coal field, strati­
graphically n1ore than 3,000 feet below the con­
glmnerate. There are pebbles of red sandstone 
1 to 3 inches in cliameter, which could come 
only frotu the red beds now exposed in the foot­
hills to the west, 4,000 feet or more strati­
graphically below the. basal conglomerate of the 
Raton. There are pebbles of quartz, quartz­
ite, chert, and other 1ne~an1orphic rocks,. with 
which ·are included. a few: small pebbles of' a 
red 1naterial resen1bling j itsper. :Many of the 
cherts beo.r impressions of crinoid stems and 
son1e :in1pressions of small shells that .could not 
be. generically detern~ned. A few pebbles of 
granite and several of fine-grained ign~ous r?ck 
supposed to be derived from dikes were found. 
SeYeral pebbles of feldspar, some of them nearly 
an :inch in cliitnleter, were fourl.d so ~vell pre­
serYed that their cleavage faces could be deter­
nl.i.ned. I:Iowever, the feldspar seems to be 
most abundant :in the matrix: in which the larger 
pebbles are embedde.d and is mostly decom­
posed. Soft kaolin, which apparently resulted 
frmn· the decomposi~ion of pebbles of feldspar, 
was found in son1e places.· 
· Many foss:illeayes were seen in the rocks of 
the Raton formation east of Vern1ejo Gap, but 
no~1e of then1 was collected except Platanus 
gnillelmae Goppert, which :wns found in ~1. sandy 
layer in the midst ·of the conglomerate (U. S. 
Geol. Survey fossi.llocali.ty 5239). 

RITO LEANDUO. 

Section of rocks m.easured at locality 126, at tlw western nwrgin 
of the Raton coal field, south of Rito Leandro. 

[For graphic sc::tion, sec PI. XVH, p. 142.] 

Raton formation: Feet. 

Conglomerate ....... , ......... ·.............. 75+ 
U nconforrnity. 
Vermejo formation: 

· Shale, sandstone, and coal, not well exposed. . 2GO 
Trinidad sandstone ......................... ~. 100± 

Pierre shale: 
Transitional zone. 
Shale. 

435± 

In the-western slope of the.hogback, south of 
Rito Leandro, three of the thickest beds of coal 
in the Vermejo formation have been opened. 
No measuren1ent of the lowest could be ob­
tained, but the middle coal is 5 feet thick and 
the highest is 8 feet 6 inches thick. Still far­
ther south the surface at the outcrop of the 
Vermejo is badly covered with. brush, ancJ no 
details of the rocks were obtained. The hog­
back form_ed by the· basal conglomerate of the 
Raton formation is traceable for _several miles, 
but it seems to disappear farther south and 
was not recognized as a separate topographic 
featille west of Castle Rock Park. 

LOCALITY 127. 

About half a nllle north of Vermejo Gap the 
rocks are well exposed in a shallow ravine at· 
locality 127, about 1! miles north of locality 
126. The typical Pierre·shale is exposed at the 
foot of_the slope but was not examined. The 
zone, of sandy ttansitional beds between the 
Pierre and the Trinidad sandstone was present,. 
and the thickness of the sandstone \Vas esti-

LOCALITY.l~s. mated at 100 feet. 
The southernn1ost. point a.t which a section The Vermejo forr11ation. is here about 272 

wo.s measured on the hogback is at locality 126, feet thick as compared with 260 feet 1! n1iles 
north of Rito Leandro. This Jocality is about farther south and 374 feet at locality i23, 6 
6 1ni.les west of the point where the Spring miles to the southeast. It cor~:sists of coal, 
Canyon section was measured. The rocks are shale, and coarse-grained, friable, 'light-colored 
poorly exposed here, and the prinCipal obj~ct sandstone, similar to that found in 1nany places 
in measuring the section was to obtain the in this formation throughout the Raton Mesa 
thickness of the V er1nej o formation and to as- region. · Nine beds of coal r~nge. in thickness 
certain its relations to the· Trinidad sandstone from a few inches to 5 feet 6 inches. Three of· 
and to the Raton formation. It consists of them were opened seYeral years ago in a num_.. 
shale, coal, and relatiYely soft sandstone, which ber of places between this locality and Vermejo 
do not seen1 to differ in character fronl· those Gap. · The record of ·these openings show that 
of the better-exposed sectio·ns farther north. the coal in the· lowest bed ranges in thick­
The section follows: · ness fron1 1 foot 6 inches to 2 feot; that the 
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middle bed averages about 2 feet 6 inches; and 
· that· the highest. ranges from 3 feet 6 ~nches 
to 6 feet 5 inches. The highest sandstone in 
the Vermejo formation at this locality contains 
fossil plants, but no identifiable forms were 
collected. -

The basal conglomerate of the Raton forma­
tion at this locality is the same as that at Ver­
mejo ·Gap. (See PL XIX, B.) The section 
follows:· 

Section of rocks meas~red at locality 127, in the westernface of 
the hogback half a mile north of Vermejo Gap. 

[For graphic section see PI. XVII, p .. 142.] 

Raton formation: 
Conglomerate, top eroded. away (5239).·.· ..... 

Ft. in. 

60+ 
Unconformity. === 
Vermejo formation: 

Sandstone, fossiliferous, ................ · ... . 
Shale, yellow ........... · ........... ~ ..... . 
Shale, carbonaceous ................. : . .. : .. 

·Coal~ ......................... : ....... . 

8 
3 
2 

5 
Shale, covered, yellow ............ -.-.... ·..... 45 
Sandstone, coarse grained, massive, gray..... 16 
Shale ..................................... :. 13 

Coal, impure ......................... . 
Shale and sandstone ....................... . 

1 
8 

Sandstone, friable, white............. . . . . . . . 1 i 
Shale, carbonaceous ..................... ·.·._ 4 

Coal. ................................. . 
Shale, carbonaceo1,1.s near the top............. 17 
Shale, carbonaceous ........................ ~ 3 

Coal. ......................... ·.-...... -
Shale ....................... -.............. . 

Coal. ................................ . 
Sll.ale ....................... · .............. . 

Coal ........ · ................. .- ....... . 

1 
9 
1 
'5 

Shale, sandy ...................... : . . . . ... . . , Q 
Sandstone, coarse grained, shaly near the 

top, white ........... ~.................. 32 
Shale, carbonaceous near top ............. ,. 4 

Coal .. · .... · .................. _ ......... . 
Shale, containing ironstone concretions...... 23 
Sandstone, bro.wn. . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale, yellow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Sandstone, friable, white.............. . . . . . . 3 

Coal. .................... ·.............. 2 
Shale, sandy......... . . . . . . . . . . . . . . . . . . . . . . 8 
Shale, carbonaceous...... . . . . . . . . . . . . . . . . . . 2 
Shale, sandy, brown....................... 23 

Coal. ................................. · 1 
Shale, carbonaceous.......... . . . . . . . . . . . . ... 2 

0 
0 
0 
6 
0 
0 
o· 
0 
0 
0 

0 
6 
0 
0 
6 
0 
0 
0 
6 
0 

0 
o· 
6 
0 
8 
0 
0 
2 
0 
0 
0 
0 
0 

272 4 
Trinidad sandstone .. · ...... · ................. 100± 

Pierre shale: 
Transitional zone. 
Shale 

432± 

LOCALITY_ 128. 

A well-exposed section was measured in the 
west slope of the hogback at locality 128, about 
a mile north of the ·se~tion at locality 127, to 
which it is very, sin1ilar. The Vermejo fonna­
tion, however, is soniewhat thicker and con-

. tains fourteen instead of nine beds of coal 4 

inches or 1nore 'in thickness. The section. fol­
lows: 

Section of rocks meCNJured in the hogback at locality 128, · 
about 1! miles ry,orth of Vermejo Gap. 

[For graphic section see PI. XVII, p. 142.) 
c 

Raton formation: Ft. in. 
Conglomerate with pebbles· up to 5 inches 

in diameter (top eroded away)............ 75+ 
Unconformity. 
Vermejo formation: 

Shale, not well exposed........... .. . . .. . . . . 18 
· Coal ................................. . 

Shale.................................. 2 
Coal ................ ·.................• 3 

Shale ...................................... - 30 
Coal.................................. 2 

Shale ...................... :............... 4 
- . 

Sandstone, white ........... · .............. . 
Shale, sandy .............................. . 

'18 
8 

Sandstone, white............................ 15 
Shale...................................... 18 

Coal ........................... ~- .... ~ . 1 
Shale...................................... 15 

Coal ........... ~ ...................... . 
Shale ............................ .- ........ . 4 

Coal .......................... : .... ·... 1 
Shale, sandy ......................... ·. . . . . . 18 

Coal ................................. . 
Shale ............................... _....... 17 
Sandstone, friable, white, irregular bedding · 20 

Coal .. ~............................... 1 

Shal~~:~~~~ ~ ._ ._. _· _·, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -~ ~ ~ ~ ~ ~ ~ ~ ~ : : : ~ ~ ~ ~ 
Shale .. ~ ........ : . : . . . . . . . . . . . . . . . . . . . . . . . . 15 
Sandstone ..... ' ........................... . 
Shale, with thin beds of sandstone ......... .. 
Sandstone, friable, white ................... . 
Shale .................. _ ................... ·. 

Coal .. :.-............................. . 
Shale .... · ................................. ·. 

, Coal_ ................................. . 
Shale and sandstone ....................... . 

Coal.: ............................... . 
· Shale and sandstone ....................... . 

10 
6 

18 
4 
1 
4 
2 
7 
1 
5 

0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o· 
(j 

~ 
0 
2 
0 
6 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
2 
0 
4 
0 
6 

.() 

Coal ................................. . 
Shale ................. _ ................. _ ... . 

Coal ................. , .. -............. . 

1 10 
4 0 
1 8 

Shale with bands of ironstone ............... . 12 0 

300 6 
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Ft. ino ,were found. This fauna is sparingly repre-
~r~~;!~~:l~dstone ...••. ·--------·--·--·--·-·-------- 75 sented in the Trinidad sandstone, and the 

'l'ransitional zone. 
Shale. 

SAN FRANCIS<;lO PASS. 

LOCALITY 129. 

450+ 

For a considerable distance north of locality 
128 the Verm.ejo fonnation is Iiot well exposed, 
but n.t locality 129, about quarter of a n1ile · 
south of the Colorado:..N ew Mexico line t4e 
following .section of the lower part .9f the V er-· 
mejo, of the Trinidad ·sandstone, and of· the 
basnl- conglmnerate of the Raton forn1atim\ 
was 1neasurecl: 

. Section of rocks nwasured in the hogback at locality 129, ~me­
fourth 1nile so1tth: of the Colorarjo-Nf}'U/ :Mexico boundary. 

shells, in the opinion. of T. W. Stanton who 
identified them, indicate that this 6-foot bed 
belongs to the Trinidad. On. the other hand 
fossil plants that ·obviously belong to the Ver~ 
n1ejo flora occur in the same rock with the 
shells. 

Fossils found between undoubted Trinidad sandstone and the 
·. Vermejo formation, .at locality 129. 

Invertebrates (U.S. Geol. Survey fossil locality 5728): 
. ~ellina scitula Meek and Hayden. · 

Panopaea? sp. . 
Several small undetermined shells. 

Plants (U.S. Geol. Survey fossil localities 580G and 5238).: 
.· Hedera rotundifolia Knowlton . 
· Phyllites nanus Knowlton. 

[For gro.phicsoction soc Pl. xvn; p. 142.] The association here of Trinidad and V er-
Haton formation: . . ·. mejo fossils is in harmony with. the facts 

• .Cot~glomerate a~d coarse-graine4 sandstone, ah·eady described (p: 49) an. d indicates th. ·at 
containing pebbies of many kinds of rock 
including.well-roundedpebblesof coalfrom . there is no sharp distinction between the two 
the size of small peas up to one-haH inch Ft. in. formations. They represent practl.cally con­
in diameter.-·--··--··--·------- .. - .. - .. - 157 0 tinuous deposition, the Trinidad represeritin. g 

Unconformity. =· ·=· == 
Vermejo formation: the last stages of marin~ deposition and the 

Sandstone and sandy shale not ·co~.tinuously Vermej o the accumulation of material. on low~ 

e~g~:~~- ~ ~ ~: ._: ~::::: ~:::: ~:::: ~::::::::: 28~. o lying fl'ats lately occupied by. ·the sea. · · 
o Only two beds of coal wer_e fo. u. n_.ci, probably 

Shale, drab,. and ·sandy shale1 not continu-
ously exposed .......•............ __ .. _ ... 20 0 ·because of imperfect· exposures,. for from the 

Coal. ...................... ._.......... 1 8 records of old prospec~s· it appears that three 
Shale, carbonaceous ........... ·.............. :fo 0 coal beds have been opened in several- places 
Sand'Stonp, shaly to massive, fossiliferous 

0 
near by. Between locality 128 (to the south) 

(5806 and 5238) ......................... ·.. 6 d · · 
Shale, sandy ........ ,...................... 5 0 an a point a mile or more north_o~ locality 129, 
Sandstone, shaly~----:..................... .5 o the lowest bed prospected ranges in thickness 

-
33

-
5 

-
8 

from 1 foot 6 inches to 6 feet, the middle bed 

75 ± from 1 foot to 4 feet) and the highest fro·m 2 feet Trinidad sandstone ............................ . 
Pierre shale: · 

Transitional zone. 
Shale. 

567± 

The Pierre shale is expos.ed at the base of 
the slope, and the massiv'e part of the over­
lying Trinid.ad sandstone was found to be 
npproxiniately 75 feet thick. . There is some 
doubt where the line separating the Trinidad 
sandstone from the Vermejo formation should 
be drawn. In ~eighbori~g localities where coal 
and carbonaceous shale occur close to the 
undou~ted Trinidad there is no such difficulty. 
But at this locality ~he lowest coal lies 26 feet 
n.bove the massive part of the Trinidad sand­
stone and is separated fron1 it by shaly sand­
stone in which, in a 6-fopt sandstone 10 
feet above the massive part of the Trinidad; 
shells belonging to the marine Cretaceous fauira 

to 6 feet in thicknef3s. ' 
The b.~al conglmnerate of the· Raton for­

mation forms a prmpinent cliff at this locality. 
It rests with uneven base ori ~he underlying 
rocks and is obviously unconformable with ' 
them. It does not· differ greatly in characte~ 
from the conglon1erate described at the locali­
ties farther south along the hogback, except 
that. it is not' quite so coarse. ·Probably its 
most significant feature, showing its relation 
to the underlying Vermejo, is its content of 

·small pebbles of coal. Several of these were 
well rounded like pebbles of other kinds of rock 
in the same bed. 

LOCALITY 130. · 

North of the Colorado State line the slopes 
are forested, and good exposures of the rocks 
are rare. · The eastward dip of the rocks grad-
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ually decreases toward the north, and the bas~l 
conglon1erate of the Raton formation does not 
form the crest of a ridge, for the overly:itng 
rocks .are not eroded away as they' are farther 
south. Nevertheless the slope which to -the 
south· forms the western face of -the hogback 
continues and the Vern1ejo forn1ation outcrops 
in it, as do also both the underlying and the 
overlying rocks. A fairly well exposed section 
was found in a gulch about 1~ .miles north of 
the State line at locality 130, 2 miles north of. 
locality 129., , 

The top of the Pierre shale and the Trinidad 
_sandstone are exposed, and the thickness-of the 
Trinidad ·estimated at 100 feet. The Vermejo 
dips 25° E. and is exposed along. the winding 
course of the gulch. ·It appears to be some­
what thicker ·than it is farther south. Four· 
beds of coal were. found in it, but doubtless 
there are other coais in the wide interyals. of 
poorly exposed rock. The principal coal_beds 
of the Vermejo have been· opened along the 
outcrop in this vicinity, blit few of the old 
pl'ospects were accessible at tlie time of investi-. 
gation and the number and character of the 
coals are best indicated in the vicinity of the· 
Tercio mines,. about 6 miles farther east. .·. 

The basal conglomerate of the ~~ton forma­
tion is not so coarse at locality 130' as it is far­
ther south, hut otherwise it does not differ in 
any notable way. It is coarse~t at the base, 
where it contains pebbles irregularly distrib­
uted through ·a matrix of coarse-grajne_d arkose 

· sandstone. Above this basal part lies 200 feet 
of more. or less ·conglomeratic sandstorie or grit, 
overlain by a considerable,' though unmeasured, 
thickness of grits ·and coarse-grained sand-
stones. The section follows·: · 

Section of rocks measured at locality 130, about 4 miles 
southwest of Torre~, Colo. 

(For graphic section see Pl. XVII, p. 142.] 

Raton formation: Ft. in 

Conglomerate ...... ~ .. · .. ~. . . . . . . . . . . . . . . . . 200 0 
Unconformity. -· =· == 
Vermejo formation: 

Shale .........•.•. ·.--· ............ ~.: ........ ·. 3 0. 

Vermejo form~tion...:.Continued. 
Shale, sandy, not continuously exposed. _ . _ . 

Coal ....... · .......... ______ . _____ .. ___ _ 
Shale, sandy ............. -.- .. _ .. __ ...... __ . 

Coal .......... _ ..... ~ ... _____ ... _ .. ___ . 
Sandstone and shale, not continuously ex-

Ft. in. 
32 0 
1 0 

10 0 
2+ 

posed .................... _ .. :_._ .. ___ ._._ 74 0 
0 
0 
0 

Shale .... _ .................... -.. ______ .-.-_. 2 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 5 

Covered at base, shale at top .. _ ...... __ .. _ . G 

316+ 
Trinidad sandstone ............................ _ too± 
Pierre shale: 

Transitional zone. 
Shale. 

616± 

Fror;n this locality northward to Torres, a dis­
tance of about 4 miles, the formations described 
in the last section continue without notable 
change, but 'were not exaJ;Ilined in detail. West 
of Torres, in the canyon of South Fork of Pur­
gatoire River, a section was measured (seep. 41) 
which included the rocks from the ancient crys­
tallines of the mountains to those of the Cre­
taceous. 

TERCIO PARK. 

GENERAL FEATURES. 

Tercio Park is an opening similar to Vermejo 
Park, except that it is not entirely inclosed by 
the coal measures. It was formed by the 
erosion of the younger :r:ocks from the crest of 
a dome and by the exposure of the easily eroded 
Pierre shale in the center. The crest of the in­
closingridge consists of coarse-grained conglom­
eratic sandstone of the Raton, in which occur a 
few layers of sandy shale. The pebbles are 
largest and most numerous near the base, where 
in some places they occur in pockets and lentic­
ular masses and in other places are somewhat 
generally disseminated through a considerable 
thickness of sandstone. The higher par.ts are 
less conglomeratic, but pebb~es are comn1on 
through. a-- thickness of nearly 300 feet. The 
usual range of pebbles of igneous and meta­
morphic rocks is present and includes several of 
special significance. One pebble is of petrified 
wood; which was obviously silicified before the 
time of erosion during which the pebble was Sandstone .....•• : •.•.............. --~...... 7 0 

Coal. · ... · ... ~ ..•............. _ ~ _ ~ : ·. _ . _ . 3 . 4 formed. It may have come from the Vermejo 
Shale, drab ............ - ..... --.-- ....... _._. 15 : 0 formation or from the Dakota sandstone, both 
Sandstone, massive, hard, coarse grained, of which contain petrified wood. Several peb-

white.--.--. ··--- ....... -- .. - ... -.-.---.-. 22 0 bles consist .of gray quartzitic sandstone and 
Sandstone, thin bedded, yellow ..... -. --. -·- - 12 00 conglomerate, apparently derived from sand-
3andstone, friable ...... - ... - ... - ... - - - - - - - 7 · f p · h · 
Shale and- friable sandstone, not w~ll ex- stone o the urgatoire formation, wluc. IS 

posed.-....... _._ .. · .. _ .. ___ . ____________ ~ 115 o now upturned in a prominent hogback to the 
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west. One pebble (found at Tercio) consists of 
a horn coro.l such as have been found in the 
litnestmies of the Carboniferous in the moun­
tf1ins to the west. :Many of the chert pebbles 
contain impressions of crinoid stems and of 
undetei·mined species of shells. Appu.rently 
these cherts nlso came from the Q;:trbonifero'us 
beds, for no limestone that could furnish then1 
is known to occur in the overlytng red beds. 
One pebble was 'yorn from a crystal of feldspar 
at least an inch in diameter. The slightly de­
composed condition of tbis and other feldspar 
pebbles seems oo indicate that they w~re d~­
rived directly from the crystalline rocks to the 
west. · 

CUATRO. 

LOCALITY 130. 

No details were obtained along the outcrop 
between locality 130 and Cuatro, 4 miles dis­
tant. At Cuatro the dip is opposite that. at 
locality 130 · and 'the syncline thus formed 
plunges southward. The coals in the lower par~ 
of the Vermejo formation have been _mined at 
Cuatro. The following succession of beds js 
described by Ricl}.ardson: 225 

Section of rocks measured at Cuatro, Colo. 
Shale. . Ft. in. 

Coal ..................................... . 2 8. 

Shale ......................................... . 4 0 
Coal ..................................... . 2 0 

Shale .. ·····:··.· .............................. . 15 0 
Coal ..................................... . 3 7 

Shale ......................................... . 7 0 
Sandstone .................................... . 18 0 
Shale ......................................... ·. 27 0 

Coal ............................... · ...... . 4 5 
Shale ........... · ........................ · ...... . 2 10 
Sandstone (Trinidad). 

. 86 6 
A fe\V fossil plants belonging to the Vermejo 

flora were found in the lower 50 .feet of the 
coal-bearing .rocks (U. S. Geol. Survey fossil 
locality 5805). They were Ficus praetrinervis 
Knowlton, Pteris?_ sp., Sequoia obovata Knowl­
ton, and a· curious seedling that has not been 
named. 

LOCALITY 131. 

At locality 131, 1~ n1iles south of Tercio and 
about 6 miles east of locality J30, on the eastern 
limb of the so-called Tercio anticline, the strata 
dip about 40° E. The thicknesses of the Trini­
dad sandstone and of the conglomerate at the 
base of the Raton fonnation were estimated at 
this locality, but the thickness of the Vermejo 
formation was measured, and was found to be 

about 245 :feet (about 71 feet less than at loct!l­
ity 130). Six beds of coal varying in ~hickness 
from 1 to 8 feet were found, and others doubt­
less occur in the unexposed intervals near the 
base, for in the Tercio section beds of coal of 
considerable tbickness occur at horizons that 
fall within these une.xposed intervals. The· 
sP-ction follows: 

Section of rocks measurei a~ locality .191, at an ahandoned 
mine a:bout 1t miles south of Tercio,· Colo. 

(For graphicsectio.n see PI. XVII, p. 142.] 

Raton.formation: Ft. in. 
Conglomerate ......•.............•.......... 100+ 

Unconformity. 
V ermejo formation: 

Covered ................ ~ ................ . 37 0 
Coal .. ~ .............. · ................ . 2 . 6 

Shale ........... _ .......... _ ..... _ ......... . 5 0 
Coal ....... ~ .................. · ........ . 8· 0 

Shale ........................ -............... . 7 0 
Coal ................................... . 4 6 

Shale ............ : ....................... _. 26 0 
Sanelstone, friable, coarse grained, 'vhite .... . 
Coke ..... · ...... .-.......................... . 

10 0 
1 0 

Basalt ............ · ........... : .. · ......... . 5 0 
Shale, sandy ... · ............................ . 22 0 
Sandstone, friable, coarse grained, white .... . 5 0 
Shale, sandy, with thin seams of coal at top .. 9 0 
Sandstone, friable, white ...... : . ......... . 6- 0 
Covered .......... · .................... , .... . 26 0 
Sandstone, ;riable, white ...... · .. :·:.·::~ .... . 
Shale ..... -•..................... :·· ........ ·.· 

15 0 
1 0 

Coal ... _ ............................. . 2 9 
· Shale ...................................... . ;4 0 

Covered ...... : ........... : .................. · 40 0 
Coal .................. ~ ................ . 3 1 

Shale, drab .. ~ ............................ . 5 0 

244 10 
Trinidad sandstone.. . . . . . . . . . . . . . . . . . . . . . . . 100 ± 
Pierre shale: 

Transitional zorie. 
Shale. 

TERCIO. 

LOCALITY 132. 

. 444± 

At Tercio; It n1iles north of locality 13·1, the 
South Fork of Purgatoire River has erod~d a 
narrow canyon through the upturned sedimen.:. 
. tary rocks and has exposed the formations ·from . 
the Pierre shale to the Poison Canyon beds: 
The beds are· tilted steeply toward the east and 
strike N. 21° W. The dip of the rocks repre-o 
sented_by the· lower part of the section is 55°, 
but farther downstream, where the upp_er part 
of the section was. measured, the dip is ·only 
10°. A favorable opportunity, was afforded 
here for measuring a section. . The Raton 
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formation is thicker than' it is at many of the. 
localities where sections were measured, prob­

. ably becil.use it was ero<;led less deeply before 
the deposition of the Poison Canyon formation. 
Inasmuch as the section is the most complete 
. one measured in the western part of the Raton 
Mesa region, care was taken to extend it to in-

. elude the base of the Poison Canyon formation. 
The ~ifficulty _met witli elsewhere in distin­
guishing between the Raton and Poison Canyon 
formations 'Yas fo_und here. The line of sepa­
ration in the following section is drawn at the 
base of the higher co'nglomerates. The lower 
part of the .section, sho:w_ing the rel~tions of· 
the· V ermejo formation to that of neighboring 
localities_, has been ·plotted in Plate XVII 
(p. 142), and the complete. section 1n Plate 
XV (p. 1~2). 

Section of rocks measured at locality 132, on South Fork of 
Purgatoire River, Tercio, Colo._ 

(For graphic section see Pis. XV, p. 132, and XVII> p. 142.) 

Poison Canyon formation: 
Sandstone, coarse grained, conglomeratic, Ft. in. 

yellowish white ................ · ......... . 97 0 
Covered .................. ·- .....••........ 52 0 
Conglomerate ...................... ; ..... . 6 0 
Sandstone, rather ·coarse grained, but thin 

bedded .... : . ......................... . 42 0 
Sandstone, conglomeratic, quartz pebbles 

up to three-fourths inch in diame.ter ..... . 6 0 

203 0 
Raton formation: 

Sandstone, thin bedded, yellow ........ ~ ; .. . 14 0 
Covered ............................ ·. _ .. : . 21 0 
Sandstone, thin bedded, yellow ........... ·. 15 0 
Covered ........................... ~ ..... ~ . 36 0 
Sandstone, massive, yellow ...... · .......... _ 26. 0 
Covered ................ · ..... : ............ . 52 0 
Sandstone, coarse grained, cliff . making, 

yellow .......... ~ .................... __ 43 0 
Cov!O)red ................... : ............. . 29 ·o 
Sandstone, massive, shaly at baS•:!, yellow ... . 31 0 
Covered ................................. . 24 0 
Shale, drab ....... : ....................... . 6 0 

Coal. · .............. _ ... ~ .... __ ... ____ . 2+ 
Sandstone, thin bedded, yellow .... ~ .. ~ .... . 21 0 
. Covered ................................. . 42 0. 
Sandsto~e, massive, yellowjsh red ......... . 10 0 
Covered .................................. ·. 33 0 

Coal ...... · ......................... _ .. . 2 6 
Shale, sandy, ye_llow ..................... . i) 0 
Sandstone, massive, yellow .............. ~ .. 6 0 

Coal .............................. _ .. . 3- 0 
Shale ................................. _ ... . 4 0 
Sandstone, massive, yello~ ................ . 7 0 
Shale .... · ....... · ........................ . 2 0 

Coal (streak). 
Sandstone, massive ..... : ..... : .. ·.· ....... . 14 0 

Raton formation-Contiimed. Ft. 
Shale .................................. · .. 3 

Coal ............ ~ ......... _ .......... . 2 
Shale ............................. : . . 
Coal ; .... · ............... _ ......... _ .. . ] 

Shale ............................... . l 
Coal ......... _._ .......... _ .. _ .. _._ .. . 

Shale, drab ................................ . 3 
Sandstone, thin bedded, yellow, and 

sandy shale ... · ............ , ............. . 6 
Sandstone,· coarse grained, weathers to 

yellowish red ....... ~ ................... . 6 
Shale and shaly sandstone ................. . 100± 

. Sandstone, massive, fossiliferous, /·yellow­
ish white. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

Covered ...................... , . . . . . . . . . . . 56 
Sandstone, !llassive, coarse grained, yellow 9 

Coal ................................ . 1 
Shale, carbonaceous, black .......... . 
Coal ..... · .. ~ ............... : ....... . 
Shale, carbonaceous, black .......... . 
Coal ........................ :....... 2 

Shale, sandy; yellow...................... 21 
. Covered ........................... _...... 123 

Sandstone, massive,·· white............... 26 
Shale, drab.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Coal. .... · .......... : ................ 2 
Shale, drab ...................... ~....... 3 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Sandstone, shaly, yellow ....... , ....... _ . . 9 
Sandston~,. hard, massive, white, fossil-

iferous (5802) .... _ .... _: .............. . 
Covered ............. _ .... __ ._ .... __ .... ~ 
Sandstone, hard, massive, yellow to gray .. 
Shale at base, covered above ....... _ .... . 

·Sandstone, fine grained, hard, massive, 
yellow to gray, fossiliferous (5803) _. _ ... 

Shale, sandy, yellow ... ·.- .............. _ .. 
Coal ........................... _ ... . 

Shale, drab, sandy .................. _ .... . 
Sandstone, hard, massive, white ......... . 
Covered ........................ _ ...... _ .. . 
SandBtone, thin bedded, gray to yellow, 

fossilif-erous ............................ . 
Covered ............................... . 
Conglomerate; a very coarse grained saO:d­

stone, hard and white, with numerous 
shale partings; contains many pockets of 

26 
Ill 
35 
53 

58 
3 
2 
8 

31 
39 

26 
78 

pebbles up to 2 inches in diameter...... 292 

1,656 
Unconformity. 
V ermejo formation: 

Sandstone, thin bedded, yellow at top, 
covered below. . . . . . . . . . . . . . . . . . . . . . . . . 25 

Shale, carbonaceous, black ...... : .... _.... 13 
Coal with 2-inch parting of bone ..... _ 3 

· Covered ............................ _ . . . . . 32 
Coal ....... · ........................ ·. 5 

Shale, drab ........................... :.. 4 
Coal ................. ·............... I 

Sandstone, thin bedded,. and gray sandy 
shale ........ · ......................... ~ . 48 

Coal ..... ,.......................... 2 

in. 
0 
6 
6 
0 
0 
:8 
0 

0 

0 

0 
0 
0 
0· 
8 
8 
4 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

.o 
0 
0 

0 
0 

0 

4 

0 
0 
5 
0 
0 
0 
0 

0 
0 
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Vermcjo forma.tion-Continuecl. Ft. .in. 
Shale, sandy ........................... . 3 0 

Coal ............................... . 4 
Shale, sandy ................ 0 

•••••••••••• 3 0 
Coa.l .............................. ·. · 4 

Shale, sandy ........................... . 15 0 
Coa.l, thickness not determined. 

Sandstone, soft, friable, wl{ite ... ·' ...... . 22 ·o 
Shale, sandy ............. · .............. . 24 0 

· CoalJ with three partings of shale and 
bone .............................. . 7 0 

Sliale ................................. : ·,· 22 0 
Coal, thin. ----

Trinidad sandstone .......................... . 
Piprre shale: 

Transitional zone. 
Shale. 

230 1 
100± 

2,189;1:-

The exact line of separ~tion between the 
Trinidad sandstone and the Vermejo forn1ation 
could not be detern1ined where the section was 
Jneasured, but the maxin1un1 possible error is 
only a few .feet. The details of the Vermejo 
were obtained in a railway cu~ in ·the south 
wall of the canyon, in which an interval of 25 
feet appears between the highest qarbonaceous 
shale and the botton1 of the basal conglo1nerate 
of the Raton for1nation. The rocks .at the 
base of this interval were not seen, .but near 
the t~p they consist of thi~-bedded. sandstone, 
upon which the conglmnerate rests with uneven 
base. Obviously, at this place the iine of sepa­
ration b~tween the Vermejo and the Raton 
should be drawn at the top of this sandstone. 
On the other hand, in the north wall of the 
canyon, the highest coal has been opened in a 
mine and is separated fron1 the overlying con­
glmnerate by only a few feet of shale. This 
coal is clearly the 3-foot 5-inch c.oal bed 'of the 
foregoing section, and the carbonaceous shale. 
is apparently the same as the . shale shown 
in the section above this coal; but the 25-
foot sandstone found at the "top of the Ver­
nlejo jn the south wall does not occur in the 
north wall, ·where the conglomerate lies uncon­
fornlably ·upon the shale. The irregularity ~t 
the top of the Vennejo thus indicated semns to 
harmonize with the variation in thickness noted 
elsewhere. 1t is 316 feet thick at locality 130, 
and thins to 244 feet at locality 131 and to 
about 230 fe·et at Tercio (or to 205 feet if the 
top of the Vm~1nejo formation is drawn at the 
top of the 13-foot shale in the north wall of the I 
canyon). · 

The Vermejo formation at this locality 
yielded. a few· poorly preserved fossil leav~s of 
_the species Myrica torreyi Lesquereux, Phyllites 
z)opuloides . Knowlton, and Sequoia obovata? 
I(nowlton (U. S. GeoL S1,1rvey fossil locality 
5804). Some of them were found about· mid­
way of the formation in the south wall of the 
canyon and others were 'found on the n1ine 
dun1p ·in rock that· came .from the opening on 
the· highest coal bed. north of the canyon. 

The basal conglomerate of the Raton forma­
tion is very pro~inent around Tercio Park, . 
attaining a thickness of 292 feet at Tercio. II?- · 
the eastern part of the field, about 30 miles 
distant, this great '"thickness seems to be repre­
s'ented in some places by only a few feet of 
rock and in other places not at all. 

The section resembles smnewhat closely those 
n1e~sured in other parts of the coal field. The 
rocks above the basal conglomerate con~ist of 
fine-grained sandstones separated by shale . 
overlain by a zone of poorly exposed, shaly, 
coal-bearing rocks above which there is a con:.. 
siderable thickness of cliff-making s~ndstone 
con1parable with the ·"barren series" of the 
eastern portions of the field, and a still higher 
zone of shale and relatively soft sandstone in 
which occur several· beds of coal that corre­
spond in a gener3J way with the upper coals 
in other parts of the Raton Mesa region. .In 
other words, if the basal conglomerate be dis­
regarded the character~ succession, and thick­
ness of the Raton beds correspond somewhat 
closely with those found throughout the Raton 
Mesa region. . . 

Fossil plants belonging to the R~ton _flora 
were. found at the several horizons indicated in 
the section but were not found sufficiently well 
preserved to yield large collections. 
Fossil plants collected about 200 feet above the basal con­

glomerate of the Raton fornwtion, near Tercio, Colo. 
[U. S. Goo!. Survey fossillocal~ty 5803.) 

Dryoptel'is? cladophleboidcs Knowlton. 
Magnolia angustifolia Newberry. 
Magnolia magqifolia Knowlton. 
Oreodoritcs plicatus Lesqucreux. 

Foss1~l JJlants collected about 400 feet above the basal cO?i­
gl()rnerate of thfi Ratonforrnation, near Tercio, Colo. 

(U. S. Geol. Survey fossil locality 5802.) 

J uglans rugosa Lesquereux. 
Platanus accroidcs latifolia Knowlton. 

· Platanus guillelmae Gopp13rt. 
Platanus guillelmae heerii Knowlton. 
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CORNELL. 

LOCALITY 133. 

· From Tercio northwestward to Cornell, a dis­
·tance of about 2~ miles, the formations appear 
to be relatively regular in thickness and charac­
ter,.but tP,e Vermejo is.not well exposed.· How­
ever, near Cornell a g9od exposure was found 
at locality 133, where a section was measured. 
The strata dip 5° NE. (strike N. 60° W.) and 

. outcrop in the steep wall of Tercio Park. The 
general aspect of the rocks and· a cross section 
are shown in Plate .XIX, B (p. 147). The view 
i"s northward,· nearly at right angles to· the 
strike, for which reason the strata in the section_ 
appear to be nearly horizontal. The Pierre 
shale is well exposed in the lower. part of 
the slope, and the Trinidad sandstone is typi­
cally developed. · Its thickness was estimated 
at 100 feet. The secton fo~low-s: 

Section of rocks measured at locality 133 at Cornell, Colo. 

[For graphic section see PI. XVII, p. 142.] 

Richardson 225 publishes a section measured 
near the Cornell mine and states that the inter­
val between the top of the Trinidad sandstone 
and the base of the conglomerate is about 200 
feet. His measurement ·seems to represent the 
vertical distance, as it is nearly the same as 
the vertical distance· obtained by the writer's 
assistant, who measur~d. the section. How­
ever, when this :vertical distance is corrected 
for the dip·and strike of the rocks, the slope of 
-the hill, and the direction in which the measure­
ments were m_ade, the base of the conglomerate 
is found to be stratigraphically nearly 400 feet 
above the Trinidad. 

Eight beds of coal, ranging from 1 foot to 5 
feet in thickness, were found in the Vermejo 
formation near Cornell. _These are separated 
into an upper group and a lower group by 
coarse-grained sandstones in which are thin 
layers of shale. These sandstones seem to be 
somewhat local in occurrence for nothing very 
closely resembling them was found _at Tercio. 

Raton formation: Ft. in. The lower coal group (see Pl. XVII, p. 142) 
Conglomerate ..•.....• · ..............•..... 100± is probably to be correlated with the-Vermejo 

Unconformity. coals at Tercio; but the upper group may not 
Vermejo formation: . be represented at Tercio at all, the uncon-

S_andstone, thin bedded, yellow. • · · · · .•• -. · 27 0 formable relation between the Vermejo and 

, Shal~~~~b----.~~~~~~~~~:~~~:~:::~:~:~:~:~~~- ! ~ Raton formations suggesting· that it 1nay have 
Sandstone, massive, yellow, fossiliferous ...... 11 0 .been eroded away previous to the deposition 

Cqal. ................. ~ ........... - ... · 2 o of the Raton formation. 
Shale ...• , .................. · ............... . 

Coal. .. ·: ..................... _ ......... . 
7 
1 

Shale, sandy, drab ....... ~~................ .12 

Coal .. ~---···························· 3 
Shale, carbonaceous; black. ~ ..... ~ ...... ·. ~ · 5 
Sandstone, coarse grained, soft, friable, · 

white, wit:Q. ·partings of sandy shale .... ~. 173 
Shale .... .- ...•....... · ..... _._ ............. : .. 'I 

Coal .......... · ....................... . 5 
Shale ...•.. ·~··· ....................... _. 1 
Sandstone .. ~ .•.... · .... · .................... . 52 

Uoal .................................. . 1 
Shale, drab ................................ . 2 
Sandstone, soft, friable, yellowish white. ~ ..• 36. 

Coal ....... _ ........................... . 5 
Shale, drab ........ · . .- ...... · ................. . 37 

Coal .............. · ................ : ... _. l 
Shale, carbonac~ous, ·.blac~ .... · ........... . 7 

0 About. 100 feet of the co'nglomer~te was 
~ measured-, but ·some unknown thickness of it 

0 has been eroded away at this locality. It does 
o not differ :materially in character from the con­

glomera-te described at Tercio and other places 
along .the western outcrop of the Raton Mesa 
region. The younger beds of the Raton forma­
tion outcrop immediately east of this locality, 
but no observations were n1ade on them. 

0 
0 
0 

·0 
·o 

6 
0 
0 
0 
0 
0 
0 

STONEWALL AREA. 

For the purposes of this paper the Stonewall 
area includes the localities described between 
Tercio Park and Spanish Peaks. The name is 

--- . derived from the ridge formed by the Dakota 
l='aric\stone, which is upturned to a nearly ver­
tical position and which, together with the 
underlying sandstone of Comanche ~ge (Pur­
gatoire forn1ation), fonns a wall-like crest. 
(See Pl. XX.) East of _this ridge throughout. 

398 . 6 
'l'rinidad, sandstone .... · .· .... · . . . . . . . . . . . . . ... . ... . 100± 
Pierre shal-e: 

Transitional zone. 
Shale. 

598± 
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THE STONEWALL ON PURGATOIRE RIVER LOOKING SOUTH. 

The valley to the right of the ridge is eroded in the soft shale of the Morrison formation and that to 
the left in the soft marine Cretaceous shale. T he hills in the distance mark the western margin 
of the coal measures. 
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the area a broad structural valley has been 
worn in the soft Cretaceous shales, east of 
which the basal conglOinera.te of the Raton 
fonnation rises in a pr01ninent hogback. 

NOU.'.l'H Ol!.., COU.NELL. 

LOCALITY 134. 

Three 1niles north of Cornell, at locality 134, 
an attempt wa·s 1nade to measure the thickness 
of the Vennejo fonnation. Tb.e rocks near the 
base are not well exposed, but a coal bed, sup­
posed to be the lowest in this formation, was 
found. Above this bed the rocks are poorly ex­
posed and the base of the conglomerate could not 
be definitely located. IIowever, the top of this 
<;onglm:uerate was plainly discernible beneath 
a considerable thickness of the yellowish sand­
stone characteristic of the Raton formaLion, 
nnd it .seen1ed desirable to fi-x: its position by 
Jl1()n.suri11g ·the section. 

.Section of rocks nwasured at locality 132, in hogback, about 2 
miles south of Stonewall, Colo. · 

· [For graphic section soo Pl. XVII, p. 142.) 

Ft. in . 
.Sandstone, gray to yellow, thin bedded, fossil-

iferous ....................... · ....•...... .'. 87 
<Jpnglomerate at top, covered below; largest 

pebbles 3 inches in diameter .............. ·. 715 
.Sandstone, friable .............. -.............. · 8 

Coal.: .............. ·...............•..•. 3. 

0 

0 
0 
0 

,Shale, sandy ........................•.......... 
Coal, base not exposed .. · ....••.... · ....... . 

2 
1+ 

814 2+ 
STONEWALL GAP. 

LOCALITY 135. 

. . At locality 135, about 2 ~iles north of locality 
134, the Middle Fork of Purgatoire River has 
-eroded a pass~ge lmown as Stonewall Gap 
through the hogback formed ·by the basal con­
-glomerate of the Raton formation_. · The Trini­
·dad sandstone was recognized in this gap, bv.t 
it is not well exposed. The Vermej 9 formation 
is so ·badly obscured with brush and rock debris 
that no attempt was made to examine it in detail, 
though its upper and lower limits were .found 
.and its thickness determined as· about 318 feet. 
'The basal conglomerate of the Raton formation 
makes a prominent ridge. The conglomerate 
is very coarse and massive near the base but 
·contains shaly sandstone at several horizons. 
It d<;>es not differ :roo.te~·ially in character from 
the conglomerate 8.$ described from other locali­
ties· along the western margin of the coal fields. 
The section is. as follows: · 

Section of rocks measured at locality 135, on .Middle Fork of 
Pu~gatoire River at Stonewall, Colo. 

[For graphic section see PI. XVII, p: 142.) 

Raton formation: Feet. 

Conglomerate, with beds of shaly thin-bedded 
fossiliferous sandstone; pebbles up to 2 inches 
in diameter. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275+ · 

Unconformity. 
Vermejo formation: . 

Covered, coal near base ....................... · 318 
Trinidad sandstone ............................... 100 

693+ 

A few fossil plants were collect~d fro~ the 
upper part. of the Raton formation east ·of 
Ston<:)wall (U. S. Geol. Survey· fossil localities 
5106 and 5114). Richardson's party found 
]Jtfagnolia magnifolia Knowlton, Magnolia Zes­
leyana Lesquereux, and Sabal? ungeri (Lesque-
_reux) Knowlton .. 

Farther east, in Wet Canyon, about 4 miles 
north of Weston, the present writer collected 
the following species near the top of the Raton 
formation at two horizons, ·so and 100 feet re­
spectively below a conglonieratio sandstone that 
seems to be the base .of the Poison Canyon for­
ntatio.,n. However, fossil plants above this 
conglomerate could ;not be distinguished in the 
field'from those below. They are ·as follows: 

Fossil plants collected near the top ·of the Raton formation 
.about 4 miles north of Weston, Colo. 

[U. S. Geol. S~oy fossil localities 5799 and 5825.] 

Artocarpus similis Knowlton. 
J uglans nigella Hee~. · 
Juglans rugosa Lesquereux . 
Lamus utahensis Lesquereux. 
Magnolia angustifolia Newberry. 
Magnolia lesleyana Lesquereux. 
Magnolia magnifolia Knowlton . 

. Magnolia regalis? Heer. 
N ectandra lancifolia (Lesquereux) Berry. 
Rha~nus clebmni Lesquereux. 

NORTH FORK OF PURGATOIRE RIVER. 

LOCALITY 136. 

From Stonewall Gap northward to North 
Fork of Purgatoire River the formations were 
seen at their outcrop only from a distance. 
However: they appear to continue without 
notable variatiQn. At locality 136; about half 
a mile north of North Fork, a section of tlie 
rocks- including the Trinidad s·andstone~ the 
Vern1ejo for:n;tation, and some of the Raton. 
f'()rmatiorr was measured as follows. Coal 'vas 
found near the base and doubtless occurs in. 
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other beds, but poor exposures prevented. them 
fron1 being definitely .located. . 

Section of rocks measured at locality 136 on North Fork 'of 
. Purgatoir(} River, about 5 miles north of Stonewall, Colo.· 

[For graphic section see Pl. XVII,· p. 142.] 

Raton formation: 
Sandstone, white, coarse grained. ___ . __ ...•. 
Sandstone, yellow, thin bedded ... _ . _ • _____ _ 
Conglomerate ___ .. ______________________ · __ 

Sandstone, gray, shaly, fossiliferous ... _ .... 
Conglomerate __ ............... __ .. ___ ...•. 
Sanciston_e, yellowish,· fine grained ...... __ _ 
Conglomerate, pebbles up to 2 inches in di-
~eter _____ . _ . ______________ . ______ ~ •••• 

Unconformity. 
Vermejo formation: 

Covered ................ __ . ______________ _ 
Sandstone, yellow"to gray, massive, fossilifer-

ous, with partings of shaly sandstone._ ..... 
Covered __ . ______________________________ _ 

Sandstone, yellow, shaly, concretionary ____ _ 
Shale and sandstone, not continuously ex-

posed, coal near the top, fossiliferous .. ___ _ 
Shale and thin-bedded yellow sandstone __ .. 
Shale, black to brownish red ___ . __ . ___ . : __ . 

Coal.----- ...................... · ..... . 
Shale ____________ ; _ .. __________ : ______ : 
Coal .. ____________________ : __________ _ 

Shale, drab._._. __ ..... ________ . _________ ._ 

Trinidad sandstone, containing Halymenites ma-
jor Lesquereux .........•....... _ ..• -·- . _ .... 

Pierre shale: 
Transitional zone. 

Ft. in. 

50 0 
86 0 
55 0 
12 0 
67' 0 
27 0 

165 0 

462 0 

52 0 

·36 0 
62 0 
5 0 

130 0 
43 0 
5 0 

8 
8 

7 ·0 
4 0 

345 4 

60 0. 

Shale. = 
867 4 

No 'fossii plants were collected from the 
Vermejo at this locality, although their. pres­
ence was noted at several horizons. But 
Ficus leei Knowlton and Sabal montana Knowl­
ton were found in the roof of an old prospect 
entry (U. S. Geol. Survey fossil locality 5800) 
in a coal bed about the middle of the Vermejo 

·most of which belong to the Raton flora, from 
slide rock about 2 miles south of Dean· (U. S. 
Geol. Survey fossil locality 5113) .. They are 
Oinnamomum mississippiensis? Lesquereu.x, 
Ficus praetrinervis Knowlton, Palmocarpon 
palmarum Lesquereu.-x;, and Rhamnus cleburni 
Lesquereux. Still farther north for about 7 
miles west 9f Spanish Peaks the Vermej9 and 
associated formations were not seen. The 
sedimentary formations have doubtless been 
'disturbed by intrusions of igneous rock and the 
surface is covered· with rock debris from the 
Spanish Peaks and is more or less forested. 

·LA VETA DISTRICT. 

GENERAL FEATURES. 

The sedimentary rocks north of Spanish. 
Peaks near the western outcrop of the coal 
beds are isolated from those of all other parts 
of the· field. -~xcept at the northern end of' 

>-
0: 
<( 

- F 
0: w 
1-

en 
::> 

8 
<..) 

1:41 
Ft. in. 

140 

139 
Ft 

. Ft. 
Poison Canyon 

formation 

~ 30(?) 

5~~~~~~~~-----+.·-~"*-~· ___ fu_r_m_ati_·o_n--4 
:.:.::::·:-:::::: - . ::;·~~·(·::::_: 

\(::}\100% 

-~andstone LEGEND -Conglomeratic 
sandstone 

~ 
Coal 

FIGURE 9.-Columnar SC(!tions measured in the La Veta district, Colo_ 

formation, south of North Fork. -Good speci- the district, where a J;Uinor fold is developed 1 

·mens of Magnolia magnifolia Knowlton were they are upturned here as they are south of 
found' in slide rock (U. S. GeoL Survey fossil Spanish ·Peaks, and in general they dip north­
locality 5801) th~t evidently came from the east. Apparently the coals were once con­
Raton formation north of the river. -tinuous with those just described farther-

. The Vermejo formation and the basal con- south, but their continuity was broken by the­
glome'rate· of the Raton were observed for ~ ·igneous intrusions of ·the Spanish Peaks .. 
considerable distance along the outcrop north of Also there is no teason to doubt that the coals. 
North Fork, but no further details were are the same as those mined in the vicinity of 
obtained by the writer south of Spanish Peaks. Walsenburg and that they extend eastward· 
However, Richardson225 shows that the coal beds under cover of the younger rocks and !eappear· 
are traceable for about 7 miles north of locality at the eastern margin of the Trinidad :field. 
136. His party collected· several fossil plants, The Pierre shale and the Trinidad sandston& 
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occur in this ·district in· characteristic develop­
ment, and although there· is little doubt that 
the coal beds belong to the V ermej o fo'rma­
tion, some doubt exists as . to the relation· 
of these rocks to those overlying them. It is 
difficult in some places to distinguish between 
the Vermejo ·and the Raton where the two 
fonnations occur together, an~ possibly both_ 
will yet he found in this district, though no 
convincing evidence of the presence of the 
Haton has been obtained. The Poison Canyon 
formation seems to rest unconformably on the 
Vermejo. (See fig. 9.) 

CUCH.AUA HIVEH. 

LOCALITY 137. 

On South Fork of Cuchara Hiver (locality 
137), about 7 miles southwest c{La Veta, at the 
point where the outcrop. of the the coal beds 
crosses the river, . the sedimentary rocks dip 
43° E. The Trinidad sandstone was recog­
nized and its thiclmess estimated to be about 
100 feet. '1\vo beds of coal observed above 
this sandstone obviously belong in the Vermejo 
fo:nuation, but their stratigraphic positions· 
within this .formation could not be definitely 
determined, though they are believed to be the 
same as the coals farther north that occur 
about 30 feet and so. feet, 1:espectively, above 
the Trinidad. 

Conglomeratic sandstone_ occurs a. few feet 
stratigraphically above the higher coal, but it 
does not resemble the basal conglomei·ate of the 
Haton formation as developed to the south 
beyond Spanish Peak--s or to the east near 
Walsenburg. It is lithologically similar to the 
typical beds of the Poison Canyon form~tion 
near La Veta and seems to be their ,westw:arcl 
extension. 

LOCALITY 138. 

plants. of lficus praetrinervis. Knqwlton were 
found. The base of the conglomeratic sand­
stone described on the Cuchara farther south 
iies ab<;>ut 15 feet stra~igraphi9ally above 
this coal heel and seems to be traceable con­
tinuously eastward to the ·undoubted Poison 
Canyon beds in the vicinity of La Veta. 

LOCALITY 139. 

The J?-ext point toward the north at which 
the rocks wete exa~uined in detail is on the 
North F~n·k of the Cuchara, .about 4 miles north 
of locality 138 and 6 miles northwest of La Veta. 
The rocks have been.folded, and a small body 
of the coal measures has been preserved from 
erosion in an unsymmetrical syncline lying 
west of the main n1ass of the formation.. The 
coal beds described on South and Middle forks 
of the Cuchara were traced northward to North 
Fork, and about a nlile south of the river one 
of these beds (but which one was not deter­
nlined) contains 4 feet 8 inches of coal sepa­
rated i~1to two benches by _a shale parting, 2250 

but north of the North Fork of the Cuchara 
very little coal has been found at the western 
outcrop of the main body of the coal n1easures, 
although careful search has been made for it 
by. the minirig company operating. in this dis­
trict. Several old prospect openings were ex­
amined, but in only one, just north of the river 
at locality 139, was coal found. In this one an 
entry has been driven about 50 feet on the coal 
bed,. which varies in thickness fron1 an inch or 
less to about 1 foot. A co~rse-grained, white, 
congl01neratic sandstone rests with uneven base 
upon the coal. About 300 feet of this con­
gloinei~ate is exposed in the hillside in1n1ediately 
above the coal bed, and in the walls of North 
Fork of Cuchara Hiver an enormous thickness 
of it is visible. This same conglomeratic sand­
stone obviously con.tinues uninterruptedly east-

Au unsuccessful atten1pt was made to ward to La Veta and is a part of the Poison 
Ineasm·e a section of the rocks ·exposed on. Canyon fornlation. Apparently, then, in this . 
Middle Fork of Cuchara River, about 4 n1iles prospect entry the Poison Canyon formation 
north of locality 137. The Trinidad ~andstone may be seen resting on the Vern1ejo. The co·al 
was recognized, and two coal beds (probably bed is the lowest one found in the coal-bearing 
the same as those noted on the· South Fork) rocks and is supposed to be the coal that is 
were found, but the rocks in which they occur worked in Oakdale mine, about a mile to the 
are not well exposed and-could not be completely northwest.. The typical Pierre shale occurs at 
m.casured. · this locality, and. also the ·Trinidad sandstone 

In the rock above the upper coal bed (U. S. with its characteristic Ffalymenites roojor Les­
Gcol. Survey fossil locality _.5675) a few fossil quereu,x .. 
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LOCALITY 140. LOCALITY 141. 

At the Oakdale mine, about a mile north- South arid west of the Oakdale mine the coal 
west of locality 139, coal is- nlined from a bed -~beds were observed at the outcrop at short in:­
which, according to the mine superintendent, . tervals around the southern extre1nity ·of the 
is 10· to 14 feet thick. The base of the coal isolated body of coal-bearing rocks to the Occi­
measures is not exposed near the n1outh of the dental1nine (locality 141), where the beds are 

. mine, and certain faults known to exist near. practically vertical. (See fig. 10.) The Pierre 
this locality render doubtful the tracing of the shale is exposed to the west and the. Trinidad 
coal bed to a locality where its horizon can be sandstone with its characteristic Halymenites 
determined. Richardson 225 states that the forms a ridge that runs parallel with the out­
bed is about 30 feet above the top of the Trini- crop of the coaL East of this ridge the coal­
dad sandstone. A higher coal bed overlain by bearing rockS and the overlying congl01nerate 
conglomerate was penetrated in a diamond- found at the last two localities and described 
drill hole about one-fourth.mile northwest of the as probably belonging to the Poison_ Canyon 
inouth of the mine. The drill record was not are well exposed. At this inine a tunnel, 

Feet 

300 

200 

. 100 

0~----~~~~~~------~----------~-------------------=~ 
Yz 0 2 Miles 

FI~URE 10.-Sketch sec_:ion 'showing the unco~formable relations between the Ve~mejo and Poison Canyon formations near Oakdale, Colo. 

seen by the writer, ·but the 1nan who superin­
tended the work furnished the following section 
~~~m~: . 

Record of a drill prospect near Oakdale mine. 

Conglomerate ................. : . _ ............•... 
.Coal, coked ................................ . 

Sandstone, white~ granular, shaly in some places~ .. 
Coal (the bed worked in Oakdale mine) .. : . .-. 

Feet. 

5+ 
5 

. 50 
10+ 

The lower bed of coal is supposed to be the 
same as the thin bed described at localitY. 139, 
on which the conglomeratic sandstone (obvi­
ously the same as the conglomerate. of the drill 
record) rests unconformably. If this correla­
tion is correct, the upper coal ~nd the sand­
stone between it and the lower coal was eroded 
away at locality 139 previous to the deposition 
of the conglomerate. · (See fig. 9.) 

A few fossil leaves belonging to the Vermejo 
flora were found at this locality between the 
two beds of coal. 

Fossil plants collected at Oakdale, Colo. 

[U.S. Geol. Survey fossil locality 5672.] 

Fious wardii ~owlton. 
Sequoia obovata Knowlton .. 

. Sequoia reichenbachi (Geinitz) Heer. 
Woodwardia crenata Knowlton. 

started west- of the ridge formed by the Trini­
dad sandstone, was driven eastward through 
this sandstone and into the coal-bearing rocks, 
penetrating two beds of coal. The coal-bear-

. ing rocks penetrated· by this tunnel were meas-
·ured by D. E. Winchester.1 The thickness of 
the Trinidad sandstone was estimated by the 
writer, who also found the conglomerate to be 
20 feet above the 3-foot bed of coal about one­
fourth mile south of the mine. These facts are 
embodied in the following section: 

Section of rocks measured at locillity 141, Occidental mine, 
. northwest of La Veta, Colo. 

PoisOn Canyon (?) formation: 
Conglomerate. 

Unconformity. 
Vermejo formation: 

Sandstone and shale~ ...................... . 
Coal. ................................. . 

Sandstone, shaly ........... : ............. _ .. . 
Coal. ............... , ................. . 

Sandstone, shaly ........................... . 
Coal. ..................... , ........... . 

Sandstone, shaly .......................... . 
Coal. ................................. . 

1 Personal communication. 

Ft. in. 
20 ·o 
3 0 

15 0 
6 

30 0 
8 0 

30 0 
6 

107 0 
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Trinidad sandstone: such as might be· expected, and that there is 
Sandstone containing Halymenites major Feet, no known reason for suspecting that the Raton 

Lesquereux ............................... 100+ b d h" h d t t th t 
Pierre shale. · · · e s, w 1c . o no appear a e ou crop, 

207 + wo.uld be found under the Poison Canyon 
The. congl01nerate is upturned to practi- formation very close to the western 1nargin 

cally the same degree as the underlying of t~e La Veta district. However, this for­
beds, but at this locality it is 20 feet. above mation, which is nearly 800 feet thick near 
the coal bed (apparently the coal bed on Walsenburg, about _12 miles to the east, must 
which it r~sts at Oakdale, less than a mile extend westward for a considerable distance 
to the· northeast). This fact considered in under the Poison Canyon. 
connection with the obviously unconformable A few rather poorly preserved fossil plants, 
relations described from locality 139 . incli- Myrica torreyi Lesquereux and Sparganium? 
cates that there-is a slight angularity between ,sp., were collected near the Occidental-mine. 
the planes of bedding of the V ermej o ·and the · :S<?me were found in the shale overlying the 
Poison Canyon formations, but that ~here is no highest bed of coal and others in rock that 
conspicuous overlap of the Poison. Canyon came from the mine (U. S. Geol. Survey 
beds upon the older rocks at these localities fossil localities 5673. and 5674). 

47019°-17--11 
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CANON CITY FIELD. 

PREVIOUS INVESTIGATIONS.· 

Endlich 73 followed Hayden in an argument that 
the coal beds at Canon City a11d others, then 
regarded as equivalent in age, should be re-

'l'he Canon City coal field lies at the eastern. garded as neither Cretaceous nor Tertiary, but 
base of the Rocky Mountains in south~cen- as an intermediate transitional group'. In 1878 
tral Colorado, about 40 miles from the Trinidad Lesquereux ~ 1 included the Canon City field in 
field. (See Pl. XXI.) TJ?-e Canon.City field is an outline of the geology of localities where fos­
about 12 miles long and 6 miles wide, and the sil plants had been found, described the fossils, 
coal measures owe their preservation partly and reviewed .the evidence of the age of the 
to the fact that they occupy the trough of a beds in an effor~t to support his contention that. 
syncline. They are underlain by Pierre shale tl?.e coal me~sures were ·of Tertiary age. His . 
and by a massive sands~one which corresponds effort was not successful, for Stev~nson 89 later 
in stratigraphic positi9n, lithologic character, referred to the Laramie the coal beds of the 
and contained fossils to the Trinidad sandstone Raton Mes~ region and correlated them with 
of the Raton Mesa region. those of the Canon City field on the one hand 

The occurrence of coal in this field was known and those of the Cerrillos field on the other. The 
as early as 1820, when the field was vi~ited by· .reference of these beds to the Laramie (which 
Maj. Long's party,3 members of which de- was gradually becoming recognized as a Ore­
scribed the sandstone of the coal measures taceous formation) Was not openly challenged 
and stated that coal is ·generally found along (though Lesquereux and a few others never ac­
the mountain front wherever the "gray sand- ·knowledged them to be Cretaceous), nor was 
stone" is met with. In 1865 Owen and Cox 16 ·. any serious ·objection to calling them Laramie 
referred to the coal. In .1869, I-Iayden, after raised for about 30 years. However, during 
examining the coal beds,29. referred them to most of :this period a large collection of fossil 
the Tertiary. · R. Neilson ·Clark 27 followed plan.ts, known as the Hadd~n collection, many 
in 1873 with a description of'' the Tertiary coal of which are of species only reoently described, 
beds of Canon City.'' About the same time had lain almost unnoticed in the National Mu­
Lesquereux,32 after examining some of the fossil seum, as well as another collection, made by 
plants from these coal beds, referred them to Hadden for Newberry, in the museum of Colum- · 
the Eocene. · bia University; but althoug4 these fossils can1e 

In 187 4 Cope, who had come to regard some from rocks supposed to be of Laramie age, they 
of the wes~ern coals . as ·Cretaceous, reviewed s~emed not· to ·belong to what had come to be 
the evidence of age of the Canon City coal kriown as ·the Laramie flora. The localities 

· beds 34 and attributed to Hayden the opinion where they were foliild were in doubt, and fur­
that they are younger than the Cerrillos coal· .thermore the name Laramie seems to have be­
b~ds of"central New Mexico, but that both ar·e come so firmly attached to the coal measures 
of Tertiary age. Dur~g the same year that little attention was given to the collec­
Stevenson 50 announced that t]+e coal· meas- tions. In 1909 C. w·. Washburne 226 examined 
ures of the Canon City field contain marine the coal beds of the Canon City field and fol­
fossils of Cretaceous age, and the following lowed the long-established custom of referring 
year he published a fuller description of the them to the Laramie. Through Washburne's 
field.58 · efforts it was ascertained that the Hadden col-

In 1876 Hayden 62 reviewed the evidence of lection came·from-near Coal Creek; and as the 
age. of the Lignitic group,. in .which he in- mmes at Coal Creek, of which Mr. Hadden was 
eluded· the Canon City coal beds, and argued supe~intendent, are in the lower part of the for­
that the group should be regarded ~s a transi- mation, it was naturally assumed that the fossil 
tiqn from Cretaceous to Tertiary. A year later plants, which are of :Montana age .. and are in-

162 
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dudecl in the Vern1ejo flora in the present paper, 
can1e frotu the lower part; but when ,the present 
WTiter visited this field, in the summer of 1910, 
and collected the data presented in this paper, 
he found, by comparison of the materials col­
lected at several horizons with that of the Hacl­
den.collection and by the tes_timony of men at 
Coul Creek who had worked with Mr. Hadden, 
that the horizon of many, if not all; the plants 
in the Na~ional Museum collected by him and· 
also those collected for Prof. Newberry came 
from the upper part of the foi·mation, about 
halfway between the Rockvale sandstone and 
the'' run rock.'' The fossils of these collections 
have been studied and are described in the ac­
cotnpa.nying paper by Knowlton (pp. 223-349). 

As the details on which depends the correla­
tion of the formations in the Canon City field 
with those of the Raton Mesa region are not 
v-oluminous, they are here placed in then· nor­
Ina! position preceding the discussion of gen­
eral relations. For conv-enieD:ce of description 
formation names explained later will be used. 

·LOCAL li'EA'.L'UUES IN DE'rAIL. 

RADIANT. 

The rocks ·a~·e not well exposed in the south­
ern part of the Canon City field and no satjs­
factory sections of them were measured. On 
Newland Creek the Trinidad sandstone contains 
great numbers of IlcLlymenites major Lesquereux 
and some smaller forms about one-fourth inch 
in dimneter .. Petrified wood,· described as 
Oup1·essinoxylon coloradense Knowlton, was 
found neai· the Brilliant mine a few feet above 
the Trinidad sandstone (U. S. Geol. Survey,fos-
sillocality 5784). • · 

Near the town of Radiant the ro'cks are better 
exposed than theyarefarthersouth. One-fourth 
n1ile southwest of the Radiant mine Sequoia 
1·eichenbachi (Geinitz) I-Ieer was found a few 
feet below the Rockv-ale sandstone (U. S. Geol. 
Sunrey fossil locality 5785). There are some 
indications that the coal- measures below this 
sandstone n1ay be th_ic~er in the southern p·art 
of the field than in the northern part. Wash­
burne 226 states that the Radiant mine is on: a 
bed 200 to 250 feet above the base of the coal­
bearing formation, and yet, according to his. 
map, this heel of coal is not the highest in the 
lower coal group. If he is correct, the lower 
group is thicker here than it is at Bluff Spru1gs 

and at Coal Creek but is about the same thick­
ness as at Rockvale. 

BLUFF SPRINGS. 

A short section was measured by Wash­
burne 226 at the Bluff Springs mine, about 4 
miles southwest of. Florence, Colo. The lower 
80 feet.of the section (see Pl. L\.II) was meas­
ured in an air shaft of the mine and the remain­
der at the outcrop. The lowest coal bed of the 
section, according to ·w ashburne., is. the Rock­
vale, or lowest coal in the field. I-Iowever, he 
shows by his section that the top of the Rock­
vale sandstone is about 226 feet above this coal 
bed, whereas at the Rockvale mine, less than 2 
miles north of Bluft Springs, the top of this 
sandstone is 323 feet above this coal,226 and at 
the Fremont mine, 2~ miles north of Bluff 
Springs, the shaft between the outcrop of this· 
sandstone and the first coal_bed above it reaches 
the RockVale coal bed, according to Wash­
burne/27 at a depth of 402 feet. From these 
fact§) it· _seems probable either· that the Bluff 
Springs section does. not include the Rockvale 
coal bed or that the sandsto~e at the top of the 
section is at some horizon below the Rockvale 
sandstone. 

COAL CREEK. 

There is ~ good exposure of ~ part' of the lower · 
group of coal-bearing rock~ n1 the gulch a few 
hundred feet south of Coal Creek mine No. 2. 
The Rockvale coal bed, in which the Coal Creek 
mine is developed, is exposed in the bottom of 
the gulch, and above it lies a Ilalymenites-bear­
ing sandstone which seems to be the Eockvale. 
The relations are sho~ in the section below. 

Section of the lower part of the Vmnejo fonnation meas'l.tred in 
the gulch south of Coal Creek ?nine No.2. 

[For graphic section sec PI. XXII:] 

Sandstone, hard,. yellow (Rockvale (?) sand-
stone). · 

. Sandstone, more or less nodular and softer than 

. the sandstone above, yellow .................. . 
Shale ............................... _. ......... . 

Coal .................... _._ ...... : ....... . 
Shale, sandy, yellow ........................... . 
Saitc;lstone, soft, friable, ~vlute: ................. . 
Shale, with thin irregular layers of sandstone .... . 

Coal ...................... _._ ... _ .... _ ... . 
Shale, sandy ...................... _ .. _ ... ; ... __ 

Coal ......................... , ....... _ ... ·. 
Shale, dark, containing gypsum and alkali~ .... . 

· Coal ...•................................ ~ .. 

Ft. in. 
20. 0 
1 0 
1 6 

12 0 
10 0 
G 0 
3 o. 

18 0 
2 0 

20 0 
2 ·6 
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Shale, containing crystals of gypsum ........... . 
~andstone, soft, massive; white ................ . 

' Coal (Rockvale bed) ......... ~ ............. . 

Ft. in. 

35 0. 
15± 
4 0 

150± 

Fossil plants are abundant near ·coal Creek 
in the lower part of the Veimejo formation.· 
The following coilection was made from the 
rock dump of the 1nine and ano.ther from rocks 
exposed at the surface: · · 

Fossil plants from the rock waste of Coal Creek mine No. 2. 
[U.S. Geol. Survey fossil locality 5i9i.] 

Anemia supercretacea Hollick. 
Amelanchier obovata Knowlton. 
Asplenum coloradense? Knowlton. 
Canna sp. 
Ficus leei Knowlton. 
Myrica torreyi Lesq uereux. 
Osmunda hollicki Knowlton. 
Sabal montana Knowlton. 

Fossil plants collected at the base of the Vermejo fonnation, 
about half a mile north of Coal Creek, Colo . . 

[U. S. Geol. Survey fossil locality 5i90.] 

Cupressinoxylon? vetmejoensis Knowlton. 
Ficus curta Knowlton. 
Ficus praetrinervis Knowlton. 
Ficus speciosissima Knowlton. 
Ficus regularis Knowlton. 
Ficus sp. 
Phaseolites leei Knowlton. 
Pteris erosa Lesquereux. 
Viburnum? hesperium Kn.owlton. 
Viburnum problematic,um Knowlton. 

ROCKVALE. 

Section of rocks measured near ·the top-of Vermejofonnation, 
about a mile south of Rockvale, Colo. 

(For graphic section sec Pl. XXII.] 

Sandstone, with partings of sandy-shale.: ......... . 
Sandstone, massive .............. _ ............ · ... . 
Shale ................ ·- .......................... . 
Sandstone,· shaly ... , : ................ ; . : . ..... · .. . 
Shale, sandy, drab .............................. ·. 
Sandstone, massive; containing fossil palm leaves 

Ficus praetrinervis Knowlton and Sabal montana 
Knowlton (U. S. Geol. Survey fossil locality 
5789) ..... _ .... - : .... - - .. - - ... - ..... - .... - - .... . 

Sandstone, shaly ..... · ........................... . 
Shale, reddish ................................... . 
Sandstone, shaly ................................ . 
Shale, sandy ........... : ....... · ................. . 
Shale, pink and somewhat sandy, interbedded with 

lenses of yeliow shale, coal bearing ........... . 
Sandstone, shaly, containing shaly layers at top 

(U. S. Geol. Survey fossillocality 5788); with the 
following fossil plants: Sabal montana Knowlton, 
Salix plicata Knowlton, F1:cus praetrinervis 
Knowlton, and ·Viburnum montanum Knowlton .. 

Shale, red and ~shy .......................... _·_ .. 
Sandstone, massive, white .......... ~., ........... . 
Shale, drab ..... , · ............................... . 
Sandstone, concretionary in some places, yellow .. . 
Shale, brown, with thin beds of coal.. ............ . 
Sandstone, massive soft, white ................... . 
Shale. 

Feet. 
25 
18 
15 
3 

14 

8 
10 

6 
12 

6 

4 

22 
6 
6 

18 
4 

. 3 
'15 

195 

W ashburne226 has published a section· meas­
ured north of Rockvale (see Pl. XXII) that 
is correlate'd with the Williamsburg section by 
means of the highest sandstone, which wash­
burne states is a part of. "the big· barren 
series" and which therefore corresponds with 
~he base of .the cliff-making sandstone which 

Another ··short section of the rocks some- is well developed farther north and is locally 
what younger than those just described at· known as the "rim rock."- A collection of 
Coal-Creek was measured in a steep bluff about fossil plants . was made in Rockvale Canyon 
a mile south of Rockvale. In this bluff oc- from pink sandstone which occurs about 135 
curs a layer of fine-grained sandstone varyin,g _ feet below the base of the "big barren series" 
in color fr'on1 pink to light yellow and ashen of Washburne. It: is this fossiliferqus sand­
gray, from which a large number of fossil. stone that affords the means of correlating the 
plants have been coll~cted both here and in- R'ockvale section with the s~ction measured 
Rockvale CaJJyon. From this sandstone Had- farther south and with the Williamsburg sec­
den collected n1any fossil plants (p. 163). · Mr. tion farther nor-th. As many of the fossils 
Hadd~n was formerly superintendent of the collected by Hadden and Newberry came from 
Coal Creek arid Rockvale mines, and men now this horizon (U. S. Geoi. Survey fossil locality 
living at these places who knew him person- 5781), the present writer collected only enough 
ally f;)tate that he frequently wen~ to the hill- material to identify the horizon. In his mate-

. sides where this layer of yellowish-pink sand- rial were found Anemia supercretacea Hollick 
stone is exposed to collect fossils. By means and Salix plicata Knowlton. 
of this-sandstone the section is correlated with Halymenites major Lesquereux occurs in the 
those measured at Rockvale and · Williams- sandstone a few feet above· the horizon at 
burg. 'The section follows: . which tliese plants were found, and about 100 
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feet higher (U. S. Geol. Survey· fossil locality 
5782) Pterospermites undulatus Knowlton and 
Viburnum montanum Knowlton were found. 
Still higher in the section, near the base of the 
"rhn rock," Ficus leei Knowlton, Ficus wardii 
Knowlton, and Myrica torreyi· Lesquereux were 
found (U. S. Geol. Survey fossil locality 6783). 

The following plants were collected from 
the rock waste of the Rockvale· 1nine, said to 
conle fronl the roof of the lowest bed in the 
coal 1neasures: 

Fossil]Jlants collected near Rockvale, Colo. 
[U. S. Goo!. Survey fossil locality 5793.] 

Asplenium? coloradense ·Knowlton.· 
Canna magnifolia .Knowlton. 
Ficus speciosis.Sima Knowlton. 
Osmunda hollicki Knowlton. 

WILLIAMSBURG. 

The rocks fr01n the Rockvale sandstone up 
to the '.'rim rock" are well exposed· in .the 
point of the mesa about a mile north of the 
town of Williamsburg. (See Pl. XXIII.) The 

0 Pierre· shale and the Trinidad sandstone are 
also exposed here, but the lower group of coal­
bearing rocks is not ·well enough exp.osed for· 
detailed examination. The rocks dip 4°-13° 
W., and by computation from these dips and 
the horizontal distance measured across the 
space o·ccupied by the poorly exposed rocks, a 
thickness of about 300 feet was obtained for 
the lower gro-q.p. The thickness of these beds 
as measured in the shaft of the Rockvale mine 
·is .323 feet. The Rockvale sandstone con­
tains great nmnbers of Halymenites major 
Lesquereux, and near the top of it there· are 
1nany lenticular masses of pink sandstone 
which contain the rnarine invertebrates 1ia1ned 
in the following section: 
Section of rocks measured a( the point of the mesa north ·of 

Williamsburg, Colo. 

(For graphic section sco PI. XXII.] 

Sandstone, coarse, locally conglomeratic, Feet.' 

probably base of Arapahoe (?)formation·... . 10± 
Unconformity. 
Vermejo formation: 

Sandstone, friable. . . . . . . . . . . . . . . . . . . . . . . . . 4 
Sandstone, massive, . coarse grained, cliff 

making, yellowish white; forms cliff at the 
top of mesa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 · 

Sa'ndstone, shaly, thin bedded; contains 
many impressions of palm leaves, Sabal 
montana Knowlton (U. S. Geol. Survey 
fossil locality 5780) and several netted- · 
veined leaves too poorly prese1·ved for 
identification .. ~ ................. :.. .. . . . 25 

Vermejo formr.tion-Continuecl .. 
. Sandstone, massive, with partings of shaly 

sandstone, yellow: Coal beds near the 
base ................................. ::. 

Shale containing fossil plants near the top: 
FicUs praetrinervis Knowlton, Sabal mon-

. tana Knowlton, Sequoia obo_vata? Knowl­
ton, Sequoia reichenbachi (Geinitz) Heer, 
Vibu~um montan?.tm Knowlton (U. S. 
Geol. Survey:fossillocality 5779) ........ . 

Coal ................................. . 
Sandstone, soft, yellowish white ........... . 
Shale, drab to brown ............... ~ .... .. 
S~ndstone, nodular, yellow ............... ~ 
Sandstone, soft, massive, white ........... . 
Shale,.brown, with thin beds of coal ....... . 
Sandstone, massive, yellowish white; con-

tains Rear the base fossil plants of the same 
species as were found in the pink sandstone 
west of Rockvale, and Halymenites major . 
Lesquereux at the top ................... . 

Shale, drab ............................... . 
Sandstone, concretionary, yellow ........... . 
Sandstone, sh~ly, with a thin bed of coal 6 

feet from the base ...................... . 
Sandstone, massive .................. ~ .... . 
Covered; probably shale or shaly sandstone. 
Sandstone, massive; yellow to white, weath- -

ering to a reddish brown. The upper 40 
feet forms a prominent shelf and contains 
Halymenites major Lesquereux .......... . 

Shale, sandy, not continuously exposed .... . 
Sandstone (Rockvale member), massive, yel­

low to brown, containing Halymenites major 
Lesquereux and the marine invertebrates 
Avicula linguiformis Evans and Shumard, 
Lucina? sp., Mactra warrenana Meek and 
Hayden, Jlfactra sp., Tellina scitula Meek 
and Hayden, and Thracia subgracilis Whit­
field (U. S. Geol. Survey fossil localities 
6513 and 6567) ......................... . 

Covered .......... : ..... : ....... : ........ . 
Coal .......................... · ....... . 

Sandstone, massive ....................... . 
Coal (Rockvale bed): ... : . ........... . 

Trinidad sandstone: · 

J!'oet • 

50 

8 
.2. 
3 

35 
3 
8 

1& 

9• 
6· 

18 

70 
15 
10 

95 
15 

33 
256 

3 
30± 
4± 

Sandstone, massive, brown ................ · 90 
Pierre shale: 

Shale with thin lay~rs of sandstone (transi­
tional zone), contai~ing Halymenites ma­
jor Lesquereu.x: and fragments of nette<;l-
veined leaves ................. :............ 145± 

Shale. · 
1, 030± 

For a c·onsiderable distance above the Rock­
vale sandstone the rocks are soft and no com­
plete exposure of them was found. They are 
coal bearing, m1d, according to Washburne's 
map of this field (here reproduced as Pl. 
XXI, p. 162), tllis poorly exposed part of the 
section contains t'vo coal beds of considerable 
thickness. .Halymenites were found at two 
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horizons~ one about 110 .feet and the other· 
about 230 feet ·above the Rockvale sandstone. 
The upper horizon· is. the same as the one de­
scribed as occurring about 135 fe~t below the 
"rim rock" in Rockvale Canyon, ·where also 
the fossil plants occur below the Halymenites 
zone. 

The cliff or ''rim rock'' consists of two strata 
of hard, massive sands~one, separated by about 
25 feet of softer sandstone; shaly in .places and 
containing fossil plants, chiefly large . palm 
leaves.· The upper stratum is very resistant 
and forms a nearly perpendicular cliff. It is 

··here only 65 feet thick and is evidently the 
lower part of the great sandstone more than 
500 feet thick t:h.at forms the hogback at Alkali 
Gap, about 4 miles farther west. Gravels. that 

·seem to belong to the conglomerate which lies 
unconformably on'the Vermejo in the ce.nter of 
the field occur at the top of the section. · 

. NORTHERN PART OF FIELD. 

The Rockvale sandstone. is well· exposed be­
tween Rockvale. and Brookside. In a gulch 
half a Inil.e east of Brookside it forms. a cliff (see 
Pl. XXIV) and contains great numbers of 
FJalymenites 1najor Lesquereux. In it are 
large concretim'ls of sandstone that weather to_ 
a pink color like those just described north of 
Williamsburg. Some of these concretions con-· 
tain Mactra warrenana Meek and Hayden and 
Mactra sp. (U. S. Geol. Survey fossil locaiity 
6568). A bed of coal which occurs imme-

. diately above the sandstone is believed to be 
the sanie as the· thin bed below the Chandler 
coal of the Alkali Gap section .. 

A small area of coal-bearing rocks north of 
Arkansas River is underl~in by the Trinidad 
sandstone, which is here more prominent than 
it is farther south and forms a conspicuous 
cliff, the most prominent part- of which is 
lOcally. known as the Castle. It contains 
Ilalymenites major Lesquereux and great num­
bers of fragmentary plants, but half a day'~ 
search resulted in finding only two leaves, 
Ficus praetrinervis Knowlton and Dryophyllum 
bruneri Ward, that were perfect enough for 
s·pecifi.c identifica.tion (U. S. Geol. Survey fossil 

. locality 5776). The presence of fossil seaweeds 
ir1 the sandstone, together with the fragn:ents 
of land plants, suggests that the san.dstoile was 
deposited near the shore and t.ha t the plants were 
washed into t4e sea froin land that was ~ear by. 

ALKALI GAP. 

West of Brookside the rocks are not well 
exposed and no single bed was traced by the 
writer but Washburne traced the coal· devel-

. ' . 
oped in the Brookside mine west and south t? 
Alkali Gap, where the longest section of the 
Canon City field ·was measured. Fossils were 
collected at this locality from several horizons. 
and observatipns w~re niade looking 'toward 
the correlation of the various rocks with those 
examined along the eastern margin of the field. 
The measurements m·ade by the writer corre­
spond in general with those previously pub.:. 
lished by W ashburne226 and his measurements 
are used for plotting the section in Plate XXII 
. (p. 164). _However, to the section as pub-
lished by Washburne have been added the 
fossils collected by the writer, who also is re-

. sponsible for the correlations shown on this 
plate. The sectio~1 follows: 

Section of rocks measured in Alkali Gap. 

[For graphic section see PI. XXII.] 

Sandstone, tuffaceous,· and bright-colored 
clay, nearly horizontal, probably Denver ·Ft. in. 

formation ........... · ................ ·..... 50 0 
Not exposed, horizontal distance· 325 feet, 

dip unknown. . 
Conglomeratic sandstone, dip 75°E. (possibly 
equivalentin~ge to Arapahoe formation) ... .160 0 

unconformity. 
Vermejo formation: 

Sandstone, soft, with streaks of sandy shale, 
nearly vertical........ .. .. .. .. .. .. .. . . .. . 255 · 0 

_Sandsto~e, strong, massive, makes crest of 
ridge ....... · ............................. 250 0 

Not. exposed, probably mostly soft sand- · 
stone, some fire clay at top............... 40 ·o 

Coal, thin bed. 
Sandstone .. : ........................ -..... 25 . 0 
Not exposed, soft rock's.................... 20 · 0 

Coal, probably Brookside bed......... . . 3 0 
Shale .. : .................... • ... - - ...... - 2 · 0 
Sandstone, white, ·even bedded............ 20 0 
Sandstone, soft ... · .................. · ...... ·. 35 0 
Not exposed. . .. .. .. .. .. .. .. .. .. .. .. . . . .. . 30 0 

Qoal, in black shale. . . . .. . .. . .. .. .. .. . 1 6 
Not exposed ..... : .................... -,.. 20 0 
Sandstone, with fossil leaves at base: Ficus 

speciosissima Knowlton, },fyrica torreyi Les­
quereux, Palaeoaster inquirenda Knowlton 
(U. S. Geol. Survey fossil locality 5775) .... 55 0 

Coal· Chandler ~)ed in an open cuL : . . . . . . . 4-5 · 0 
Sandstone and shal~ ...... ~ .. ·. . .. . . . . .. . . . . . 40 0 

Coal, top not exposed·................. 1+ 
Sandstone, coarse grained, massive, with iron 
· concretions, weath!3rs yellow,contains Haly-

menites major Lesquereux near the top.... 65 · 0 
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ESCARPMENT AT EASTERN MARGIN OF CANON CITY COAL FIELD, NORTH O F ROCKVALE, COLO. 

C, Cliff-maki ng sandstone, capped with Arapahoe(?) conglomerate; u, upper coa l group of the Vermejo formati on; r, Rockvale sandstone membe r of the Vermejo formation. 
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ROCKVALE SANDSTONE MEMBER OF THE VERMEJO FORMATION NEAR BROOKSIDE, COLO. 

V, Lower part of upper coal group; r, Rockvale sandstone member; f , locality where fossil invertebrates were collected. 
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Vermejo formation-Continued. . 
Sandstone, shaly ........................ . 

Coal, upper Royal Gorge bed .... > .. . 
Shale, hard, sandy ..... · ................. . 

Coal, bloom, lower Royal Gorge bed .. . 
Sandstone, soft, whjte .................. . 
Shale, .with coaly streaks ................ . 
Sandstone, soft, gray .................... . 

Coal ........... · .................... . 
Sl~ale ........................ · ..... . 
Coal ............................... . 

Not well exposed, probably mostly shale .. . 
Sandstone, hard ........................ . 
Not well exposed, mostly shale .......... . 

Coal ............................... . 
Sandstone and shale, ·with a nonworkable 

bed of coal near base .................. . 
Coal ............... · .. · .............. . 

Sandstone .............................. . 
Coal. .............................. . 

Shale ........ -....................... ~ .. 
Coal. .......... · ..... · ............... . 
Shale ............................. . 
Coal. ...... ~ ....................... . 

Sandstone, coarse white ................. . 
Coal, Rockvale bed ........ ~ ........ . 

Trinidad sandstone ......................... .. 
Pierre shale: 

Ft. in. 

30 0 
4 0 

10 0 
4 0 

27 0 
·5 0 
31 .· 0 

2 0 
1 0 
1 0 

41. 0 
8 0 

52 ·0 
2 6 

63 0 
? 

15 0 
? 

25 0 
1 0 
1 0 
1 8 

50 0 
2~6 

55 0 

graphic section of the Littell mine was plotted 
in Plate XXII. -The lowest. coal bed included 
in the section is slipp.osed to be the _one in 
which the Chandler mine is.developed, and this 
gives a convenient means of correlatll;l.g the· 
section with that of Alkali Gap.· 

AGE RELATIONS. 

PIERRE SHALE. 

The fossils named in the Alkali Gap section 
from the upper part of the marine shale are 
regarded as sufficient evidence for correlating· 
this ·shale with the Pierre of. the Raton Mesa 
~egion. · The correlation is strengthened by the 
practical continuity of the lower part of the 
shale between the Canon City an~ Trinid~d 

. fields, a distanc~ of about 40 miles, although 
the upper part of ·the ghale and such coal-bear­

. i:p.g rocks as· may have existed between the 
two have been eroded away. 

Slutle, blue, sandy ..................... . 
Sandstone .................•............. 
Shale ................................. . 

45 
1 
5 

The top of. the Pierre shale is sandy, consist­
ing of alternating layers. of sandstone and 
shale like the transition~l zone of the Raton 
Mesa region. Some of the sandstone layers 

~ contain great numbers of leaf fragments. 

0 I-Ialymenites '11!ajor Lesquereux is common. 
Sandstone, massive ........•............. 
Shale,· blue, sandy, with thin ·partings of' 

sandstone ............................ . 

8 

40 

0 TRINIDAD SANDSTONE. 

0 A massive sandstone, similar in lithologic 
Shale, sandy, yellow, co:q.taining large con-

cretions with Pierre fossils ........... : .. 
Shale, blue,. &'tndy, with concretions ..... . 
Sandstone, soft, shaly ................... . 
Shale, sandy, blue, yellow, white ....... . 

45 
65 
4 

. 50 

character and general appearance to the Trini-
0 dad sandstone of t!1e Raton Mesa region, 
O occurs above the transitional zone. The simi­
~ larity of this. sandstone to the ·one holding the 

same stratigraphic position in the Raton Mesa 
region was pointed out by Stevenson 50 in 1874. 
Washburne 220 also correlated it in a general 
way with the Trinidad, although he found 
no fossils _in it and expressed the opinion that 

Shale, blue; containing at the base con-
cretions (U. S. Geol. Survey fossillocali ty 
6569) with Lucina occidentalis (Morton), 
Syncyclonema rigida Hall and Meek, 
Inoceramus sagensis Owen, Leda evansi 
Meek and Hayden, Nucula sp., Sphaeri­
ola'l sp., }.factra? sp., Baculites compressus 
Say, Scaphites nodosus Owen........... 250 0 

_ Shale, blue-black, with thin in<;I.mated 
sandy layers containing comminuted 
plant f!·agments....................... 150. 0 

Shale, clayey, dark, slickenSided .......... 3, 000 0 

5,490+ 
LITTELL MINE. 

. About three-fourths 1nile northeast of Alkali 
Gap a mine shaft has been sunk to a depth 
of more than 1,000 feet. It penetrated the 
Arapahoe ( ~) conglomerate and the upper part 
of the coal measures (Veymejo formation). 
'l'he record of the shaft has been published 
by Washburne,22

1la. from whose descr!ption the 

it and the Trinidad "may not be precisely syn­
chronous deposits." Though the I-Ialymenites 
that characterize the Trinidad of the Raton 
Mesa region 'are not so generally distributed in 
the Canon City field, great numbers of the 
typical I-Ialymenites major Lesquereu..x were 
found in places, esp~cially in the southern 
part of the field, together with a smaller but 
otherwise similar form. As the outcrops in 
the two fields are only 40 miles apart, and as 
the sandstones are similar in lithologic char-: 
acter, hold the same stratigraphic position, 
and contain the sam~ fossils the name Trinidad 
sandstone is. here extended to the Canon City· 
field. 
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VER1'4EJO FORMATION. 

The coal-bearing rocks of the Canon City 
field contain fossil plants. that correlate them 
with the Vermejo formation of the Raton Mesa 
region so definitely that the name Vermejo 
is here extended to include them. The plant-

. bearing beds are separated into two groups by 
a· sandstone of marine origin that contaips 
invertebrates · of Fox Hills .type and great 
nu:t?b~rs of Halymenites major Lesquereux, d 
form which seems to have culminated in Fox 
Hills time and apparently to have become 
extinct· soqn afterward~ This fossil is also 
found at several horizons within the upper coal 

_ group. The invertebrates and Halymenites 
tend to correlate the Vermejo of this field with 
the Fox Hills farther. nortfi, and the. other 
fossil plants tend to show its connection' with 
the Mesaverde. From the Vermejo formation 
of the Canon City field, 57 fossil plants have 
been described, of which 23 are from the lower 
coal group. (See p. 54.) No definite locality 
is given for 21 .of the plants and doubtless 
many of them come from the lower group. 

The sandstone separating the two groups ·of 
coal beds is here named the Rockvale sandstone: 
member of tP,e Vermejo formation, from its 
typical development near Rockvale. It is of 
marin~ origin and contains the follow~g fossils: 

Fossils collectedjrom the Rockvale sandstone in the Canon 
CityJield, Colo. 

[U.S. Geol. Survey fossil~ocalities 6567, 6513, and 6568.] 

A vicula linguiformis Evans and Shumard. 
Lucina? sp. . 

- Mactra warrenana Meek and Hayden. 
Mactra sp. · 
Tancredia americana Hall and Meek. 
Tellina scitula Meek and Hayden. 
Thracia subgracilis Whitfield. 
Halymenites major Lesquereux. 

T. W. Stanton, who identified these fossils, 
. ' . 

says: . 
Some of them are identical with Fox .Hills species, but 

the evidence is not sufficient for stating positively that the 
horizon is that of -the Fox Hills sandstone, though the 

· difference in age can not be very great. We know that · · 
many species of the Fox Hills fauna have a considerable 
range within the Montana group and are found in beds of 
similar lithologic character several hundred feet below 
the true Fox Hills. 

As these forms elsewhere range downward 
in the Montana their occurrence here between 
beds yielding ·a Montana flora would seem to 
warrant placing the V ermejo of this field at 

least as low in the time scale as Fox Hills as 
dev~loped in the Denver Basin and would not 
invalidate its reference to a place in the middle 
of the Montana, as so·me of the fossil· plants 
seem to demand. · 

The upper coal group has yielded a large 
flora: (See table of Vermejo flora, p. 54.) 
'1\venty of . the species named are· known to 
come from this group and probably a large 
proportion of the 21 others whose horizon is 
not c!,efinitely known were also foun'd there. The 
,fossil-plants of this group, according to Knowl­
ton, indicate Montana age and, like those from 
the lower group, belong to the Vermejo flora. 
Also the presence of Halymenites, a fossil of 
marine habitat, near .the top of the coal­
bearing rocks, indicates that these beds belong 
at least as low in th~ time scale as the Fox 
Hills 'of Denver Basin; For these reasons all 
the coal-bearing rocks of this · field are here 
placed in the Vermejo. No evidence was found. 
that any of these ~ocks are equivalent in age 
, to the Laramie of the Denver region. 

The upper part of the V ermejo formation 
consists of massive sandstone that is about 
500 feet thick in the western part of th~ field. 
It thins toward the east, probably because its 
top was eroded away p~evious to the deposition 
of the younger beds .. · However, in the eastern _ 
part 'of the field it forms a cliff 100 to 150 feet 
high, which is.locally knoWn as the '.'rim rock." 
It seems to be perfectly continuous with the 
underlying coal measures and is therefore in~ 
eluded in the Vern1ejo. 

ARAPAHOE (l) AND DENVER (l) FORMATIONS. 

Resting unconformably on the V ermejo and 
upturned to a nearly equal degree is a con­
glomerate, overlain by still younger beds that 
are less sharply upturned. These have been 
doubtfully correlated with the Arapahoe and 
Denver formations by Washburne, 226 and the 
present ,\rriter _has no information that tends 
to ~nvalidate this correlation. 

SUMMARY. 

The age rela.tions of the formations in the 
Canon City field may be briefly summed up 
as follows: The Pierre shale of this :field is the 
time equivalent of the Pierre of the Raton 
Mesa region, and,v like the latter, may not be 
the full equivalent of the original Pierre: The 
Trinidad sandstone of the Raton Mesa region 



CORRELATION OF FORl\fATIONS WITH THOSE OF OTHER REGIONS. 169 

seems to be equivalent to the Trinidad of the by the unconformity between it and the Ver­
Canon City field; hence the same name is mejo is comparable to that of the Raton Mesa 
used in both regions. The floras of the Ver- region on the south and to that of the Denver 
mejo of the two fields are similar, indicate ·region on the north. (See fig. 11.) 
Mon ta~a age, and 
tend to correlate the 
Vermejo with the 
Mesaverde. The in­
vertebrates, how­
ever, tend to place 
it somewhat higher 
in the time scale and 
correlate it with the 
Fox I-Iills of the areas 
fnrther north. Ac­
cording to Stanton, 
faunas from the up­
per part of the 
Pierre of these fields 
indicate horizons 
near the top of that 
for1nation. On ·the 
other hand, if the 
Vermejo flora is more. 
closely allied to that 
of the M~saverde 
than it is to younger 
floras, as Knowlton 
believes, the top of 
the Pierre shale of 
these fields must be 
placed somewhat 
lower than the top 
of the Pierre in the 
time scale. Other 
reasons · for this as­
smnption have been 
given in a paper al­
ready published. 249 

If younger Creta­
ceous .rocks were 
fonned in the Canon 
City field they were 
eroded away previ­
ous to the deposition 
of the Arapahoe ( ~) 
conglon1erate. · If 
this conglomerate is 
the time equivalent 
of the . Arapahoe of 
the Denver Basin the 
hiatus represented 
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GULF REGION. 

The Eocen~ deposits of the Gulf coast -are di­
visible into four groups., which--are, in ascending_ 
order, (1) the Midway, (2) the Wilcox, (3) the 
Claiborne, and (4) the Jackson. These groups 
are locally subdivided into a number of forma­
tions, or in areas where not subdivisible the 
group name is employed in a-formational sense. 
There is a general unconformity by erosion be-

Mesa region, a distance so great that lithologic . 
.similarity is of little value in correlation. 

As plants are the only. fossils available for 
directly correlating the Raton with formations 
in the Gulf region, it follows that although the. 
Raton may be in part the time equivalent, of 
the Midway, as stratigraphic· and structural 
evidence would· indicate, the f-ossils are found 
principally in the Wilcox. 

tween the MiQ.way and the underlying Creta- COLORADO SPRINGS AREA AND DENVER BASIN. 
ceo us, but it· is usually concealed or inconspic-
uous because of the siP:tilarity of the Eocene . The coal field near Colorado Springs is about 
and Cretaceous sediments. In northeastern 40 Iniles from the Canon City field and about 80 
Ark~nsas the ~Midway overlaps the Cretaceous from the Trinidad· field. The most recent 
and rests upon a Paleozoic floor .. The ~1id- studies· of this field 248 show that the Pierre 
way and Wilcox se.diments are in part marine shale is overlain by the Fox Hills sandstone, 

·and contain a distinctively Eocene fauna and ~nd this in turri is surmounted by 250 to '300 feet 
in part nonmarine and contain plants that of coal-bearing rocks that constitute the south­
Berry _regards as indicative of lower Eocene.250 ward continuation of the Laramie formation 

. . The Wilcox group overlies the Midway and of the Denver Basin. Lying unconformably· on 
in some places is unconformable with it. Some . the Laramie is the Dawson arkose, 234 a forma-
of the sediments are of marine or brackish- tion of recognized Tertiary age.· . 
water origin and contain invertebrates, but The Dawson arkose contains fossil plants and 
most of them are nonmarine and contain beds bones of a mammal and of dinosaurs, but as 
of lignite. The Wilcox has yi~lded a large. 'few fossils other than plants have been.found in 
flora which has been studied by E. W. Berry. beds w~th which it is here correlated farther· 
Of the 59 species of plants in the Raton flora south these correlations must rest for the pres­
having outside distribution, 29 have already ent on plants, stratigraphic position, and struc­
been found in the Wilcox formation-. (See· tural relations. Layers of shale occur between _ 
table, p. 60.) Also, there. are many forms in the massive beds of arkose, and some of these 
th~ Wilcox flora which differ slightly in specific layers contaip. great numbers of fossil plants. 
character from certain Raton species, but A collection of 14 described and several uniden­
which nevertheless are so similar that they tified species ·was made farther north near Se­
strengthen the correlation of the Wilcox with dalia, ·colo., several years ago, from rocks then 
the· Raton formation. · · supposed to· be Arapahoe. Richardson 245 has 

The correlation of the Raton formation with recently ·shown that thes.e rocks belong to the 
the lower Eocei1e beds of the Gulf. region rests Dawson arkose .. The plants therefore belong 
mainly on the stratigraphic position of the to the Dawson flora, which, as now known, 
beds, on their structural relations to _the older consists of 45 forms. 
formations, and on the. fossil plants. As the PlantsfrorrJ, the Dawson arkose. 
Midway formation is the oldest ·Eocene of the 
Gulf region and rests u,nconformably on the 
Cretaceous, it is possible that it is equivalent in 
part to the Raton formation. But -there are 
no invertebrates in the Raton with which those 
of the Midway. can be compa~ed, and the Mid­
way flora as now known is too 'meager for satis­
factory correlation. 

The Wilcox formation is lignite bearing, as 
is. als·o the Midway in some places, and this 
character suggests comparison with the Raton. 
formation, but the· Eocene of the Gulf region is 
separated _by about 550 miles from the Raton 

[Identified by F. H. K~owlton.) · 

Acer trilobatum productum? (Alexander Braun) 
Heer. 

Acorns brachystachis Heer. 
. Anemia subcretacea (Gardner) Ettingshausen .. 
Artocarpus, probably A. similis Knowlton. 1 

Berchemia mul tinervis (Alexander Braun) Heer. 1 

Cinnamomum affine? Lesquereux. 
Cissus laevigata Lesquereux. 1 

Cissus lobatocrenata L~squereux. 
Comus studeri Heer of Lesquereux.1 

Dicksonia n. sp. 
Doi'nbeyopsis obtusa Lesquereux. 

I Species common to Dawson arkose and Raton formation. 
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Dombeyopsis trivialis Lesquereux. 
Dryopteris lakes.iana (Lesquereux) Knowlton. 
Dryopteris lesquereuxii Knowlton. 
Equisetum sp.? 
Ficus denveriana Cockerell. 1 

Ficus planicostata latifolia? Lesquereux.• 
Ficus planlcostata Lesquereux. 
Ficus til~aefolia Alexande~ Braun. 
Ficus sp.? 
Sabalites grayanus (Lesquereux) Lesquereux. 
G eonomi tes ten uirachis 'Lesq uereux. 1 

Heclera n. sp. 
Hicoria sp. Knowlton. 
Laurus primigenia Unger. 
Lamus socialis Lesquereux. 1 

Laurus ,.Veecliana? Knowlton. 
Nelumbo lakesiana (Lesquereux) Knowlton} 
Nelumbo n. sp. . 
Palmocarpon palmarum (Lesquereux) Knowlton.• 
Phyllites n. sp. · · 
Platanus rhomboidea Lesquereux. 1 

Phitanus raynoldsii Newberry .1 

Platanus haydenii Newberry. 
Populus nebrascensis? Newberry. 
Populus sp.? 
Pteris erosa Lesquereux. 1 

Pteris unclulata Lesquereux. 
Quercus n. sp. 
Rhamnus goldianus Lesquereux.1 

Sapindus caudatus Lesquereux. 1 

Vibmnum marginatll;m Lesquereux. 
ViburJ!Um n. sp. 
Vi tis olriki? Lesquereux. 1 

Wooclwardia latifolia Lesquereux .. 

On tlie basis of these plants, the stratigraphic 
position of the fonna'tion, and its structural rela­
tions to the older rooks, the Dawson arkose is 
.correlated with the Raton for1nation. 

'rhe 'for1nations of the Colo~ado Springs area 
·extend continuously northward through the 
Denver region, which has come to be the recog­
nized h01ne of the Laramie and which is well 
'!mown through the writings of Emmons, Cross, 
and Eldridge.133 Recent work in the southern 
part of the regi~n by Richardson_ 234

•
245 indicates 

·that the Dawson arkose, which has a n1aximum 
thickness of about 2,000 feet, includes in it 
rocks equivalent in_ age to both the. Arapahoe 
and Denver formations of t~e ·Denver Basin. 
'Tho plane of separation between the Dawson 
:and the Lara1nie is the- post-Lara1nie uncon­
forJnity of the Denver Basin. 

The correlation of the formations as indi­
·cated by the strat~graphic and structural rela­
tions is confirmed by some of the fossils. Dino­
·saurs have long been known to occur in the 
post-Laramie be~s of the De;n ver Basin, and 

1 Spoclos common to Dawson arkose and Raton formation. 

principally,. if not wholly, because of ·them 
these beds have been regarded by many geolo­
gists as Cretaceous in age. However, dinosaur 
bones have been found in the Dawson ar­
kose 238 associated with a m~mal and plants of 
Tertiary age. The dinosaurs are not specific­
ally identifiable; hence, the correlation by fos­
sils of the Dawson a_rkose with the Denver and 
Arapahoe formations depe;nds on plant re­
Inains. According to Knowlton the Dawson 
flora is of essentia,lly the same age although 
less numerous than the Denver flora. It con­
tains 137 species, of which 98 have been de­
scribed and 35 (of the 98) are known to occur 
in the Raton formation of the Raton Mesa 
region. (See table, p. 60.) In brief, the 
stratiO'raphic and structural relations, as well 
as· all

0 

·of the known paleontologic evid~nce, 
found in the Dawson, Denver, a~d Arapahoe 
formations tend to prove that the lower part 
of the Dawson arkose is essentially equivalent 
t.~ the Arapahoe formation, and that the Den­
ver formation is equivalent to the higher parts 
of the Dawson. By means of the fossil plants 
these formations are correlated with the ;Raton 
fonnation of the Raton Mesa region and with 
the Wilcox group of the Gulf coast and are 
therefore to be referred to the early E<;>cene. 
(See fig. 1l, p. 169.) 

AREAS WEST. OF THE ROCKY M.OUNTAINS. 

FIELD INVESTIGATIONS . 

After .ha.ving determined that the coal­
bearing rocks of the Raton Mesa reg!on are 
divisible into two ·formations, .one of :Montana 
and the other of Eocene age, it seemed desira-: 
ble to determine the relations of these to simi­
lar formations west of the Rocky Mountains in 
southern Colorado and northern New Mexico 
where two c·oal-bearing formations occur. The 
younger had previously been correlated, though 
somewhat doubtfully, w.ith the. Laranrie; and 
the older, o~ Mesaverde, has long been assigned 
to the Montana. It is separated from the· so­
mtlled "Laramie" by a thick formation of 
marine shale-the Lewis. During the sum­
Iller of 1911 o.bservations were made in these. 
western fields and the results were published 235 

during the following year. Areas were exanl­
ined near Durango, in southwestern Colorado, 
in the type area of the Mesaverde formation; in . 
several places in the eastern part of the San · 
Juan Basin, .including Pagosa Junction, Dulce, 
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}.1onero, Cuba, and Cabezon; in the Rio Puerco 
field; the Tijeras ·field;. the Hagan field; and 
the Cerrillos field. (Seefig.12, p.173.) In the 
summer of 1912,. the writer, accompanied by 

· T. W. Stanton, n1arle a tour of investigation· 
fron1 Albuquerque to L1in1berton, N. Mex., 
when data were obtained that supplement 
those previously published. Other data have. 
sl.nce been gu,thered. The information· given 
in this paper,235 revised and brottght up to 
date, is givBn in the following pages. 

stratigraphic position and its lithologic char­
acter it is here referred provisionally to the 
Dakota. 

The so-called Dakota sandstone east of the 
Rocky Mountains in Colorado consists of two 
sandstones separated by a thin shale. This 
shale, together with the. und_erlying sandstone, 
has been proved to be of Washita '(Comanche) 
age, leav~g only the upper sandstone in the 
Dakota.187• 233 The writer has observed sinli­
lar relations as· far .south as Las Vegas, N. 
Mex. However, no rocks of Lower Cretaceous 

GEOLOG~C FORMATIONS. · 
age are known to exist west of the n~ountains 

GENERAL FEATURES. · ·(unless. the· Morrison formation be of Lower 
The formations -of northwestern New Mexico Cretaceous age); and the sandstone between 

and southwestern Colorado, described in this the _Mqrrison and the lowest shale of t:Qe Man­
part of the paper, ancl their age relations, are cos constitutes the Dakota in this part of the 
shown in a general way in tabular form belo"w. field. This sandstone was, found in all of the 
~ertain qu~stionable relations and modifica- coal fields here described, and the few obser­
tions will be desctihed beyond.· -vations made on it are presented ip. the fol­

Age relations of the Cretaceous and Tertiary formot·ions ·of 
north-central and northwestern New Mexico and south­
western Colorado. 

System and series. Group. Formation. Zone and member.a 

Tertiary 
U n d i ff e r e n- . 

tiated. 

Unconfotmity 

"Laramie" for-
mation. 

{Pictured C I i f f s 
sandstone. 

Lewis shale. 

Montana. Mesaverde for-
mation. 

Cretaceous (Upper 
Cretaceous series). . sandstone mem-

{Punta de Ia Mesa 

ber. 

.,; Cephalopod zone . 
"a .g 

Colorado. "' 0 
<:.> 

§ {Tres Herm a n o s 
~ sandstone mem-

ber. · 

Gastropod zone. 

I 
I Dakota(?) 

sandstone. -

a Names of zones and members are placed ()ppo&ite lines showing rela-
tive position in section. . 

DAKOTA (l) SANDSTONE. 

A quartzose sandstone, locally conglomeratic, 
occurs at the bruse of the Cretaceous system in 
north-central and northwestern New Mexico. 

·. ~ o fossils were found in it, but because of its 

lowing pages devoted to the presentation of 
details. 

MANCOS SHALE. 

The Mancos shale of central New Mexico 
includes the rocks; mainly shale, intervening 
between the Dakota sandstone and the Mesa­
verde formation. According to Schrader,2°o­
Gardner,212•222 and others who have traced the 
Cretaceous formations frcnn the Durango 
region eastward and . southward through the 
San Juan River _region this forn1ationis essen-· 
t~ally equivalent to the Mancos of southwestern 
Colorado.141 The present writer examined it at 
·three localities in the San Juan Ba-sin-near 
·Durango~ in southwestern Colorado, and near 
Monero and at Cabezon, in New Mexico. It 
is continuously 'exposed between Cabezon and 
the Rio- Puerco field, but east of the Rio Puerco . 
it disappears under Ter~iary and Qu.ate:fnary 
sand and gravel in the Rio Grande valley, and 
nothing is known there of its occurrence and 
extent. ~ast of the Rio Grande. the surface 
is occupied by Paleozoic and olde:r rooks of the. 
Sandia Mountain block, on the eastern slope of 
which the Mancos and younger rock forn1ations 
·reappear so ·little changed fron1 their appear-· 
ance on tlie Rio Puerco that even without the 
aid· of fossils it would be difficult to believe· 
that the forn1ations were not once continuous. 
between the two fields. This sin?-ilarity in the. 
lithologic and stratigraphic successio_n is.eon.;. 
firmed by fossils and leaves little doubt that 
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the sea in which the :Mancos shale was deposited 
extended frotn the San Juan Basin eastward 
over the !-lagan-Cerrillos region. 

'Vhe.n detailed observations are 1nade on the 
~1ancos of central and western New Mexico it 
will probably be subdivided into at least three 
for1nations, but. for the purposes of this paper 
it will be preferable to avoid· the introduction 

of new names and to make use of the zonal 
names adopted by I-Ierrick and Johnson,46 

as follows: 
The gastropod zone occurs near the base of 

the Ma;ncoa in a shale formation 35 to 100 feet 
thick, which, in the Rio Puerco field, contains 
lenses and concretions of earthy limestones that 
carry great numbers of f.ossils. · This shale, is 

. . 
l~!GURE 12.-1\fap or parts of Colorado, Now Mexico, Utah, Arizon~, and Wyoming, showin<: the positions of the coal fields described. 'l.'he 

largo numbers refer to localities of sections that have been correlated in another paper (Relation of the Cretaceous formations to the Rocky 
Mountains iu Colorado and New Mexico: U.S. Gaol. Survey Prof. Paper 95, pp. 27-58, 1916). 
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. readily recognized .in the other coal fields west its lower 700 feet or ·Inore, but its upper part 
of the mounti.lins here described but is not so seems to· be younger than the upper part of the· 
abundantly fossiliferous. In the Cerrillos field principal shale body of the Mancos in the Rio 
it contains thin beds of coal near its base and Puerco field, for·it contains fossils that range 
in the Rio Puerco field carbonaceous shale. upward through the Mesaverde .. The few 
It seems probable. that. this may be the horizon fossils found at the top of the Mancos near 
of some ·of the so-called Dako't~ coal of the Hagan were close to the basal sandstone of 
southwest. ·the Mesaverde, but in -the Cerrillos field this 

A series of· yellow sandstones alternating fauna -seems to extend downward several 
with gray shale lying above this shale is about hundred feet into the shale. In this latter 
-150 feet thick on the Rio Puerco and thinner field the Mesaverde has a measured thickness 
in some of the othe~ 'fields.-· It thi<?kens west- of about 2,400 feet. The lower part of the 
ward and thins eastward. Herrick and John- Mancos is clearly of Benton age and some of 
son called it the. Tres Hermanos san.dstone; the rocks are probably of. Niobrara age. The 
and this name may be used to designate ·the upper part contains a great numb~r of fossils 
zone containing the yellow sandstone that that belong in the fauna of the lower Montana. 
occurs near the base of the Mancos in all of the This occurrence of Montana fossils below the 
fields , described in oentral New Mmcico · west Mesaverde necessitates the . reference of the 
of the mountains. rocks containing them to a horizon near the 

The principal part of the Mancos shale occurs ' base of. the P_ierre. . · 
above the Tres Hermanos sandstone member.· . 'The fossil invertebrates of the Mancos are 
It is a more or less homogeneous shale 1,200 t<Y included with those of· the Mesave~de and 
2,000 feet thick in the Durango region, about Lewis in the following table, and their general 
1,000 feet thick in. the Rio Puerco field, and distribution is indicated therein. Unfortu­
considerably thicker in the fields. east of the nately a great many of the_species have never 
Rio Grande. It is not divisible lithologically, been described, and their generic_ names as 
but the fossils prove that it contains time· published in the table are of little value in_ 
equivalents of the Benton, the Niobrara, and correlation. 
some of the Pierre. The table contains only the names of fossils 

The determination .of the top of the Man- identified by T. W. Stanton from collections 
cos in the time scale involves some difficult made principally by the writer, and in small 
questions. In its type area in southwestern part ·by J. H. Gardner and others. The fact 
Colorado the Mancos includes at. its top rocks that many of these species havenever been de­
of supposed Pierre age.140 In the Cerrillos scribed may be of n9 serious consequence for 
field· ·the shale below the cpal-bearing rocks the purposes of this paper, for they seem to· 
seems to have about the same range, but in the have a somewhat restricted geographic distri­
Rio Puerco .field the upper part of the Mancos bution in New Mexico, ~nd, according to Stan­
is arenaceous, the lowest sandstone ·n1ember ton, their nearest. known allies occur far to the 
above the Tres H~rman.os-being the Punta de la ·southeast in Texas-; but it is hopeq ~hat so 
Mesa sandstone. This sandy portion of the well developed a fauna will be made. avdilable 
Mancos has not been separated fron1 the over- by proper description and illustrations for 
lying Mesaverde, and it was described by the purposes of correlation as stratigraphic work 
writer in his former paper 235 as the basal mem- is extended in the New Mexico coal fields~ 
ber of the Mesaverde on the assumption that Some additional species from thjs are.a have 
this formation extended downward to include been described by Herrick and Johnson, by 
all ofthe massive sandstones. However, later W. D. Johhson, ·and by Shimer _and Blodgett, 
inv-estigations show that the Punta de_la· Mesa but they are omitted from the following table 
sandstone occurs ·seve'ral hundred feet below. unless they are represented by identified speci­
the top of· the Mancos· shale as developed ,ml:ms in the· collections of the United States 
farther north. _ Geological Survey. 

East· of the Rio Grande the. Mancos shale i.s In a report on the fossils collected by the 
much thicker than it.is in the Rio Puerco field .. writer Stanton makes ·the following statement 
At Hagan it has a measured thickness of 2,116 covering both the Mancos and· the Mesaverde 

· feet.. ·A characteristic ~en ton fauna occurs in faunas: 
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The distribution of th'e faunas agrees with the field deter­
mination that the coal-bearing rocks of the Cerrillos, Hagan, 
'fijeras, and Rio Puerco fields all belong to one formation. 
In the Tijeras and Rio Puerco fields the marine fauna as­

, sociated with the coal occurs in rocks lying above ·part of 
the coal beds as well as immediately beneath them [as 
described by Lee·, who collected. the fossils]. 'fhis f.auna is 
closely related to the Cretaceous faunas of the Guif and 
Atlantic borders and is especially rel~ted to the fauna 
which occurs a short distance beneath the coal at San 
Carlos near the Rio Grande in western Texas. It appar­
ently does not extend far. northward, the most northern 
point at which. it has been found being in the neighbor­
hood of Cabezon. It is of course true that there are ·some 
similar and perhaps a few identical species in the Mon­
tana group faunas of Colorado and mqre northern areas, 'but 

the general association of forms and most of the· species are 
entirely different. Its horizon is that of the lower part 
of the Montana group not far above the horizon of the Aus­
tin chalk and the Niobrara limestone, and hence apparently 
somewhat lower than the upper part of the Mancos as de­
veloped in southwestern Colorado. It is my judgment, 
therefore, that the I?ase of the coal-bearing rocks in the 
central New Mexican fields mentioned is lower, perhaps 
by. several hundred feet, than the base of the Mesaverde 
in the neighborhood of Durango, Colo. It is worthy of 
note_that W. T. Lee's collections show a good development 
of the Benton fauna in the beds underlying those contain­
ing the fauna assodated with the coal, and that this Benton 
fauna is with some additions ess.entially the same as 'that 
in the lower 400 feet of the Mancos shale in it() type area 
and also in the Benton east of the mountains, in Colorado .. 

Distribution of Cretaceou~ invertebrates from southern Colorado and northern New Mexico. 

[Identified by T. w: Stanton.] 
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C'l 
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Actaeon intercalaris Meek .................................................. ·. . . . . . . . X ................... . 
Actaeon sp. (several undescribed species) .. ~ ................ ·:.:. X X . . . . X ? . . . . X ? X X ... . 

~~~w~~~~;·~~:-~~~~::·.·_·_-_ .. _-~::~~~:::::::~::::::::::::::::::::~~: -~- ·x· :::::::: ·x· :::::::::::::::: :·::: ::~: 
Anchura usiformis White (nut. Meek) ........................... - X ................ : . .................. ~ ... · 
Anchura newberryi Meek ................................. : ........................ X ................... . 
Anchura sp. (several species) .................................. X X .... X X . . . . . . . . . . . . ? ....... . 
Ancyloc.:.ras sp .................... · ......................... · .................................... :. . X X 
An~somyon patelliformis Meek and Hayden .................... , ................•...... , . . . . . . . . . . . . . . X ... . 

ta~:t~;f1{1LEU/}_:_:l:·s..-;//)/_///~ -~- / /~:~? < +: Y/: t/: }: 
v~cu a. mgm ornns vans anc .. h umarcl ......... · . . . . . . . . . . . . . . . . . . .. · . . . . . X ..................... 

1

. . .. X 
A Vlcula sp . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ... ·. . . . . .. . . . . . . . . . . . . . . . X . . . . . . . . X . 
Baculit.esanGepsvar.obtusus?lfeek ...... ; .................... ~ .............. X .... X X .... .' ... 1 ....... . 

~~~\\!E~~~J~~~u~-~--<><<<<<< :t >: :j: :~; :J: t < :J: :<> :~: 
Callistade. we.yiMeekand~ayden ........................ · ...... . : .. .... : ... ........ X ........ --··)···· ... . 
Callista pellucida............................................. . . . . . . . . . . . . . . . . . . . . X ....................• 
Cam ptonectes symmetricus Herrick and Johnson ....... · ....... ~ . X ....................................... . 
Cardmm bcllulum Meek ............................................................. X ................... . 
Cardium speciosum Meek and Hayden ...................... ~ .... : . . . . . . . . . . . . . . . . . . X. . . . . . . . . . . . . X ... . 
Cardium trite 'White? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . X ........................... . 
Cardium •P.· tveral species) ................ .- ................. X .X .... X. X .... X ~ } . :::: . ~. 

!ti!~¥i~~t~~t:f+\[\<~<><<<i>> :~: > < U U < U! :J: / < < 
Crassatclhtes cimarronensis '\Vhite ..................... _......... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 

~~~~~:~":Tr~Tf.;"f-·;;::;; :~::: ;::: .... ;~::::::;;~;:::? ~; r: ~:;:: ~:: ~: :J; :~: :~: :;! ;:;;: ~: 
Exogyra columbella Meek ...... .'................................ X X .............. :. . . . . X ............• 
Exogyra ponderosa Roemer: ............................................. • ... ·.. . . . . X .......................• 
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~:~c1~f:rff (Pi~~t~~hii{t~) ~p-. ·. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~:: ~ ~ -~ ~ ~ ~ ~ ~: ~ . ~. ~-~: ~ ~ ~: ~ . ~. ~: ~ ~ ~ ~: .: :: ~ ~ :::: :::: ~ ~:: . ~ · 
Fasciolaria s p . .................. ~ ......................... ~ . . . . . . . . . . ... '. . . . ? ._ . . . X . . . . . . . . ? . . . . ·X 
Fish scales .................. : .............................. ~ . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X .... . 
Fish vertebrae ........ ~ ....................•.. · ......................... ~ ..................... ·.. X . . . . X 
Fusus sp ........... ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X .......... , . . . . . X . . . . . . . . . . . . ? 

~~~~~:~~t?t<~--i~:·:· :_:~--~.:·:~~~--~~~~;:~~;: ~:; ~- ·--~ ~f:~ ::: ~~-; y~ ~~~: ~~: ;: ;;.; 
Heteroceras cheyennense Meek and Hayden ......................... : .. -................................. X 
Heteroceras sp .. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . X ................. : . . X ..... ·. . . . . . . X. 
Inoceramus sp. cf. I. n.cutiplicatus Stanton ............. ~ ......... ·. ~ ...... : .... · ....... _.. . . . . . . . . . X ....... . 
Inoceramus barabini Morton ............................. .'. . . . . . . . . . . . . . . . X ? .. : • X . . . . . . . . X . . . . X 
Inoceramus sp. cf. I. barabini Morton ............. :............. . . . . . . . . . . . . X X ....................... . 

~~~~:~::~! ~1~i~i~~ ~~~~~ -~~~~ _._._· ~: ~ ~ ·_·_·_· ~: ~ :·: ~ ~: ~ ~ ~ ~:: ~ ~: ~ : ~ ~ ~ . x. : ~-: ~ . x. -~: ~: ::: ~ : ~:: . ~. ~: ~: :::: :·: ~: 
Inoceramus sp. cf. I. dimidius White .... ~.......... . . . . . . . . . . . . . X X ................................ - · · · 
Inoceramus sp. cf. I. erectus Meek ......................... :. . . . . . . . . . . . . . . X . . ... . . . . . . . . X ........ · · · · 
Inoceramus fragilis H::tll and Meek ........... :.................. X X . ~.. ? ......................... :--
Inoceramus irregularis Johnson ................................... ~ . . . . . . . . . . . . X ........................ •. 
Inoceramus labiatus Schlotheim ........................... _.. . . . . X X . . . . X ............. : . .......... · - · 

~~~~:~::~: ~~i~~~i~8o~:ee::::::::·::::. ~: ~ ~ ~ ~ ~ ~ ~ ~ ~: ~ ~:: : : : ~:: : :: ~ ~ ::: : : ~ ~ . X. ~ :: : . X. ::: : ~ ~ :: ::: : : ~ ~ : ~ ~ 
. Inoceramus vanuxemi Me~k and Hayden ............ ~ ................. ·.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 
Inoceramus sp. cf. I. prox1mus Tuomey ........................................ X ....................... . 

tE'~~~:~.~:~~~~~~::::::::::::::::::::::::::::: ::::::::: . ~. :~: : ~:.:. :~::: :: :~:. ~ .. ~ :::: : ~: 
Leda (Yoldia) scitula Meek and· Hayden?......................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 
Leda sp ... · ·. · · · · · · · · · · · · · · . · .. · .. - ...... ·. . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . X X . . . . . . . . X .. · · X 

· Legumen sp. cf. L. planula tum Conrad ..... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ........ . 

t;!;e~f:~~r:::·::::~:~:~:::::::_:~~~~:~~~:~.:·:~~::::::::::::~~: -~- :::·: :~~: ·x· ~ '::~~ ~x· ~~:: :~:: :::·~ .. ?.~ 
t~~i~lb~·ca·y~~ii~) -~~d~t~-M"e~k ~;;ci ii~)rd"~~~ ~ ~ ~ ~ ~ ~ ~: ~: ~::: ~ ~:. ~ .. ~. ~ ~:: ·:?· .. x. ~: ~:. x ... ? ... x .. . i. ~ 
L~op~stha (Ps~lomya) sp ···~:·:~-- .............. ~. ~ .. _ .. · .. ~--_ ..... - X ..... · ... : .......................... -.... . 
L10p1stha (Ps1lomya) concentnca Stanton ................... :... X ................................ : ... : ... . 

~~~!~:j~~i;;r{~-~-\(iL!!1!!!!!!!!!!!.!!!!!!!!! ;~; 11~~ ~;;; :~: ;;;;: ~·: ~~;~ ;:?~:: ~~; ~··; ;~;. 
Mactra sp. cf. M. formosa Meek and Hayden ............................ : .... X ............ X X ....... . 
Mactra sp. cf. M. gracilis Meek and Hayden..................... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x ....... . 
Mactra warrenana Meek and Hayden ...................... " ....................... ~. . . . . . . . . . . . . . . . . . . . . X 
Mactra sp. (large form) .......................... · ................. ~ ....... ·... . . . . . . . . . . . . . . . . >< ........... . 
Mactra sp .. · .................... · ................................ ~ . . . X . . . . X X . . . . X X X . ? · X 
Marginaria nebrascensis Meek and Hayden .. : .......................................... ·. . . . . . . . . . . . . . . . . X 
Martesia? sp ........ · ........ · ................ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 
Metoicoceras sp: cf. M. swallowi (Shumard) .. : ............ , ..... X ...... .. : ............... · ................ . 
Meto~coceras puercense (Herrick and JohnE!on)....... .. . . . . . . . . . . X . ~ ..................................... . 

~~~i~~~~~~~-8~."::::·:::~::~::::~~~~-~~~~~~:~~~~:::~~:~~:~~~~~~~ -~- ~~~: :::::::: :~~~ :::::::::::: ·x· ~x- :::~ 
Mortoniceras sp. cf. M. delawarense (Morton) ......................... ·... . . . . . . . . X ............ · ........... . 

~lliT~~~~~::~+Y.Y/\·.-·~~;:;~~:;~~--:-:·;;;_;;;~:.· .i\ ·:i. :~;; .r; :~: -_:~ .-:~_ i:ii ;\~ ::_ .. ~-
N ucula, planimarginata Meek and Hayderi .......................... -............................ .' . . . . . . . . X 

~gr~r~~t~Lii~:~_:_:_~~~~~::~~~:~::~~-~~~:~~~:~~~~-~~~~~:~-~ :~: ~~:~ ~:~: ::: :~: ~~: :~: :~~ :~~ ~~:~ :~: 
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Lower 
part. Upper part. 

Mesaverde formation. 
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Ostrea elegantula Newberry ......... · .......................... · ........ ~... ? ? . . . . . . . . . . . . X .......• 
Ostrea inornata ............................ _. .................. ·. . . . . . . . . . . . . . . . . . . . X ...................• 
Ostrea lugubris Conrad ......................................... X X .... X ........................... . 
Ostrea sp. cf. 0. lugubris Conrad................................ .. .. X .. .. .. .. . . .. .. .. .. .. .. .. X ....... . 
Ostrea soleniscus Meek.......................................... . . . . . . . . . . . . X ........................... . 
Ostrea patina Meek and Hayden .................... :........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 
Ostrea pellucida Meek and Hayden .............................................. -... X .. .. .. .. .. .. ? X 
Ostrea subtrigonalis Evans and Shumard ... · ...... c .................................. X ................... . 

8:~~~~ ~~~~!~~i~~;~:\Vhii~?:::::::::: :·::::::::::::::::::::::::: :::: :·::: :::: . x. :::: :::: :::: :::: . ~. :::: :::: 

ll~li~;;:.::·:·:·::;;::;:::: :: ~ ::::::: l:;: ~: ~;;: ~:; ~;:;:; ; ~;; ~; :::;: i:; ~: ~ ~: ~ ~: ~ ~ ~ ; ~ ~ ~ ~; i ~; 
Pinnapetrina'White .......................... , ............... ,. X X ................................... . 
Pinna SJ? .•.................. -: ................... ' . . . . . . . . . . . . . . . X X . . . . X . . . . X . . . . . . . . X . . . . X 
Placenttceras mtercalaro Meek and -Hayden...................... .. .. .. .. .. .. .. .. .. .. X .. .. .. .. .. .. X X 
Placenticeras pla.num Hyatt.................................... . . . . . . . . . . . . . . . . X . . . . . . . . X X ........ · 
Placenticeras sanc~rlosense Hyatt .............. _... .. .. .. . .. .. .. .. .. .. . . .. .. ? X .. .. X ? X ....... . 
Placenticeras whitfioldi Hyatt ........ ."........ . . .. .. . . .. . .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. X X 
Placenticeras sp ..................................... · ............ X X .. .. X . X .. .. X .. .. . .. . .. .. X 

~}ic~~~~\~:;)~~ ~::. ~~~~~~ -f~~·~~ ·.::::::::: : :.::::::::::: :::: : : :: ::: : x .. x. : : : : : : : : . ~. : : : :. : : : : : : : : : : :: : :: : :::: 
Prionocyclus wyomingensis Meek ....... ~........................ X X .. .. X ..................... ; ..... . 

~~t~~~~~~~t: ;~~l~~~i- ~~~-t~~~ ·_:::::::::::: :.:::::::::::::::::::: . x. ;. :::: :.::: :::: :::: :::: :::: :::: :::: :::: 
p' t ' ? 

.~~~ifi;~~fhh);;_]j-~-~-;->;;;uu;;;;;;;;;;u ;j; -~: u > u ;;:: ~~~ ~J; ;~; !~! Y 
Scaphites sp. cf. S. hippocrepis Dekay.............. .. .. .. .. . .. .. .. .. . .. . .. .. .. .. X .. .. . .. . . .. . X ....... . 
Scaphites sp. cf. S. larvaeformis Meek and Hayden ............ ~.. .. .. .. .. .. .. X ........... : ............... . 
Scaphites sp. cf. S. vermiformis Meek and Hayden............... .. .. .. .. . .. . X · ........................... . 
Scaphites nodosus Owen ............................................................................ X X 
Scaphites sp. cf. S. nodosus Owen............................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ............ . 
Scap~tes warreni Meek and Hayden ................ : ........... X X .... X ............................ . 

1![~~~~~~-;-;·~~·:·:·~ ~ ~ ~::::: ~::::::: ~ ~ ~ ~ ~ ~ ~: ~ ~ ~ ~:::: ~::: ~ ~ ~ ~ ~ ; ~: : ~ ~ ~ : ~: ~ ~ ~ :: ~ ~ : ~: ~::: ~ ~ ~ ~ : ~ ~ ~ : ~:: : ~: 
Sttl.ntonoeeras pseudocostatum Johnson...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ? X ....................... . 
Syncyclonema rigida Hall ari.d Meek .................... ~....... .. .. .. . . X . .. . . . . . .. .. .. .. . . . . .. . . X X 
S yncyclonen1a sp .................... · ................ · ............ ' . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . X X X 
'l'tl.nci·edia americana Meek and Hayden ......................... I:... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. X 
Tellina scitula Meek and Hayden ................. ·~ ............. 1.... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. X 
Tellina modesta Meek ............................ , ................ : ......... ·x ........................... . 
'l~ellina? sp .......... .' ..... ~................................... . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . X 
Tellina?sp ..................................................... X ........ X : ... ........ X X X X 
Thetis cireularis Meek and Hayden ............................................................... :.. X .. .. 
~r~gonnrca (Breviarca) exigua Meek and Hayden ........................... ·.. .. .. .. .. .. .. .. .. .. .. .. .. X ... . 
'I r1go narc a sp ......................... · . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·. . . .. . 
1.'ritonium kn.nabense Stanton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ....................... · ................ . 
'l'un·is sp ............................. ,........................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ....... . 
Turritella gn.listeoensis Johnson.................................. .. .. .. .. .. .. . .. . X ....................... . 
Turritella sp. cf. '1'. whitei Stanton.............................. X X· ................................... . 
Turritella sp. (probably several species). . .. . . .. .. .. . .. .. .. . . . . . X X X . ~.. .. . . X . . .. . .. . X · ....... . 
V f'niella sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ....................................... . 
Volutoderma dalli (Stanton) .......................... : ............. X ................................... . 
~olutoder~a sp ........ :···-- -~-- .......... 

1 
.............. : .. .... • •• X ? .. .. ? ? ..... X .. .. ?· .... X 

\ olutom01pha novomencana Hernck am. Johnson .......................... , ................ X X ....... . 
Vo!nl:omorpha sp ................................................... X .... 0 ...... x ................. . 

47019°-17--12 
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MESAVERDE FORMATION. 

The Mesaverde consists principally ·of sand­
stone, shale, and coal. It is 423feet thicl{ near. 
Durango, Colo., and about the same at Monero, 
N. Mex., but is very much thicker farther 
south. Most of the sandstone is yellow and 
occurs in beds some of w]lich are massive and 
thick, alternating with shale. In .some places 
the sandstone is more· or less lenticular.· and 
contains irregular masses of impure limestone 
with great numbers of marine invertebrates. 
Some· of the shale also contains marine fossils. · 
These rocks alternate with those cont~ining 
beds of coal and fossil plants. ..:: 

Fossils were collected ·from the Mesaverde 
at many localities. ·Those· collected where 
the sections were measured are denoted by lot 
numbers which identify them in the collec-tions 
of the United States Geological Survey, and the 
same numbers are place<;! in the·· generalized 
sections in figure 13 to · mark the horizons 
from which. they came. Those collected at 
a distance ·from the measured sections are 
described apart from the sections. The spe­
cies of each lot are· named in the descrip­
tions of the several fields (pp. 18.5-217), 
and their general grouping is presented 1n 
the preceding table. · 

Fossil plants occur at certain horizons in 
the Mesaverde of all coal fields in central New 
Mexico and in some places are numerous and 
well preserved, but they seem to be rare in 
the Mesa verde of northern New Mexico and 
southern Colorado. A larg~ part of the flora 
consists of undescribed species and ~he lack 
of specific names in the table (pp. 175-177) 
is indicative not of poor material -but of 
undescribed material, which in reality com­
prises beautifully prese.rved plants. Unlike 
the invertebrates whose nearest allies occur 
far south, some of ·the plants although· not 
named are probably specifically identical 
with ·those from some of the coal fields t.o 
the north and east, and others a~e so s{mi~-: 
lar to species found in those fields that tb:ey 
indicate essentially the same age. 

The correlation by means of fossil plants 
of the Vermejo formation of the Raton ~1esa 
region with the coal-bearing formations west 
of the -mountains is discussed by Knowlton as 
follows: · 

The fossil plant material from the areas west of the moun- . 
tains is very extensive but is not yet fully worked up, in 
fact is largely new to science, which accounts for the short 
l!st of species. However, it is not probable that any mate­
rial· change of opinion as regards stratigraphic position will 
result from the complete elaboration. of the material, but 
rather that existing opinion will be strengthened by the 
recognition of a greater number of species common to the 
several areas. 

Bearing in mind the above limitations, we may ·first 
consider the Vermejo flora of the. Raton Mesa region. If, 
as· has been suggested, the beds immediately below the 
Trinidad sandston-e are to be correlated with the Lewis 
shale of the San Juan Basin, then the- overlying coal­
bearing rocks might on stratigraphic grounds be presumed 
to belong to the Laramie. The plants found in these 
beds do not bear out this contention, for they have almost 
no affinity with the typical Laramie of the Denver Basin,. 
only one species being common to the two. On the other 
hand, this flora has a positive and unmistakable affinity 
with the flor~ of the Mesaverde of the western "slope of 
the mountains, and, to go farther afield, with the flora of 
the Rock Springs coal group (Mesaverde) of Point of 
Roc.ks, Wyo. When we find that such well-marked and 
henc~ unmistakable species as Sequoia obovata, Wood­
wardia crenata, Ficus speciosissima, Ficus praetrinervis, Ficus 
wardii, Ficus starkvillensis, Sabal? ungeri (Geonon1,ites of 
some writers), and ~Myrica torreyi, and a number of others, 
equally well marked but unnamed, are common to the 
floras of the Raton :Mesa region and to one or. the other 
of. the areas above mentioned, we are ~nevitably led to the 
conclusion that they are essentially of the same age. 

On the west side of the mountains, in the Cerrillos, 
.Hagan, Tijeras, Rio Puerco, and Cabezon coal :(ields, the 
floras under discusSion occur mainly in <'oal-bearing beds · 
400 to 600 feet above the base of the Mesaverde of this 
region, though some of them also range somewhat higher 

·in the Montana, ·especially in the Durango field to the 
north. The relationship between these floras and that -
at Point of Roc:ks; Wyo., is rendered even closer than that 
already mentioned between the Raton Mesa region and 
Point of Rocks' .by the addition of such forms as Neluntbo 
intermedia, Trapa microphylla, Salix·stantoni?, etc. There 
can be no doubt, it seems to me, that the floras of the 
Raton Mesa region, of the central and western New Mexi­
can fields, and of the Point of Rocks field are essentially 
identical and hence perforce are of essentially the same 
age. 

Collections of plants obtained near Dulce, N. Mex., 
and near Pagosa Junction and Durango, Colo., from coal­
bearing rocks above the Lewis shale have_been referred 
to the so-called "Laramie" of this region. These collec­
tions. are very full and embrace a number of easily recog_ 
nized species; hence their identification is satisfactory 
and complete. They prove clearly that these beds do 
not belong to the -Larainie, for so far· as known to the 
writer not~ 13ingle species in them has ever been found in 
beds of Laramie age. On the other hand, the plants be­
yond question belong to the Montana, for they include, 
for instance, Ficus speeiosissirrw, Ficus pra~trinervis, Ficus 
starkvillensis, and Sabal montana, which link them with 
the Mesaverde floras to the south and with the Vermejo 
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flora already discussed in the 
Raton :Mesa region. (See 
p. 54.) Associated with 
these, however, and tending 
to give them a slightly 
higher position although still 
within the Montana, are 
such forms as Brachyphyllum, 
Ounninghmnites, Geini tzi~, 
and Sequoia, all· of which. 
are beyond doubt Montana 
t)'pes never found in the Lar­
an:tie. 

A number of collections 
were made by J. H. Gru.'dner 
in the· Ignacio quadrangle, 
east of Durango, . Colo., from 
beds regarded as the . '' Lru·a­
nue" of that area. The 
plants in these collections, 
almost species by species, arc 
identical with the forms from 
Dulce and near Durango, and 
I have no hesitation in say­
ing that they occupy the 
same stratigraphic position 
and are the same in age, viz, 
:Montana. 

The lower Montana 
age of the principal coal­
bearing formation. indi­
cated by the fossil shells 
hns already been stated 
In the quotation. from 
Stanton (p. 175). The 
fossil plants indicate tl;w 
satne age, although some 
or' the species occur at 
Coalville, Utah, in rocl(s 
generally regarded as 
older than Mesaverde 
and others In the so­
called ''Laramie'' above 
the Lewis shale. 

An effort was 1nade 
to ascertain the relation 
of the coal-bearing rocks 
of central New :Mexico 
to the :Mesaverde fornla­
tion of southwest Colo­
rado, where this for-
1n11tion was originally 
named. Schradertraced 
the typical :Mesaverde 
from Durango eastward 
and southward around 
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the San Juan Basin, but, not being satisfied that. 
the coal-bearing rocks near Cabezon are to be 
correlat~d directly with the typical Mesaverde,. 
he described. them as the "lower Montana 
coal group; relation to Mesaverde unknown.'' 
However, Gardner, who later examined the 
sanle rocks, referred them definitely to the 
Mesaverde.212, 222, 223 

The p~esent writer visited the Durango· 
region for the purpose principally of acquaint­
ing himself with the rocks. originally nan1ed 
Mesaverde. It was thought that this region 
would be favorable for the collection of fossil 
plants, the Mesaverde coals having been exten­
sively mined there. He also examined the coal­
bearing formation at Monero, N.Mex., and was· 
convinced, as,others.have been, that it is equiv­
alent to the Mesaverde of the Durango region. 
IIowever, it was noted that the Mesaverde at 
Monero is only a few hundred feet thick (pro b­
ably about the same as in the Durango region, 
where it is only 423 feet), and that the Mesa­
verde of Gardner's Arroyo .Torreones section, 222 

measured a few rriiles northwest of Cabezon, is 
.more than 1,300 feet thick. 

It seems evident that the. Mesaverde· of the 
Torreones section includes more than the Mesa­
verde of the Monero section. It has been 

shown el<sewhere in this paper that the basal 
sandstone of the Mes~verde is probably the 
same in both places and· that the upper part 
of the Mesaverde of the Torreones section is 
probably the time equivalent of the lower pa~t 
of the Lewis shale of the Monero region. 

A somewhat hasty examination of the rocks 
between Monero and Cabezon. convinced the 
writer that the base of the Mesaverde as de­
scribed by Schrader. and· Gardner is essentially 
the same at both localities, and that the upper 
part of it near Cabezon is probably equivalent 
in age ~o the lower part of the Lewis shale as 
developed near Monero. This has been de­
scfibe~ in a paper by the writer previo~sly 
published. 245 The coal-bearing formation of 
the Rio Puerco field is essentially equivalent in 
age to the Mesaverde of the San Juan Basin but 
is underhtin by sandstone and sandy shale, for­
merly . included in the Mesaverde but now 
known by lateral· tracing .to be equivalent in 
age to the upper part of the Mancos shale. In 
brief, it may be stated that, except for the 
variations noted in the upper and lower limits 
of the formation, the lower group of coal-bear­
ing rocks of all the fields here described that 
lie in central New Mexico west of the mountains 

. is stratigraphically identical with the Mesaverde 
of the San Juan Basin. 
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CORRELATION OF FORMATIONS WITH THOSE OF OTHER REGIONS. 

LEwis SHALE. near Durango and nearly as thick in the south-
The Lewis shale is known to ·occur in the ern rim of the basin,212 but is thinner in the 

region described in this paper in the San Juan eastern rim, probably owing to post-Cretaceous 
Basin only. It is 1,600 feet thick near Purango erosion. At Dulce it is only 225 feet .thick.· 
on the northern rim of the basin and is p'ossibly This formation lies conformably on the Lewis 
thicker in some other places. According'·to shale, and (probably for this reason more than 
Schrader 200 its ma..xiinum thickness is 2,500 for any other) it has been .called Laramie,· 

~ feet. It thi!lS sharply southward, and at its although CroSS 141 several years ago called at­
outcrop in the southern parts of the f>a.Sin tention to the fact that investigation had 
is about 200 feet thick.222 Gardner 212 st!l;tes "failed to bring to light valid ground for 
that it is 2,000 .feet thick near Gallina-' iuid. assigning· any of the beds in _question to the. 
that on the Arroyo Torreones, about 30 miles Laramie, while there is some reason to believe 
·Southwest of Gallina, it is only.250 feet thick:,~ lthat.mo;re than the lower sandstone belongs to·· 
No explanation of this great variation in thick- the Montana group." Since that time a con­
ness can. be given, but the suggestioli pre~ siderable number of fossils, both inver.tebrat~s 
viously not(<Jd semns pertinent, that the Lewis and plants, have been collected from . these 
n1ay . become sandy and coal bearing to the beds in. the Durango region. .The base ·of the . 
south and may thus be equivalent in age to formati.on, the Pictured Cliffs sandstone, con­
the upper part in the Mesaverde of the Cabezon tains nu1rit1e arid brackish-water invertebrates, 
region. In this comiection it may· be· ~oted and the lower part of the coal-bearing rocks. 
that a shale of. marine origin neariy twice as above this sandstone contains brackish-water. 
thick as the Lewis of ~he Arroyo Torreones and fresh-water invertebrates. Several of these 
section occurs in the midst of the Mesaverde fossils occur· in the Mesaverde of other fields. 
in the Rio Puerco field and that a sandy shale But higher in the formation the writer found 
of marine origin of nearly the same thickness fres4-water·~ invertebrates which Stanton re-. 
occurs in the Tijeras' field above the principal gards as L_a~amie·, together with fossil plants 

· group of coals. Because the· fossils from these which Knowlton regards as older than· Lara­
shales do not 'differ notably from those of the mie. The fossil plants have been included in the 
coal-bearing rocks above and below them the table on pages 181-182, from which and from' 
shales are regarded as probably parts of the the accompanying .statement by Knowlton it 
Mesaverde formation. .IIowev~r, it is entirely .will be seen that the flora differs but little from 
possible that when the faunas and floras of that of the Mesaverde and is regarded as indi-
this region are better known some Qf the rocks eating Montana age. · · 
here described as Mesaverde may. prove to.·be The name "Laramie" is here used for this 
equivnlent in age to ·a pitrt of the Lewis shale. formation, not because the writer wishes ·to 

Few fossils have hitherto. been collected from argue for the Laramie ·age of the rocks, but 
the Lewis shale of the southwest. Baculites because the name is in use and because in this 
asper 141 was found in it in southwest CoJorado, par~ o.f the paper he is. intentionally avoiding 
and . a few foss~ shells were found by Gardner the introduction 9f: new formation names. It -
southeast of Raton Springs. These, together must be noted, however, that though the for­
with the shells collected by the present writer mation is· called ".Laramie," it contains a flora 
near Dulce (localities 7200 and 7201), are suffi- which, according to Knowlton, denotes Montana 
cient to make rather definite the correlation of age and includes nothing in common with the 
the Lewis shale with the top of the Pierre of the Laramie flora of the Denver Basin. 
Ratoncoalfield. Thefossilsarenamedandtheir Whether the formation will eventually be. 
relation to those collected in the Raton field called Laramie or be designated in some other 
indicated in table of invertebrates (pp.17 5-177): way depends largely on the final use of that 

· . · somewhat migratory name. But in view of 
"LARAMIE" FO~MATION. the· fact· that many of the species of marine · 

The "Laramie" formation occurs within the and . b.rackish-water .invertebrates from the 
area described in this part of the· paper only lower part of.the formation occur in the Mesa­
in the San Juan Basin. It is 600 feet 'thick- verde ·of other localities,- as for 'example in 
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the Grand Mesa field of western Colorado; 
that many of the invertebrates are species of 
fresh-water origin which many geologists 
regard as unreliable for purposes of correla­
tion; and that the plants are of Montana types, 
serious doubt is cast on the Laramie age of the 
formation. 1 · 

TERTIARY AND LATER FORMATIONS. 

It is not the purpose of the writer to enter 
at_ this time int<? a discussion .of the ·Tertiary 
and later formations of New Mexico further 
than is necessary to sh9w that in all of the coal 
fields described rocks of probable· Tertiary age 
lie unconformably on rocks of unquestioned 
Cretaceous age. In the Durango region the 
"Laramie" is o-yerlain unconformably by the 
Animas formation, which has been regarded 
generally as the time equivalent of the Denver. 
This correlation places the Animas formation at 
the base of the Tertiary according to the. classi-
,:fication advocated in this paper, and the writer 
has accepted this correlation because of . the 
structural relations.249

. Rocks that seem ·to 
be equiyalent in age to the Animas rest-uncon­
formably on the "Laramie" near Pagosa Junc­
tion, Colo., and at Dulce, N. Mex. Farther 

· to the south in the San Juan basin -the oldest 
known Tertiary rocks-the Puerco formation­
lie unconformably on the ''Laramie'' in some 
places and on the Lewis shale in other 
places. 223 -

In the Rio P":l~rco field rocks that are litho­
logically similar to the Wasatch .of the San 
Juan· basin lie unconformably on the Mesa­
verde. They are varicolored, with yellow, 
pink, and· red shales predominating, and 
although they ~ave ne~er been measured they 
are comparable in thickness to the Tertiary 
formations of that basin.. These rocks consist 
of sandstone, conglomera~e, and shale, all of 
which are poorly consolid~;tted. The upper part 
is light colored and seems to be referable to the 

1 Since this paper was written detailed work has been done in a 
small area in northwestern New Mexico that includes· the sO:.called 
"Laramie" formation. Tho rocks were subdivided by Bauer,201 who 
gave local names to the subdivisions. The fossil dinosaurs collected by 
Bauer's party have been studied by Gilmore,25Ia who concludes that· 
the beds are older than Lance and probably synchronous with the 
Judith River and Belly River formations. Stanton25Ib has studied 
the _fossil invertebrates and states that tho beds "may include the 
equivalents of everything from the Fox Hills to the Lance, inclusive." 

. Knowlton251o has studied the fossil plants and concludes that the 
plant-bearing beds, "the Fruitland and Kirtland formations, are of 
M?ntana age." 

Santa Fe marl, the type locality of which is a 
few. niiles east of the Rio Puerco field. 

No rocks referable to the Tertiary were 
found in the Tijeras field, but in the Hagan 
field a series of beds comparable in thickness,. 
lithologic character, and general appeara~ce to 
the Tertiary of the Rio Puerco field rest uncon- . 
formably on the Mesaverde. These beds con­
tain great quantities of petrified wood, but no 
other· fossils were found·· in them that make 
possible the determination of their age. - The 
Hagan and Rio Puerco fields are only about 30 
mile~ apart, and it is difficult to believe that 
the rocks of tl;lese two :fields, which are com­
parable in every o.ther ~ay, differ in age to 
any great extent. · 

In the Cerrillos field, rocks that are litho-
·logically similar to the Tertiary rocks of the 
Hagan andRio Puerco fields and the San Juan 
basin, ·lie unconformably on the Mes~verde. 
They constitute a formation known as the 
Galist~o sandstone, the lower part of which 
·consists of conglomeratic sandstone and. shale 
identical in character. and appearance to those 
of the Hagan field 10 miles to the west, but the 
upper parts are coarser and contain large 
angular block_s .ofmany kinds of rock, including 
quartzite and crystalline rocks such· as are 
now exposed in the mouil tains a few miles to 
the northeast, limestone containing Carbonif­
erous fossils and sandstone. Rock formations 

. . ' 
from which these blocks were probably derived, 
are now found upturned and _eroded on the 
flanks of the mountains. The Galisteo sand­
stone is many hundreds of feet in thickness 
and may include two or more formations, but 
it has not been studied with a view to subdivid-

-ing it into formations or of making exact 
correlations with formations of other :fields. 
The_Galisteo is the· so-called ''Cretaceous· red 
beds'" of the C~rrillos :r:egion. Hayden,29 who 
named the formation,Jegarded it as Tertiary, 
and correlated itwi:th the "Monumen.t Creek" 
of the Denver region,_ the lower part of which 
has recently been named the Dawson arkose 234 

and·correlated with 'the Arapahoe and Denver 
formations .. J. J. Stevenson 89 failed to sepa­
rate the Galisteo from the underlying coal 
measures and referred both formations to the 
Laramie. D. W. Johnsori 1 ~ 1 also failed . to. 
recognize the unconformity at the base and 
included the lower part of the Galisteo sand-
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stone in his Madrid group, which he· referred to 
the Fox I-Iills. lie referred the upper .part of 
the Galisteo to the Laramie. Little has been 
found in the Galisteo to establish its geologic 
age. It contains great numbers· of petrified 
logs, which are beautifully preserved in exter­
nal form, but the cellular structure of the wood 
is not well retained and no specific identifica­
tions have been made. The best-known local­
ity at which these logs occur is a few miles east 
of Cerrillos in the· so-called petrified forest, 
where there are many logs 25 to 75 feet or more 
in length. Logs have been found in this forma­
tion in many other places in a much better · 
state pf preservation. Fossil leaves have also 
been found in a few places, but their preserva­
tion is poor and few have been specifically 
identified. All things considered, it is probable 
that the Galisteo san'dstone should be corre­
lated with Tertiary formations farther west that 
are similar to it in character and stratigraphic 
position. (See flg. 13, p. 179.)-

LOCAL FEATURES IN DETAIL. 

DURANGO. 

In 1899 Whitman Cross 141 published a sec­
tion of the Cretaceous rocks that has become 
the standai·d · for southwestern Coiorado and 
western New Mexico. The section divides the 
Cretaceous into Dakota sandstone, Manco·s 
shale (equivalent in age to Benton~ Niobrara, 
and a part of the Pierre), Mesaverde formation, 
Lewis shale, Pictured Cliffs sandstone, and a 
series of coal-bearing rocks which had. pre­
''iO~lsly been referred to the Laramie formation, 
but whose identification was questioned by 
Cross.1 The Pictured Cliffs sandstone is now 
regarded as the basal member of the ''Laramie'' 
formation. The Animas formation, lying un-
. conformably on the so-called Laramie., was 
correlated with the post-Laramie formatiqns of 
the Denver Basin and elsewhere w)lich were 
then generally referred to the Cretaceous, but 
which are now referred to the Tertiary. · 

This subdivision of the Cretaceous finds ex­
pression in a section measured by J. H. Gardner 
a few miles east of Durango · for use in the 
Ignacio folio of the United States Geological 
Survey, now in preparation. At the writer's. 
request Gardner prepared the following section,: 

1 See footnote, p. 184. 

Section of rocks measured on ~lorida River near Durango, 
Colo. (except the Wasatch, which was measured farther 
east). ' 

[Data furnished by J. H. Gardner.] 

Wasatch formatio~: 
Sandstone, massive ledges, coarse grained, 

tan-colored, with thin beds of shale .... ~ 
Sandstone alternating with beds of shale .. 
Sandstone, massive, tan-colored .......... . 
Shale, variegated, and thin .sandstone ..... . 
Sandstone, massive, coarse grained, gray .. 
Shale, graY, and drab ......... ; .......... . 
Sandstone, tan-colored, coarse grained, 

with lenses of colored quartz and chert, 
about the size of a bird egg ........... ~. 

Shale, variegated, with lenticular beds of 
brown and gray sandstone ............. . 

Shale, variegated with benches of . gray 
sandstone and thin ferruginous sand-
stone and sandy shale ................ . 

Sandstone, massive, soft, gray .......... . 
Shale, variegated ..................... .. 
Sandstone, massive, coarse grained, dark 

gray but locally purplish-brown ........ . 
Shale, variegated with brown, reddish, 

gray, and drab,· with thin beds of brown 
and. gray sandstone~ ... ." .............. . 

Shale, brownish and reddish, with lenses 
of. conglomeratic sandstone; pebbles of · 
colored quartz and chert chiefly .. ~ ... . 

Shale, yellowish and gray ............... . 
Sandstone with small pebbles of quartz ... . 
Sh~le, yellowish, d~ab, and gray ......... . 
Shale, tan-colored and reddish at the base, 

containing Platanus raynoldsii Newberry? 
at the base (U. S. Geol. Survey fossil lo-

Ft. in. 

so 0 
70 0 
20 0 

100 0 
30 0 
50 0 

20 0 

400 0 

660 0 
20 0 
50 0 

4 0 

325 0 

85 Q 
.50 0 

1 0 
GO 0 

cality 5666) ... ~. ~ .... · ............ :.... 250 0 

Lithoiogic contrast; unconformity not percept­
ible where section was measured. 

Animas formation: 
Sandstone, massive, tan-colored, micaceous· 

with greenish igneous depris, alternating 

2,275 0 

with yellowish shale.. .. ... . .. .. .. .. .. .. 50 0 
Shale, brown, drab, gray, and somereddif:lh. 75 0 
Sandstone, tan-colored, alternating with 
· heavy beds of brown, greenish, drab, 
and _.yellowish shale, containing Ficus 
sp., Laurus sp., Platanus cf. P. guillelmae 
Goppert, 109 feet from the top (U. S. Geol. 
Survey fossil locality 5455), ap.d Arto­
carpus lessigiana (Lesquereux) Knowlton 
and Nyssa racemosa? Knowlton, 275 feet· 
from the top (U. S. Geol. Survey fossil 
locality 5667). .. .. . . .. . .. . .. .. .. .. .. .. 855 0 

Sandstone; greenish gray, with small igne-
ous pebbles one-fourth inch in diameter 
in irregular zones. ~ ....... -.. . . .. .. . . . . · 50 0 

Shale and sandstone, greenish, locally ~on-
glorrieratic ..................... ·. ~ . . . . 250 0 
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Animas tormatioii-Continued. 
Shale, greenish ........................ . 
Sandstone, greenish and pink with pebbles 

of schist and quartzite chiefly; pebbles 
1 to 10 inches ....................... . 

· Shale, greenish .................. ~ ..... . 
Sandstone, greenish gray, coarse, friable ... . 
Shale, greenish, and conglomeratic sand-

stone .... · ............................ . 
. Shale, carbonaceous .•.................. 
Shale, drab ........ ~ ......... , .......... . 
Shale, carbonaceous ..................... . 
Shale, greenish, with si.licified w.ood ..... . 
.Sandstone, gray and ferru~nous, with sand-

stone concretions ...................... . 
Shale, dark red, bluish, and drab ........ .. 
Sandstone, argillaceous, with andesite and 

other igneous pebbles and tuffs ...... · .. 
Sandstone and shale with igneous matrix 

and pebbles ........................... . 
Shale, greenish and purple .............. . 
Sandstone, yellowish ............ : . ...... ~ .. 
Shale, greenish, purple, and bluish ...... . 
Sandstone,· massive, poorly ·consolidated, 

yellowish-white, and cross-bedded; con­
tains Ficus planicostata Lesquereux at 
the base (U. S. Geol. Survey fossil local-
ity 5456) .... _ ......................... ~ 

Sandstone, ·argillaceous, and some sha.Ie; 
igneous matrix ......................... . 

Tuff, coarse fragments of different composi-
tion .................................... . 

Shale, re.ddish alternating with dark con-
glomerate and ·sedimentary debris ..... . 

Tuff, reddish and pink, coarse grained ... . 
Sandstone, brown, fine grained; with round 

sandstone concretions.: ................ . 
Shale, irregularly bedded, gray, friable .. . 
Sandstone, brown., coarse grained; igneous 

matrix ................................. . 
Sandstone, yellowish and locally reddish. 
Sandstone, drab-colored, weathers reddish; 

igneous matrix .... · ...................... . 

Unconformity by erosion, ·and discordance of 
dip. 

"Laramie" formation (upper part): 
Shale. yellowish, ~th sometimes a white-

sandstone near the top ................ . 
Shale, drab-colored, with some thin sand-

stone .................................. . 
Sandstone, massive, light co~ored ........ . 
Shale, tail and gray ..................... . 
Sa!!dstone, massive, soft, gray ........... . 
Shale and soft sandstone containing at the 

base (U. S. Geol. Survey fossil 6063) Unio 
holrnesianus White, Unio sp., Corbicula 
sp., Corbula subtrigonalis Meek and Hay­
den, Tul~toma thompsoni White, Gonia-
basis? sp., Campeloma? sp .............. . 

Ft. in. 
60 0 

20 0 
15 0 
10 0 

20 0 
1 0 
2 0 
1 0 

81 0 0 

.10 0 
250 0 

20 0 

·20 0 
50 0 
20 0 
20 . 0 

50 0 

85 0 

12 0 

28 0 
7 0 

8 0 
1 8 

4 0 
1 0 

15 0 

2,091 8 

50 0 

100 0 
20 0 
90 0 
12 0 

20 0 

"Laramie" formation (upper part)-Contd. 
Sandstone, massive, rather hard, gray ... ·.· 
Shale, brownish, and thin, soft sandstone. 
Sandstone, friable, gray .......... · ........ . 
Sandstone, brown, containing .Brachyphyl-

lwn macrocarpum Newberry and Sequoia 
reichenbachi (Geinitz) Heer (U. S. Geol. 
Survey fossil locality 5462) ............ . 

Sandstone, gray ................. : . ........ . 
Shale and some thin sandstone ........... . 
Shaie and thin sandstone, containing 

Sequoia reichenbachi (Geinitz) · Heer, 
Carpites sp., Juglans sp., Salix sp.?. 
(U. S. Geol. Survey fossil locality 5463). 

Coal bed ............................ . 
Shale and thin sandstone ................ . 
Sandstone, soft in several beds ........ · .... . 
Shale ................................... . 

Coal bedC .............. : .......... :. 
Shale, carbonaceous ........... ~ .......... . 

Coal bed ............................ . 
Shale, dark and drab ............. · ...... .. 
.Sandstone, massive, gray with calcareous 

layer near base ....................... . 
Sandstone and shale, containing Pholas? 

sp., Goniobasis? sp., Campeloma? sp., Vi­
viparus sp., 43 feet above the base (U. S. 
Geol. Survey fossil localjty 6064) and 
fossil plants at the base .............. · .. . 

Shale, containing both fresh-water and 
brackish-water invertebrates as follows: 
Unio brachyopisthus White, Unio hal- · 
mesianis White, Unio. 2 undescribed (?) 
species, Sphaerium sp., Martesia? sp.; 
Viviparus sp., Campeloma? sp.; Tulotoma 
thorn:psoni White, Ostrea sp., Corbicula 
sp. related to C. subelliptica Meek and 
Hayden,. Corbicula sp., Corbula sp., 
Melania sp.· (U. S. Geol. Survey fossil 
localities 6071, 6072, and 6074) ........ . 

Coal bed B ............... · ........... . 
. Shale and thin sandstone, containing, 15 

feet from the top (U. S. Geol. Survey 
fossil locality 6065); Ostrea sp., An.omia 
·sp., Modiola laticostata ·white, Corbula 
subtrigonalis Meek and Hayden?, 20 feet. 
from the base (U. S. Geol. Survey fossil 
locality 5453) are the fossil plants Sequoia 
reichenbachi (Geinitz) Heer, Quercus sp., 
and at the base (U.S. Geol. Survey fossil 
locality 6068) both shells and plants, 
Anomia sp., Corbula subtrigonalis Meek 
and Hayden?, Cypris? sp., and Melania 
sp. ~nd (U.S. Geol. Survey fossil locality 
5451) Brachyphyllum macrocarpum New­
berry,· Geinitzia ]ormosa Heer, Sequoia_ 
reichenbachi (Geinitz) Heer ........... _ .. 

Coal bed A ........................ .. 
Shale, dark and drab .................... . 

Ft. in: 
20 0 

320 0 
6 

2 - 0 

15 0 
30 0 

19 0 
1 0 

10 0 
35 0 
. 8 0 

3 1 
15 0 

8 
20' 0 

50 0 

150 0 

10 0 
12 2 

50 0 
3 0 
4 0 

1,090 5 
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Pictured Cliffs sandstone member of "Laramie" 
. formation: 

Sandstone1 gray, massive, top of Pictured 
Cliffs sandstone (U.S. Geol. Survey fossil 
localities 6067, 6069, 6070), containing 
bo.th invertebmtes and plants, Ostrea sp., 
Inocermnus barabini Mortimer, Cardium 
speciosum Meek and Hayden, Tellina sci- . 
tulaMeek and Hayden, Anomiasp., Cor­
bula subtrigonalis Meek and Hayden?, 
and (U. S. Geol. Survey fossil localities 
5446 and 5448) Geinitzia formosa Heer?, 
Abiet·ites dub ius Lesq uereux ............ . 

Shale, drab ............................. . 
Sandstone, massi:ve, brownish ........... . 
Shale, carbonaceous and coaly ............ . 
Shale, drab ............................. . 
Sandstone, massive, gray ............... . 

· Sandstone, massive; gray, with some alter­
nating shale beds, bottom of Pictured 
Cliffs sandstone (U. S ~ Geol. Survey fossil 
locality 6066), containing at the base 
Ostrea sp., Inoceramus sp., Corbula sp., 
Odontobasis? sp ............... · ........ . 

Transition sandy shales with beds of sand-
stone 6 inches to 1 foot thick .......... . 

Dakota sandstone and sandstones at base of 
Ft. in. Mancos-Continued . Ft. in. 

75 
15 

6 
3 

10 
10 

75 

.200 

Shale and thin sandstone with local car:. 
bonaceous layers and thin coal beds. . . . 100 0 

Sandstone, massive, gray, quartzose....... 15 0 
----

225 ·o 

9,698 11 

. In order to correlate the formations de­
scribed fr:om central New Mexico with those 
of the Durango region the writer made· a 

~ somewhat hasty trip to Durango, where the 
0 Cretaceous formations are well exposed along 
o Animas River. Careful search was made for 
o fossils in the Mesaverde, Lewis, and "Lara-
0 mie" formations. None was found in. the 

Lewis, and the Mesaverde was disappointing 
collecting ground, although a few shells and· 
poorly preserved fossil plari..ts were found in it. 
Half a mile west of Twin Buttes, at the mouth 

394 .0 
Lewis shale .. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 600 0 

0 of the gulch entering Lightner Creek from the 

0 
west (U. S. Geol. Survey fossil locality 6043), 
Equisetum sp., Sequoia r.eichenbachi (Geinitz) 
I-Ieer, fern, Quercus sp., Quercus n. sp., palm, 
and Ficus sp. were fowid, but most of them 
are too poqrly preserved to be specifically 
identified. In this gulch, half a mile farther 
west, Baculites anceps -var. obtusus Meek was 
found above the main coal beds. A single 
palm; Sabal?. ungeri (Lesquereux) Knowlton 
was found on the dump of an old mine in the 
Mesaverde coal, which opens in the gulch 
about a mile south of the Durango smelter 
(U. S. Geol. Survey fossil locality 6046); and 
on the dump of another mine in Horse Gulch, in 
the same coal measures, . about half a mile· 
east of Durango (U. S. Geol. Survey fossil. 
locality 6048), Ficus type of F. lanceolata 
Heer and Ficus sp. were found. The fossil 
plants seemed to be confined to · very re­
stricted zones closely associated with the coal. 

Mesaverde formation:· 
Sandstone, massive, light gray .......... . 
Shale and sandstone .... : ........... · ..... . 
· Coal bed .......................... . 
Sandstone and shale ..................... . 
Sandstone, massiye, gray ... ::. ....... :· .. . 

Coal heeL ........................ .. 
Shale and sandstone ................... . 

Coal bed .............. · ............. -
Shale ............ :.· ................... . 

Coal bed .......................... . 
·Shale ............... : ............... ~ .. 

Co~l bed ........................ : .. . 
Shale and sandstone ...................... . 

Coal bed ................. ~ ........ . 
Shale ................................. . 
Coal streak sometimes present here. 
Sands~one, massive, gray; containing Ficus 

lanciolata? Heer ....................... . 

10 0 
80 0 

10 
170 0 

20 0 
2 7 

28 0 
1 8 

12 0 
2 0 
8 0 
1 3 

12 0 
4 6 

10 0 

60 0 

Mancos shale: 422 10 Baculites anceps var. obtusus Meek was found 
Shale with tmnsitional'beds of thin sand- in the Mesa verde aoove the . coal in several . 

stone an!f shale at the top, containing places near Durango. Such· limited observ.a 
Gryjphaea newberryi Stanton, 1,200 to tions as were made iri this region gave the 
2,000 feet thick; 60 feet above the base .. =1='=60=0==·0 impression that the Mesaverde is here essen-

Dakota sandstone and sandstones at base of tially a marine formation, and this seems to be 
Mancos: verified by the work of other geologists. 

Sandstone, massive, gray, quartzose.··:·.· 20 ° Fossils collected from the Mesaverde several 
Shale, dark and gray, with local tllin coal 

b 1 d 1 I d t 4·0 0 Y. ears abO'O and identified by Stanton are as fol-ec san somes 1a ysan s one ......... . 
Sandstone, massive, gray, quartzose....... 50 0 lows: 
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Mesaverde fossils fro;, southwestern Colorado. 

· [Collected by Robert Forrester.] 

Anchura newberryi Meek: 
Acteon intercalaris Meek. . 
Baculites anceps var. obtusus Meek. 
Baculites compressus Say. 
Callista deweyi Meek and Hayden. 
Cardium bellulum Meek. 
Cardium speciosum Meek and Hayden. 

-Dentalium sp. 
F~ciolaria sp. 
Fusus sp. 
Inoceramus barabini Morton. 
Lucina sp. 
Lunatia sp. 
Odontobasis sp. 
Ostrea subtrigonalis Evans and Shumard. 
Pinna sp. 
Panopaea sp. · 
Placenticeras intercalare Meek and Hayden. 
Serpula sp. 
Sphaeriola sp. • 
Turritella sp. . 

·The coal-bearing formation above the Lewis 
shale near Durango, has somewhat generally 
been 'regarded as Laramie because of its strati­
graphic position. These beds were found to 
be very fossiliferous in soine places. Som~ of 
the fossils throw doubt on the Laramie age 
of the formation, but for the_ purposes of 
this paper it will be called "Lanimie" in order 
to avoid introducing a new name. Gardner 
found several fossils in it. ·The best collection 
ob.tained fr~m it by the writer contains both 
plants and invertebrates, found in the· west. 
wall of Animas Canyon, half a mile south 
of Carbon .Junction, about 200 feet above· the 
lowest or prinCipal bed of 'coal. A few fossil 

. plants were collected from lower horizons in 
the same formation near this locality by J. A. 
Taff in 1906 and by J. H. Gardner in 190~. 
In order to make .the flora of this locality com­
plete, these have been included in the_ foll?wing 
list and are marked *: · 

· Fossils collected from the · '' Laramie '' on or near Animas 
River, in,the Durango region, Colo. 

Plants (U. S. Geol. Survey fossil localit}' 60~4): 
Ficus speciosissima Ward. 
Ficus praetrinervis Knowlton. 
Ficus leei Knowlton. 
Ficus starkvillensis? Knowlton. 
Quercus ri. sp. 
Sabal? ungeri (Lesquereux) Knowlt'on. 

* Abietites dubius Lesquereux. 
*Brachyphyllum macrocarpum Newberry. 
*Carpites sp. 
*Geinitzia formosa Heer. 
*Sequoia reichenbachi (Geinitz) Heer. 

Shells (U. S. Geol. Survey fossil locality 7197): 
Unio holmesianus ·white. 
Unio sp. related to U. aldrichi White. 
Unio sp. 
Neritina sp. 
Tulotoma thompsoni White? 
Campeloma? sp. 
Viviparus sp. 

In commenting on the age o{ these fossils 
Knowlton says of the plants: "Notwithstand­
ing the fact that. this .collection is from roc~s 
generally regarded as of Laramie age, there IS 

not a single species· in it that sugge.sts ~he 
·Laramie [of the Denver Basin]. It is the same 
flora as that at Point of Rocks, Wyo., and so 
far as I can see is of the same age, namely, 
Montana." 

The shell~ collected by the writer are beauti­
fully preserved, but they are of fresh-water 
species. . Stanton says of them: "I consider 
this a Laramie fauna. The unios are Lance 
types and the gastropods are of types that 

. range from Mesaverde to Lance." 
. In addition to the fossils nameq above, a 

number of invertebrates have b~en collected 
from the "Laramie" of southwest Colorado by 
Robert Forrester 218 and J. A. Taff. Their col­
lections have been joined with .those of the 
·writer and of Gardner in the following list, which · 
includes all the invertebrates lmown from the 
"Laramie" of southwest Colorado. The ma.­
rine forms come from the Pictured Cliffs sand­
stone member and the brackish-water forms 
mainly from the lower part of the overlying 
shaly portion of the "Laramie" formation, 
above the principal coal bed. The fresh-water 
forms collected by the writer were found above 
the principal beds of coal, but Gardner re­
ports many of them in close association with 
the coals. 

Fossil invertebrates of the "Laramie" formation of south· 
· ·west Colorado. 

Anomia sp. related to A. micronema Meek. 
Anomia sp. -
Campeloma? sp. 
Cardium speciosum Meek and Hayden. 
Corbicula sp. related to C. subelliptica Meek and 

Hayden. 
Corbicula occidentalis Meek and Hayden., 
Corbicula sp. 
Corbula undifera Meek. 
Corbula subtrigonalis Meek and Hayden. 
Corbula sp. · 
Cypris? sp. 

· Goniobasis? sp.· 
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A. LEWIS SHALE AND "LARAMIE" FORMATION NEAR DULCE, N. MEX. 

a, Coal bed, fossil plant loca lity; b, locality yielding fo ss il marine invertebrates. 

B. MANCOS SHALE AND THE BASAL SANDSTONE OF THE MESAVERDE FORMATION NEAR 
EL VADO, N. MEX. 

C. TOP OF MANCOS SHALE AND BASAL SANDSTONE OF THE MESAVERDE FORMATION, CABEZON, 
N. MEX. 

x, Locality yielding fossils, lot 7195; y, Mesaverde formation. 



CORRELATION OF FORMATIONS WITH THOSE OF OTHER R.EGIONS. 189 

Inoceramus barabini Morton. · 
Inoceramus sp. · 
~fartesia? sp. 
Melania wyorningensis Meek? 
Melania sp. 
Modiola laticostata White. 
Neritina sp. 
Ostrea sp. 
Pholas? sp. 
Sphaerium sp. 
Telllna scitula Meek and Hayden. 
Tulotoma thompsoni White. 
U nio holmesianus White. 
Unio brachyopisthus White. 
Unio verrucosiformis Vlhitfield? 
Unio sp. related to U. aldrichi White. 
Unio sp. 1.tndescribed; possibly 2 species. 
Viviparus sp. 

Tho relation of tho so-called "Laramie" for­
mation to tho younger formations exposed along 
.Animas River is not yet satisfactorily deter-

. mined. Several hundred foot above the hm:i­
zon of the fossils collected by the present 
writer there is a distinct change in lithology. 
A hard,. massive, cliff-making sandsto~e rests 
with uneven base on shale, and in tho lower 
part of this sandstone was found a large bone, 
. apparently a shoulder blade, of which ~nly a 
·s1nall part was obtained. On examination it 
proved to be a dinosaur bone, but no more defi-

. nito identification was possible. This sand­
:stono was not observed over a wide enough 
.area to demonstrate that it rests unconform­
ably on tho "Laramie," but the abrupt change 
in lithology and the uneven base .of the sand­
stone suggests that it may be tho base of the 
.rrortiary beds. This sandstone does not seem 
to be present on !~lorida River, where Gardner 
measured his section, unless tho, white sand­
:stono (not always present) at the top o{ his 

• .tc Laramie" represents it. 

MONERO AND DULCE. 

About 2 miles southeast of Chama,· in tho 
· northeastern part of t)lo San Juan Basin on the 
Denver & Rio Grande Raihoad in northern 
Now Mexico, tho Dakota sandstone was ob­
:sorvod in a small canyon. The Mancos shale 
occupies a broad valley between Chama and 
Monoro, and a sandy zone near its base prob­
ably ropres.ents, in· a general way, the Tres 
Iformanos sandstone member typically de­
veloped farther south. ·The writer c.ollected 

no fossils from the Mancos il). northern Now 
Mexico, but Schrader· obtained Inoceramus 

fragilis Hall and Meek, Scaphites warreni Meek· 
and Hayden, ~nd P1·ionocyclus wyomingensis 
Meek from a locality on Chama River 2 miles 
northwest of Elvado, N. Mox., at a horizon esti­
mated ·by him to be about the middle of this 
shale. According to Stanton these fossils de.-
note upper Benton age. · 

Just east of Monero the railroad pa~ses 

through ~ sharp canyon, in which tho basal 
sandstone of tho Mesaverde forms conspicuous 
cliffs. The west,vard dip of tho rocks br~ngs 
the coal beds that overlie this basal sandstone 
down to tho level of the rai4'oad at Monero, 
whore the coal has been mined for many years. 
The Mesaverde, which, according to · Schra­
der 200 was traced from Durango to Monero, 
does not here differ notably in character from 
the Mesaverde of the Durango region. 

A few very poorly preserved plants, Brachy­
phyllum cf. B. macrocarpum Newberry, Myrica 
or Eucalyptus n. sp., and Ficus n. sp., were 
found associated with 'the Mesaverde coals ncar 
Monoro (U.S. Geol. Survey fossil locality 6041) . 
The fossil plants seem to be restricted to very 
narrow zones. The sandstone both below and 
above the coal beds contains marine fossils . 
Ostrea sp., Pecten sp., Inoceramus barabini Mor­
ton, and Baculites anceps var. obtusus Meek 
wore collected near· Monero from a sandstone 
a few feet above the highest bed of coal (U·. S. 
Geol. Survey fossil locality 7206). 

The Lewis shale occupies a broad .valley be­
tween Monero and Dulce. Its thickness was 
estimated at 1,000 feet, but this estimate may 
be too low, for its measured thickness both west 
and south. of .Monoro is 2,000 to 2,500 feot. 200

• 212 

Schrader traced it continuously around the · 
i1orthern rim of the San Juan Basin and proved 
it to be the eastward extension of the typical 
Lewis shale. About half a milo north of Dulce 
it is very fossilifero:us. The following shells 
were collected from it at two horizons, in 
limestone concretions distributed somewhat 
sparingly .through the upper half of the shale, 
which is perfectly exposed in a steep barren 
slope. (See Pl. XXV, A.) The first lot of 
the following list is from the upper 100 feet 
(7200) and tho second lot is from a horizon 300 
to 500 feet below the top of the sha;le (7201). 



190 GEOLOGY AND PALEONTOJ~OGY OF RATON ME_SA IN COLO.-N. MEX. 

Fos.<>ils collected from the Lewi.s shale about. half a mile north of 
Dulce, N. _Mex. 

[U: S. Geol. Survey fossil localities 7200 and 7201.] 

7200 7201 

Ostrea pellucida Meek and Hayden? ........... :. . X 

~~~::~P~-----·.::::::::::::::::::::: :·:::::-- ~-- X 
Syncyclonema rigida Hall and Meek.... . . . . . . . . . . X 
Syncyclonema sp. . . . . . . . . . . . . . . . . . . . . . . . . X 
Inoceramus sagensis Owen..... . . . ... . . . . . . . X . X 
Inoceramus oblongus Meek?. ·h............ . . . . . . X 
Modiola sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · X ..... . 
Cardium speciosum Meek and Hayden. . . . . X ..... . 
Pinnalakesi White? .............. · ......... -~----· X 
Trigonarca (Breviarca) exigua Meek and 

HalL .... ·:- ........... · ... : ....... -.- ......... _. X 
Lucinaoccidentalis (~forton) _ ... ___ ....... _. ~... X 
Thetis circnlaris Meek and Hayden ...... _ . X X 

!~:?~tp•~:_-:-:-::::::::::: ::::::::::::::: -- ~-- X 

Liopistha undata Meek and Hayden? ...... · X 

~~~;~~~~ .- .-_-_ ·.: : ~ ~ ~ ~ ~ ~ ~ : : ~ ~ : : ~ ~ : ~ : : : : : ~ ~ : . ~ X 
Anisomyon patelliformis Meek and Hayden ... _... ·x 
. ~~:i~~;~p ~ .- _- _._ -.: : : ~ : : : ~ ~ >~ : ~ ~ : : : : : ~ : : : : : --~ -- -~ 
Baculites ovatus Sav ...................... _ . . . . . X 
Baculites compresslis Say ....... ·.......... . . . . . . X 
Ancyloceras sp ............ ~ ............. :. ~... X 
Scaphites nodosus Owen ............ · .... ~. . . . . . . X 
Placenticeras whitfieldi Hyatt ........ _.... X · X 

~·.~~:~-i~t-"-':~~~~~ ~~·~ -~~d -~~:.~~~: : : : : : :I ~ 

· Above the Lewis shale lies a series of rocks 
not less than 1,000 feet thick, somewhat shaly 
in the lower part, where a thin bed of coal 
occurs, but consisting principally of massive 
sandstone more or less conglomeratic through­
qut. Apparently some of the older geologists 
referred this whole series to the Laramie. 
Others referred some of it to the· Laramie and 
some to the Tertiary. Schrader 200 described 
the lower or coal~bearing porti.on as Laramie ? 

·- and proved, by tracing the beds, that it is iden­
tical with the so-called -Laramie of the Durango 
region. The following fossil plants were found 
by the present writer a few feet above the coal 
both north and south of the railroad near 
Dulce. 

Fossil plants collected from the ''Laramie'' formation near 
. Dulce, N. Mex. 

[U.S. Geol. Survey fossil locality 6042.· Those marked* occur also in 
t.he "Laramie" near Durango, Colo.) · 

* Brachyphyllum macrocarpum Newberry. 
*Sequoia reichenbachi (Geinitz) l:Ieer. 

Cunninghamites pulchellus Knowlton. 
* Geinitzia fqrmosa Heer. 

Ficus planicostata? Lesquereux (same as species 
at Point of Rocks). 

*Ficus praetrinervis Knowlton. 
*Ficus type of F.lanceolata Heer. 

Sabal montana Knowlton •. 
Zizyphus n. sp. 

The flora is essentially the same as that de­
scribed from the "Laramie" of the Durango 
section and confirms the statement that the 
beds are of ~he same ~ge. It also strengthens 
Knowlton's opinion (p. 179) ~hat the beds may 
be older than the Laramie of the Denver Basin, . 
for two of the species are found at Point -of 
Rocks, Wyo., in a formation regarded as older 
than Laramie, and others are found in the 
Mesa verde at the localities farther south de­
scribed in this paper. In commenting on these 
plants, Knowlton says: "Their age is "essen­
tially Montana and not Laramie. If I were 
uninfluenced by their apparant stratigraphic 
positioi1 I should- incline to place them in the 
Mesaverde, but since they. are. above Lewis 
they obviously can no~ be Mesaverde, though 
they can be, and in my opinion are, still Mon­
tana." 

In the Dulce ·area· the rocks above the Lewis 
~hale that· are ~eferable to the Cretaceous are 
only about 225 feet thick, including the basal 
sandstone, which is 60 ·feet thick. A section 
of them and of the rocks overlying them was 
measured in the steep canyon wall about ~·mile· 
northwest of Dulce. At this locality a con­
glome-rate that varies greatly in thickness and 
character within short distances rests uncon­
formably upon the· coal-bearing rocks. For 
about 75 feet above this basal conglomerate. 
the rock is variable in-lithologic character and 
consists of friable granular sandstone and shale, 
irregularly ~ntermingled and containing many 
lenses and irregular masses of conglomerate. 
The whole mass is dark and gives the,impres-·' · 
sion of being the erosional product of dark 
igneous rock. It is the same 'material as that 
from Pagosa Junction, described on page 191 as. 
consisting largely of andesitic material. 

Section oj.rocks measured about a mile northwest of Dulce,. 
N.Mex. 

Formation not named (regarded by the writer as 
basal Tertiary) : · Feet. 

Sandstone, conglomeratic, brown. . . . . . . . . . . 80+ 
Sandstone, slightly shaly, with greenish tint 

at base; massive, yellowabove.~---······· 44 
Shale and sandstone, yello;w.. . . . . . . . . . . . . . 121 
Sandstone, shaly, greenish~................. 6 
Conglomerate with pebbles ·principally of 

chert, up to one-half inch in diameter-.. 12 
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Fol'mation not named (regarded by the writer ·as 
basal Tertiary)-Continued. Feet. 

Sandstone; shaly, gray..................... 27 
Conglomerate with chert pebbles up to three-

fourths inch in diameter. . . . . . . . . . . . . . . . . . 28 
Shale, sandy, yellow. . . . . . . . . . . . . . . . . . . . . . 8 
Sandstone, white ............... _._ ........ ~ 3 
Shale, sandy, yellow ......... ~ ..... ~........ 10 
Conglomerate with chert pebbles up to three-

fourths inch in diameter...... . . . . . . . . . . . . 38 
Shale, sandy, yellow ..................... ·.. 18 
Sandstone, massive, coarse grained, yellow.. 66 
Shale, sandy, dark ................. ~....... 21 
Sandstone, friable, dark. . . . . . . . . . . . . . . . . . . 46 · 
Sandstone, coarse grained, conglomeratic, 

with pebbles mostly of chert up to an inch 
or more in _diameter.... . . . . . . . . . . . . . . . . . . 6 

Unconformity by erosion. 534 
"Laramie'' formation: 

Shale, sandy, carbonaceous; contains fossil 
plants (U. S. Geol. Survey fossil locality 
6042). - .... -- . - ~ ........ - . - ..... - .. - - . . . 83 

Coa;I, coke, and intruded igneous rock..... 8 
Sandstone, coarse grained, light colored .. -.... 66 · 
Shale, sap.dy ................ ~.............. 8 
Sa.ndstono, massive, light colored........... 60 

Lewis shale: 225 
Sha,le, fossiliferous (U. S.- Geol. Survey fossil 

localities 7200 and 7291) ..•............ ~.. 300+ 

1,059 

The forma.tions just described are well ex-· 
posed north of Pagosa Junction, Colo.~ about 15 
miles northwest of Dulce, in the gap eroded 
through the hogback formed by the upturned 
sedimentary rocks, but no section of them was 
measm·ed. The Lewis shale was observed and 
the basal sandstone c;>f the ''Laramie'' formation 
was found to contain Halymenites major Les­
quereu:x:asit does also at Dulce. The ''Laramie'' 
near Pagosa Junction is n1uch thicker than it is 
farther east, the estimated thickness being 600 
feet. Two coal beds near the base of -the for-

-ru.ation have been opened at the Talia1_1 mine. 
The lowei· one is 3 feet thick and the upper 4 
feet, and they are separated by 20 feet ofsiu1dy 
shale. Fr01n between these two beds a few 
1niles to the west Gardner collected t·he follo\v­
i ng in vertebrates: 

Fossils collected from the "Laramie" formation in theSE. ! sec .. 
19, 1'. 84- N., R. 4- W., near Pagosa Junction, Colo., 5jeet 
above "Laramie" coal No. 1. 

Ostrea subtrigonalis Evans and Shumard. 
Anomia sp. cf. A. micronema Meek. . 
Corbicula cytheriformis Meek and Hayden. 
Corbula undifera Meek. 

· From a layer of fissile sandstone about 15 
feet above the upper 'bed of coal the writer 
collected the following fossil plants: 

Fossils collected from the "Laramie" formation at the Talian 
. mine near Pagosa Junction, Colo. 

[U. S. Gool. Survey fossil locality 6442.~ 

Ficus praetrinervis. Knowlton. 
Ficus wardii Knowlton. 
Ficus leei .Knowlton. 
Ficus n. sp. 
Pteris n. sp. 
Quercus cf. Q. rockvalensis Kno\\lton. 
Carpites sp. 
Salix sp. 
Phaseolites minutus Knowlton. 
Diospyr~s? leei? Knowlton. 

In his comments on these plants Kno-\vlton 
say~ their age "is· undoubtedly Montana, the 
several id~ntified species being all present. in 
the Vermejo. The flora also ~losely resembles 
that of the Mesaverde." 

The upper part of the "Laramie" is a soft 
sandy shale, usually covered at the sm·face 
with debris but well exposed in a raihoad cut 
north of Pagosa Junction, at the contaot with 

. the overlying rocks, which the writer regards. 
as Tertiary. The base of the overlying rocks 
is a coarse massive· oonglomerate, in which 
were folill:d several .varieties of pebbles, all · 
well rounded, whose maximum diameter is 
3 to 4 inches. 

Thin sli~es of rook from this basal conglom­
erate north of Pagosa Junction were examined 
by E. S. Larsen, who states that the matrix 
is clearly derived from andesitic rocks. It is 
made up largely of crystal fragments of 
plagioclase feldspar with some grains of the 
groundmass of andesi.tic.rocks and a few· grains 
of quartz, secondary chlorite, and other 
minerals. The pebbles consist of several 
sorts of rock, including sa~dstone, quartzite, 
quartz, and igneous rocks partly or wholly 
decomposed. Soine of them appear to be 
highly altered. andesites. The specimens ex­
amined suggest that the conglomerate consists 
of washed andesitic tuff, in which was embedded 
waterworn pebbles derived from consolidated 
rock, although the impression gained from 
field examination was that the matri.x, as well 
as the pebbles, was derived by erosion from 
consolidated rocks. The anclesitio character 
of the rocks strengthens the 'suspicion, g~1.inecl 
from the stratigraphic position of .the beds and 
from fossils at higher horizons in the same 
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formation, that it is equivalent in age to tne 
Animas formation as de·veloped near Durango. 

The basal conglomerate. of _ tlie supposed 
Tertiary ·forms the crest of the hogback but 
disappears southward beneath friable sand~ 
stone and coal-bearing shale 1,000 feet or more 
in thickness. In one exposure of strata about 
.400 feet thick were found eight coal beds 
ranging in thickness from a few inches to a foot. 
Fossil plants are abundant in this formation.· 
Collections were made at three localities, one 
near the base of the coal-bearing rocks and 
two about 400 feet stratigraphically higher. 
They are as follows: 

Fossils collected in a railway cut one-half mile downstream 
frocm Pagosa Junctiqn, Colo. 

[U. S. Geol. Survey fossillocali ty 6309.] 

Ficus pseudopopulus Lesquereux. 
Castalia cf. C. leei Knowlton. 
Viburnum cf. V. antiquum (Newber:ry) Hollick 

and V. perfectum Ward.· 
Juglans cf. J. ber:ryi Knowlton. 

Fossils collected about 400 feet stratigraphically above the · 
horizon of Pagosa Junction, Colo. 

[Those from U.S. Gaol. Survey fossillocality 6443 are from a milenorth­
ea~t of the junction and those from 6444 are from a mile northwest of the 
junction.] 

6443. 6444. 

Platanus aceroides Gor.pert. . . . . . . . . . . . . . . . X 
Platanus aceroides latlfolia Knowlton.... . . . X X 
Viburnum speciosum Knowlton... . . . . . . . . . X 
Sab~ll? ungeri (Lesquereux) Knowlton_..... X X 
Ficus neoplanicostata Knowlton..... . . . . . . . X X 
Persea? or Laurus sp., new?................. X X 
Leguminous leaflet, new .. _ ........... ~.... . . . . . . X 
Rhamnus c1oburni Lesquereux............. . . . . . . x­
Nelumbo lakesiana (Lesquereux) Knowlton. . . . . . . .X 

The writer found no fossil vert~brates in this 
region, ·but J. H. Gardner has kindly furnished 
the following information in a letter dated· 
December 26, 1911: 

I have carried a reconnaissance survey around the north 
side of the San Juan Basin, and have done the detail"of the 
Ignacio folio which lies to the west but on the rim of the 

. same basin. There is no doubt in my mind, based on 
reconnaissance mapping and l.ithologic similarity, that 
the beds [above the unconformity] are Animas * * *. 

. The heavy conglG~merate beds at the base of th~ Animas 
are in the form of a lentil which thins out away from the 
Animas Valley. The beds above this consist of tan -colored 
and greenish shale alternating with coarse-grained tan~ 
colored sandstone containing grains vf igneous origin 
* * *. The beds which are intruded with sills along 
the canyon west of Dulce and crosscut by dikes [the upper 

461 feet of the Dulce section] are of the same nature and 
apparently connect with the upper beds of the Anim~+s, 
* * * and contain remains of Triceratops. 

CABEZON. 

Gardner 222 correlates the rock formations ex­
posed near Cabezon directly with· those of the 
Durp,ngo section, and gives them the same 

. names, viz, Mancos, Mesaverde, Lewis, and 
"Laramie." His correlation was based on the 
tracing of the outcrops around the San Juan 
Basin from their type locality in southwest 
Colorado. They are described as more or less 
conticyuously exposed on the west. and south 
sides of the basin, but for a few miles to the 
west of the Nacimiento :Mountains they are 
·covered by overlapping Tertiary rocks. How­
ever, in spite of the great length of outcrop 
around the basin to the west and the area of 
obscured outcrops on the east side, Gardner 
seems to have felt confident that the formations 
near Cabezon are _to be correlated. directly 
with those of the ·Durango 'section, and the · 
writer in a somewhat rapid reconnaissance of 
this region saw nothing to cause him to question 
these correlations. The lower part of the 
Mesaverde at Cabezon seerns to be equivalent 
in age to the Mesaverde at Monero (Pis. XXV, 
B,, 0, p. 188), but it may not be out -of place to 
call attention to the fact that the Mesaverde at 
Monero is very thin, and that, according to 
Gardner/22 it has near Cabezon a thickness of 
more than 1,300 feet. On the other hand,_ the 
same writer 222 shows that the Lewis shale 
near Cabezon is only about 250 feet thick, and 
that in the same basin farther north 222 it is 
2,000 to 2,500 feet thick. · Southwest of Gallina 
this shale was found to change in thickness 
from 250 to about 2~000 feet in 30 miles.212 

Gardner 212 . also described a sandstone near 
the top of the Mancos shale in the vicinity of 
Gallina which he suggests may be the attenu­
ated edge of a coal-bearing member of the 
Mancos on the southern side of the basin. 

The differences in thickness of the formations 
and the possibility of a _change in lithologic 
character·s~ggest that some of the upper part 
of the Mesaverde near Cabezon may be equiva­
lent ·in age to the lower part of the Lewis shale 
farther north. 249 , 

Gardner collected fossils in the vicinity of 
Cabezon fron1 both the Lewis shale and the 
Mesaverde formation. They are· among the 
United States Geological Survey collections and 
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haYe been iclentified by T. W. Stanton. Two . thin layer of fine-grained sandstone about 400 
· collections were obtained from the Lewis as feet aboye the lowest bed of coal, about 5 miles 

follows: northwest of Cabezon, in a steep bluff half a 
mile north of· a sn1all artificial lake. The 

Invertebrates collected by J. H. Gardner, about 6 miles south­
west of Raton Springs, N. JJ1ex:, from about 100 feet species collected are as follows: 
below the top of the Lewis shale. 

[U. S. Geol. Survey fossillocality 4455.) 

Ostrea sp. 
Cardim~1 speciosum Meek and Hayden. 
Legumen sp. · • 
Liopistha undata Meek and Hayden. 
Lunatia sp .. 
Melania? sp. 

Invertebrate:J collected from the Lewis shale by J. H.- Gar<lnel', 
2~ ?niles so~ttheas~ of Cuba, N. JJ1ex. 

[U. s.'Geol. Survey fossilloeality 4452.) 

Inocerann~s barabini Morton. 
Baculites compressus Say. 
Placenticeras intercalare Meek ·and Hayden. 

·The Mesaverde fossils collected by Gardner 
near Cuba are as follows: · 

Invertebrates collected near ~he base of the JJ1esaverdeformation, 
three-quarters of a mile north of Copper City, N. ]Jfex. 

[U.S. Geol. Survey fossillocality 44_53.]. 

Nucula sp. 
Cucullaea sp. 
Area sp. 
Cardium sp. 
Cyprimerla? sp. 
Liopistha undata Meek and Hayden. 
1\factra sp. -
Gyrodes ~p. 
Pyrifusus? sp. 
Volutoderma sp. 
Actaeon sp. 
Baculites anceps var. obtusus Meek. 
Placenticeras intercalare Meek and Hayden. 
Placenticeras sp. 
Helicoceras sp. . 
Scaphites sp. related to S. larvaeformis Mee~ and 

Hayden. 

While in the field the present writer ass:umed 
that the Mesayerde age of the coal measures 
near Cabezon was established, arid he visited 
the locality to collect.fossils for the purpose of 
correlating the Mesaverde with the coal-bearing 
rocks which, in the fields farther east, contain 
similar fossils. A large number of petrified 
logs and stumps and son1e leaf impressions 
were found in the lower part of the Mesaverde 
north of Cabezon, but most of .these were too 
poorly preserved for identification. IIowever, 
beautifully preserved l<;1aves were found in a 

47019°-17--13 

Fossil plants collectedfrom the JJ1esaverdeforrnation, 
N. 48° W. from Cabezon B?.ttte. 

[U.S. Gcol. Survey fossil locality 6038.] 

·Ficus speciosissinia Ward. 
Ficus praetrinervis Knowlton. 
Ficus wardii Knowlton. 
Dryopteris n. sp. 
Diqspyros sp. 
Myrica sp. 
Eucalyptus sp. 
Dombeyopsis? sp. 
Undescribed dicotyledons. 

Fragn1en ts of pahu leaves were found 50 to 
100 feet above the bed yielding these plants7 ' 

but no fragment had the parts n~cessary for 
the identification of species. Still higher in the 
formation, at. the east end of Chacra :Mesa 
(U. S. Geol. Survey fossil .locality 6039), 
several conifers of A.bietites dubius Lesquereux 
were found.· 

Two small collections of shells were. made 
from the Mancos shale near Cabezon. One col­
lection was obtained from the sandy layers at 
the top of the formation in the transitionalzone 
between the Ma1;1cos and the basal sandstone 
of the Mesaverde, at the point where the wagon 
road leading northwestward from Cabezon 
crosses the top of the Mancos shale. They are 
as follmvs: · · 

Fossilsfrom the top of the Mancos shale, northwest of Cabezon. 

[U.S. Geol. Survey fossil locality il94.] 

Ostrea elegantula Newberry? . 
Anomia sp. 
Pinna sp. 
Cardium sp . 
• Cyp1-imeria sp. 
· Tellina'· sp. 
Liopistha undata Meek and Hayden? 

. Mactra sp., related toM. formosa Meek and Hayden. 
Corbula sp. 
Gyrodes sp. 
ACtaeon sp. 

· Placenticeras·sancarlosense Hyatt? 

The second collection was obtained fron1 the 
low hill back of Cabezon at a horizon several 
hundred feet below the top of the Mancos shale. 
The _rocks containing them are somewhat sandy, 
and this fact may serve to explain the resem-
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blance of the fauna to.that yielded by the sand..:· Cabezon an~ the Rio Puerco field. The in­
stones of the Mesaverde. The fossils follow: formation thus obtained aids materially in 

Fossil shells collected at Cabezo'f!', N. Mex. 

[U. B. Geol. Survey fossil localities 7195 and 8000.] 

Exogyra sp. 
Anomia sp. 
A vicula linguiformis Evans and Shumard. 
Inoceramus barabini Morton? 
Mytilus sp. 
Cucullaea sp. 
Crassatellites? sp. 
Cyprimeria sp. 
Gyrodes sp. 
Volutomorpha sp. 
Volutoderma? sp. 

showing the relations of the formations of the 
· San Juan Basin to those of the Rio Puerco field. · 
The thicknesses were determined by Locke 
level and checked by aneroid barometer. · 
The lower part of the section up to the top of the 
Tres Hermanos sandstone was measured about 
5 miles south of Casa Sal·azar, at the locality 
shown in Plate XXVII, B. A 'mile farther 
north the rocks were measured between this 
sandstone and .the Scaphite$ zone of the fol­
lowing section. This Scaphites zone was recog­
nized at Casa Salazar,. and the part of the s'ec-

Liopeplum sp. · 
Pyrifusus? sp. 

. Placen'ticeras sancarlos€mse Hyatt? 
St~ntonoceras pseudocostatum Johnson? . 
Lamna sp. 

· Ostrea sp. 

. tion between it and the Punta de'la Mesa sand­
stone was measured at the locality shown in 
Plate XXVI, B. The part above this .sand- . 
stone was measured about a mile farther north. 
The combined section follows: 

Nemodon sp. 
Tellina·sp. 
Pholadomya sp. 

'Lunatia sp. 
Fasciolaria? sp. 
Actaeon sp. 
Baculites anceps var. obtusus Meek. 

CASA SALAZAR. 

The upper part of the Mancos shale forms the· 
surface for a considerable distance south of 
Cabezon, the Mesaverde having been generally 
eroded away. However, a remnant of the 
Mesaverde has been preserved in Cabezon Butte 
(see Pl. XXVI, A),. and the b'asal sandstone 
was observed. for a considerable distance to the 
south in the west face of Prieta Mesa. (see Pl. 
XXVII, 13.). Thus, the Mancos is continuously 
exposed between the San Juan Basin and the 
Rio Puerco field, and the continuity of the 
Mesaverde is inter~upted by only three short. 
gaps. 

North of Cabezon the upper part of the 
Mancos. is a shale that differs llttle frorri· the 
shale· of the lower part, but southward from 
Cabez~n the upper part of the Mancos becomes 
increasingly mo:r:e sandy. In 'the Rio Puerco 
field it is not possible, without· further .investi­
tion, to draw a definite line between Mancos 
and Mesaverde, .and in the vicinity of Datil 
Mountains, 70 miles farther south, -the Mancos 
is more or less sandy throughout.249 This is 
·shown graphically in figure. 13. 

A section was measured and fossils collected 
by T. W. Stanton and the writer in 1912 near 
Casa Salazar, N. M~x., about halfway between. 

Section measured in the eastern face of Prieta J:fesa, near Casa 
· Salazar, N. Mex. 

Mesaverde formation: 
Sandstone, yellow, maSSlve,· cliff making, con­

~aining (U. 8. Geol. Survey locality 7999) 
Ostrea sp., Ino~ramus sp., Cyprimeria sp., . 
Gyrodes sp., Pyrifusus sp., Pyropsis sp., 
Volutomorpha sp., Liopeplum sp., Placen- Feet. 
ticeras sp .. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50+ 

(The slope above this sandstone is covered 
with debris from the sheet of igneous rock 
that caps the mesa.) 

Mancos shale: 
Not exposed. . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . 100 
Shale and friable sandstone, buff-colored, con­

taining, 450 feet from base (U. S. Geol. Sur-
vey locality 7998), Inoceramus sp., Baculites 
sp.; 150 to 250 feet from base (U. S. Geol. 
Survey locality 7997), Ostrea congesta Conrad., 
Inoceramus sp., Scaphites sp., related to 
Scaphites vermiformis Meek and Hayden; 100 
feet from base (U. S. Geol. Survey locality 
7996}, Inoceramus sp.,· Baculites sp.; 50 feet 

. from base (U. S. Geol. Survey locality 7995), 
Ostrea soleniscUs Meek, Inoceramus sp ........ 750 

Sandstone, massive (Punta delaMesamember). 50 
Shale, sandy at the top, containing (U.S. Geol. 

Survey locality 7994) Prionotropis sp ...... _. 350 
. (The talus from this sandstone about 3 

miles farther south yielded (U.S. Geol. Sur­
vey 'locality 7986) Inoceramus sp., related tq 
Inoceramus erectus Meek, Inoceramus labiatus 
Schlotheim?, Mactra arenaria Meek, and 
Gyro des sp.) 

Sandstone, fissile, and sandy limestone (Sca-
phites zone) containing (U. S. Geol. Survey 
locality 7993) Ostrea lugubris Conrad, Inocer-
amus dimidus White, Prionocyclus sp.,. 
Scaphites warreni Meek and Hayden .... ~.... 10-t-
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A. CABEZON BUTTE, A LARGE VOLCANIC PLUG, FROM CABEZON, N. MEX. 

Showing the. upper sandy part of the Mancos shale (a) and the basal sandstone of the Mesaverde formation (b). 

B. VOLCANIC PLUG ABOUT A MILE WEST OF CASA SALAZAR, N. MEX. 

S howing the Punta de Ia Mesa sandstone member of the Man cos sha le (c), the dark shale (d) below, and the 
· light-colored sa ndy portio n (e) of the Man cos above. . 

0. VOLCANIC PLUG NORTH OF CASA SALAZAR, N. MEX. 

S howing the dark sha le of the lower part of the Mancos (d), the Punta de Ia Mesa sandstone member (c), the 
sandy portion of the Man cos sha le (e), and the top of the plug (f). 
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A.· PUNTA DE LA MESA, NEAR SAN YGNACIO, N. MEX. 

T ype locality of th e Punta de Ia Mesa sandstone member of the Man cos s ha le. 

B. WEST SLOPE OF PRIETA MESA, ABOUT 5 MILES SOUTH OF CASA SALAZAR, N. MEX. 

Show ing light-colored sandstone supposed to be of Morrison age (a) ; the Mancos shale, in cluding at its base 
the gastropod zone (b) and th e Tres Herma nos sandstone member (c); and the basa l sandstone of the Mesa­
verde formation (d) in distance, under capping of igneous rock near top of mesa . 

0. VALLEY OF RIO PUERCO NORTH OF SAN FRANCISCO, N. MEX. 

Showing sandstone supposed to belong in the Morrison formation (a), and the lower part of Mancos sha le, 
including the gastropod zone (b) and Tres Hermanos sandstone member (c). 
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Mancos shale-Continued. Feet. 
Sa.ndstone and shale in thin layers.......... 60 
Shale, with concretions'of limestone in upper 

half (cephalopod zone), containing (U.S. 
Geol. Survey locality 7992) Pinna sp., Tttr-
ritella sp., J.lfetoicoceras sp., Coilopoceras col-
letti Hyatt. ________________ .............. 275 

Shale, dark .... _______ . _ ............. ; . . . . . 65 . 
Shale with thin layers of limestone; contain-

ing (U. S. Geol. Survey locality 7991) 
Gry])lwea newberryi Stanton, InoceranL'I.tS 
labiat'l.ts Schlotheim ....... ·-............... 20 

Shale, dark .................... -·- ....... -.- 90 
Limestone, gra.nular, irregularly bedded..... 1± 
Shale, dark ......... :...................... 70 
Sandstone, yellow, massive (upper plate of 

'l'res Hermanos sandstone), .containing (U. 
S. Geol. Survey locality 7989) Gryphaea 
newbern.Ji Stanton, Exogyra sp., Pinna pet­
rina .,\Thite?, Cardium trite White, Anch'l.tra 

. sp., Pyropsis sp. (U. S: G~ol. Survey locality 
7990), Avicnla ga8trodes Meek............. 66 

Shale, dark .. __ .. _. ___ ..................... 48 
Sandstone, yellow, coarse grained (lower plate 

of 'l'res Hermanos sandstone), containing 
(U.S. Geol. Survey lo.cality 7988) Exogyra 
coltt?nbella Meek, Avicula sp., Pinna petrina 
\\Thite, Isocardia sp., Cyprimeria sp., Telliiw 
sp., Liopistha (Psilomyf!:) sp., Turritella sp. 37 

Shale, light yellow and sandy above, contain­
ing (U. S. Geol. Survey locality 7987) Exo­
gyra co l'l.tmbellaMeek ;Lima sp., Cmnptonectes 
symmetricus Herrick and Johnson, Isocardia 
sp., Gyro des? sp., Turritella sp., A nchuraj'l.tsi- · 
jonnis White (not :Meek); and dark below.. 55 

Dakota sandstone: 
Su.ndstone, conglomeratic, weathers dark and 

irregular _____ . _ .. _. __________ . ______ -·- _. 

Shale, sandy, dark._._. __ ~ ............... . 
Sandstone, friable, light colored ........... . 

· Morrison formation: 
Shale and sandstone, variegated. 

2,047 

4 
2 

20 

·26 

2,123 

According to Stanton, all these fossils be­
long to the Colorado fauna except those from 
the upper sandstone, of whi~h he says "This is 
a post-Colorado· fauna of southern facies more 
nearly rel~ted to the "fauna of Texas and the 
Gulf coastal i·egion than to the. 1nore northern 
Pierre and :Mesaverde faunas." 

RIO PUERCO FmLD. 

Aside from brief references, in the accounts 
of early explorations, to the occurrence of coal, 
the fiTst geologic information of the Rio Puerco 
coal field was given by I-Ierrick and J ohnson.146 

The ·zones described by them~ and the fossils 

contained in each zone ·are named in the notes 
of the annotated list of publications 146 on pages· 
17-37. These zones were found convenient 
for u,se by the pr~sent writer and are here used 
in a quotational manner. · 

The Cretaceous rocks of this field dip toward 
the east, the degree varyi.r1g greatly from pln.ce 
to place, and disappear w1der a cover of Ter­
tiary and Quaternary rocks in the valley of the 
Rio. Grande. A section showing the main 
features of the sedimentary rocks from the 
Morrison formn.tion to the Punta de la Mesa 
sandstone was measured near San Francisco. 
The line. alorig which the measurements were 
made extends southward across the gently 
dipping strata from the Rio Puerco, northwest 
of San Francisco, to Punta de hi. Mesa. 

No place was found in the Rio Puerco field 
where· a complete detailed section of the rocks. 
above this sandstone could be n1easured. The. 
beds are well exposed in only a few places, and 
where exposed some of them are so warped that. 
it is difficult to tra:ce individu-al beds for any 
considerable distance and others are faulted so­
that certain beds are duplicated. Also, son1e of 
the upper part of the fonnation was removed by 
erosion previous to the deposition of the o~ er..: 
lying Tertiary sediments. A generalized sec­
tion was measured and many fossils were col­
lected east of the Rio Puerco about 3 1niles 
north of San Ygnacio; aud a sectio.n · of the 
·upper part of the coal-bearing rocks ,was 
measured in detail about a mile farther north, 
by L. C. Chapman, who was assisting the 
writer in· the field. Where the part of the se.c­
tion north of San Ygnacio was measured fn.ult­
ing has rendered doubtful the relation of the 
Me~averde to the Tertiary. But near the 
northern end of the Rio Puerco field an ex- . 
posure was found of rocks that appeared to be 
undisturbed by faulting, where the basal con­
glomerate of the Tertiary with pebbles of 
quartzite, some of them 6 inches in diameter, 
rests upon the Mesaverde. The following sec­
tion is the result of the observations nlade 
north of San Ygnacio: 

Section of rocks measured near San Ygnacio, N. Mex.' 

Tertiary: 
Sandstone, locally conglomeratic, and shale; 

,poorly consolidated, varicolored, with 
reds predominating below and milder 
shades above. (Many hundreds of feet.) 

Uneonformi ty. 
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Mesaverde formation: 
Shale with thin beds of coal; absent in some 

places ............................... . 
Sandstone, massive, yellow, calcareous, and 

shaly in places; contains (U.S. Geol. Sur­
vey fossillocality 7189) Ostrea sp., Anomia 
sp., Inoceramussp. (th~ck shelled), Cucul­
laea sp., Cardium sp. (large form), Car-· 
dium sp. (slender form), Tellina sp., Cyp­
rimeria sp., Liopistha undata Meek and 
Hayden?, Corbula sp., Mactra sp. related 
to M.formosa Meek and Hayden, Mactra 
sp. (large form), Dentalium sp., Gyroif,es 
sp., Physa? sp., Volutomorpha novimexica-

·rw Herrick and Johnson, Pyropsis sp., 
Actaeon? sp., Scaphites sp. related to S. 
nodosus ·Owen, Placenticeras sancarlos­
ense Hyatt?,· Placenticeras planum Hy-
att? ................................... . 

Shale, sandy, containing (U. S. Geol. 
Survey fossil locality 6034) Brachyphyl­
_lum macrocarpum Newberry, Ficus 
praetrinervis Knowlton, Ficus sp., Salix? 
sp. (large leaf) ....................... . 

Shale, carbonaceous ...................... . 
Coal ............ · .................. ". 

Shale, carbonaceous ..................... . 
Sandstone ................... : .......... . 
Shale, carbonaceous ..................... . 

Coal ........... ·.· ........... ~ ...... . 
Shale, carbonaceous ..................... . 
Sandstone .............................. . 

Coal ....... ~- .... " ................... -
Shale, carbonaceous ......... · ............ . 

Coal ............................... . 
Shale, carbonaceous ... ~ ..•............... 

Coal ............ · ...... .- .......... ~ .. . 
Shale, carbonaceous.: .......... , ........ . 
Sandstone ............ · .................. . 
Shale ............. · .......... " ......... . 

Coal ............................... . 
Shale, carbonaceous .......... ~ .......... . 

Coal ............................ ~ .. . 
Shale, sandy ............................ . 

Coal ............................... . 
Shale, sandy ............ ~ .............. . 
Shale ................................. ~; 

Coal ............................... . 
Shale, carbonaceous .............. · ....... . 
Shale .................................. . 

Coal ... ; ........................... . 
Shale, carbonaceous ..................... . 

Coal ... : ............................ · 
Shale, carbonaceous ..................... . 

Coal ............................... . 
Shale, ca~bonaceous ............ - .......... . 
Sandstone, coarse grained ...... .-7 ~ ••••••••• 

Shale, carbonaceous ..................... . 
Coal ............................... . 

Shale, carbonaceous .......... : .......... . 
Coal ................... · ... : ........ . 

Shale, carbonaceous ..................... . 
·Coal ............................... . 

Shale, sandy, carbonaceous ..... : ........ ~ 
Shale, sandy ....................... : .. . 

Ft. in. 

10± 

. 300± 

9 0 
11 0 
1 1 
7 0 
8 0 
2 6 

7 
3 6 
3 0 

1 
7 0 

6 
10 0 

2 
2 6 
1 0 
6 0 

5 
3 6 

2 
2 6 
1 0 

6 
2 6 
1 1 
9 0 
1 6 

5 
5 0 

5 
2 0 

3 
3 0 
2 0 
3 0 
1 2 

15 0 
5 

4 0 
1 9 
8 0 
1 0 

Mesa verde formation-Continued. 
Shale, carbonaceous ..................... . 
Sandstone, coarse-grained, gray .......... . 
Shale, carbonaceous, chocolate colored ... . 

Coal ............................... . 
Shale, carbonaceous, chocolate-colored ... . 
Sandstone, coarse grained, massive, gray .. 
Shale, with .layers and lenses of yellow 

sandstone and earthy limestone, contain­
ing (U .. S. Geol. Survey fossil locality 
7190) Halymenites major Lesquereux, 
Ostrea congesta Conrad, inoceramus sp., 
Lithophagus sp., Lamna sp ........ ~- .. . 

Sandstone, coarse grained, yellow to gray, 
.contains (U.S. Geol. Survey fossil locality 
6035) the following fossil leaves: Quercus 
sp. serrate new, Ficus praetrinervis 
Knowlton, Ficus eucalyptifolia Knowlton, 
Dryophyllum falcatum 'Vard (occurs at 
Pciin"t of Rocks), Dalbergia n. sp. (same as 
Hagan 6030), Salix stantoni? Knowlton 
(same as from Coalville, Utah), Salix sp. 
a, Viburnum? problematicum Knowlton .. 

Shale, contai_ning one bed of co:;~.l 6 feet 
thick and several thin beds ........... . 

Sandstone with layers of shale and lenses 
of impure limestone, fossiliferous, but no 
collections made ...................... . 

Sandstone, massive, gray, with lenses of 
impure limestone near the top; co~tain-
ing (U. S. Geol. Survey fossil locality 
7188) Ostrea sp., Inoceramus sp. (very 
thick shelled form), Cucullaea sp., Car-
dium sp., Tellina sp., Liopistha undata 
Meek and. Hayden, Mactra · sp. related 
to M.jormosa Meek and Hayden, ~Afactra 
sp. large form, Volutomorpha · novimexi-

Ft. in. 
2 6 
3 0 
5 0 

2 
1" 6 

30 0 

400± 

25±. 

100± 

172 0 

cana Herrick and Johnson, Baculites sp., 
Placenticeras planum Hyatt, Lamna sp.. llO 0 

Shale, carbonaceous, chocolate-colored. . . . 27 0 
Mancos shale(?): 

Sandstone, yellow, and shale in alternating 
layers ................................ 297-850 0 

Sandstone, massive, yellow (Punta de la 
Mesa member), containing (U. S. Geol. 
Survey fossil localities 3514 and . 3519) 
Inoceramus dejormis Meek?, Inoceramus 
erectus Meek?, Avicula sp., Mactra sp., 
Cardiumsp., Anisomyon?sp., Cyprimeria? 
sp.................................... 77 0 

Shale, sandy at top...................... 240± 
Limestone, shaly, containing (U. S. Geol. 

Survey fossil locality 3515) Exogyra 
columbella Meek, Pecten sp.,- Pinna 
petrina White, Isocardia sp., Liopistha 
(Psilomya) sp., Anchura sp............. 10± 

Shale ....... : . .. · ............. " . . . . . . . . . . . 50 o 
Shale with Ii mestone concretions· ( cephalo-

pod zone) containing (U. S. Geol. Survey 
fossillocaJity3520) Pinna petrina ·white?, 
Pecten sp., Trigonarca sp., Isocardia sp., 
Veniella? sp., Cardium sp., '/'urritella sp., 
Rostellites sp., undetermined gastropods, 
Metoicoceras sp. related to JJf. swallowi 
(Shumard), Metoicoceras sp.............. 10± 
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Mancos shale (?)-Continued. 
Shale. In the lower part (U.S. Geol. Sur­

vey fossil locality 7191) were found Ostrea 
sp., A1;icttla gastrodes Meek, Pinna petrina 
White, Veniella sp., Pholadomya sp., 
'l'urritella sp. related to T. whitei Stanton, 
Metoicoceras sp ................... · .... . 

Sandstone, shaly, with impure limestone in 
lenses and concretions. (This sandstone 
and the limestone concretions above and 
below it seem to constitute the concre­
tion (Septaria) zone of Herrick and 
Johnson.) It contains (U. S. Geol. Sur­
vey fossil localities 7192 and 3513) · · 
Ostrea sp., Exogyra columbella Meek, 
Anomia sp., Avicula gastrodes Meek, 
Cardium sp., Legumen sp., Pecten sp., 
Pinna petrina White, Isocardia sp., 
Liopistha (Psilomya) sp., Anchura. sp., 
Prionotropis sp., A·canthoceras'l sp ...... . 

Shale alternating with layers of. yellow· 
sandstone ..•....... · .................. . 

Shale, carbonaceous, dark; has general 
aspect of the shale associated with the 
coal beds of the Mesaverde in this field .. 

Sandstone, coarse grained above, shaly 
below, weathers to irregular, rounded 
masses; contains Halymenites similar to 
H. major Lesquereux, worm borings, and 
a variety of indefinite markings ......... . 

Shale, dark (gastropod· zone), cont.:1.ining 
(U. S. Geol. Survey fossil localities 7205, 
3517, and 3518) Ostrea sp., Exogyra 
columbella Meek, ·camptonectes sym­
metrica . Herrick and Johnson, P licatula 
sp., Gervilliopsis'l sp., Pinna petrina 
White, Pinna sp., Liopistha (Psilomya) 
sp., Area sp., 'l'rigonarca sp., Cardium 
sp., Lucina sp., Turritella sp., Anchura · · 
fusijormis YVhite (not Meek), Anchura sp., 
Cinulia'l sp., Serpula sp ............... . 

Sandstone, soft, friable, contains small 
pebbles principally of quartz and chert.. 

Sandstone, yellow ............... ~ ....... . 
Dakota sandst9ne (?) and Morrison formation: 

Sandstone, conglomeratic, absent in sorne 
places.· .......... ~ ................ ; .... . 

Sandstone, gray to pink; Vt1.~ies greatly from 
place to place in thickness, composition, 
and. c'olor. This sandstone ·may be Da-. 
kota, but its color and variable character 
are suggestive of Morrison ... .- ......... . 

Sandstone and shale, variegated (Morrison). 

Ft. in. unfavorable circumstance presented in the Rio 
Puerco field indicated only 297 feet. East of 
the southern end of Prieta Mesa, about 5 miles 
northeast of San Francisco, the {ossils of lot 

600± 

50+ 

78 

2 

25 

35 

.5 
8 

20± 

100 

0 

7981 (p. 198) were collected from the lower part· 
of this sandy portion of the Ma~1cos ~hale fro~ 
a sandstone which may be the Punta de la 
Mesa. Concerning the age relations of these 
fossils Stanton says: "This lot seems to· be­

. long to the Colorado fauna, though a few of 
the fo~ms suggest a somewhat later age." 

Two collections of fossils were made by the 
writer east of the Rio Puerco about 3 miles 
north of San Francisco. The first is from a 
zone of limestone- concretions that seems to 
occupy a horizon about 50 feet above tho top 
of the Tres Hermanos sandstone, although 
the fossils indic_ate a higher horizon. The. fol-:-
lowing species· were collected from it: 

Fossil shells collected east of the Rio Puerco, about S ?niles 
0 no~th of San Franc(sco~ N. J.fcx. 

0 

0 

[U.S. Geol. Survey fossillocality. 7204.) 

Ostrea sp. 
Pinna petrina White. 
Cardium sp. 
Lunatia sp. 
Turritella sp. 
Prionotropis sp. 
Metoicoceras sp. 
Coilopocera..'! colleti Hyatt; 

The second collection is from an exposure 
about half a mile east of the first and estimated 
to be· stratigraphically higher by about 50 feet. 
The strata here dip very slightly to the east, 
and the rocks are .covered with soil in most 

.
0 

places. The shells collecte·d are as follows: 

0 Shells cnllecte~ cast cf the Rio Puerco, about /1 miles north of 
Srin Fra_ncisco~ N. Mex. 

[U.S. Geol. Survey fossil locality 7193.] 

Ostrea lugubris Conrad. 
Anomia sp. 
Inoceramus fragilis Hall and Meek. 
Anchura sp. 
Anisomyon? sp. 
Baculites gracilis Shumard? 
Prionocyclus wyoi:ningensis :Meek. 

No definite· line of separation between the Scaphites warreni Meek and Hayden. 

Mancos and Mesaverde has been drawn in this Ptychodus sp. 

field. The rocks between the 27-foot shale of These· shells indicate horizons near the· 
this section and the Punta de la Mesa sand- cephalopod. zone, but their apparent position 
stone consist of sandstone and sandy shale and as observed in tho field is near the base of 
doubtless have about the same thickness as the Mancos. This may be due to faulting, 
that shown iri the Casa Salazar section ·(850 though little indication of it was noted near 
fee~), although tho measurement made in the·· these localities. 
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During the summer of 1912 the writer, in 
company wit4 ·r. W. Stanton, revisited this re­
gion and collected fossils from place~ ·a few 
miles north of those just described. They are 
reported by dtanton as follows: 

Fossils collected abo·ut .Smiles east of Rio Puerco on road from 
Albuquerque to Casa Salazar, N. Jfex., in shale underlying 
Punta de la Jfcsa sandstone ( ?) . 

[U. S. Geol. Survey locality 7980.] 

Inoceramus sp. 
Nucula sp. 
Cardium sp. 
Corbula sp. 
Gyrodes sp. 
Anchurasp. 
Baculites sp. 
Prionotropis sp. 

Fossils collected from Punta de la Mesa (?) sandstone. 

[U.S. Gaol. Survey locality 798~ (same as '(980).~ 

Ostrea solemscus Meek. 
Ostrea sannionenis ·White? 
Ostrea sp. 
Inoceramus ·sp. related to I. erectus Meek. 
Nucula sp. 
Astarte? sp. 
Cardium sp. 
Tellina modesta Meek. 
Solemya sp. 
Mactra arenaria Meek. 
Mactra sp. 
Corbu]a sp. 
Anchura sp. 
Anisomyon sp. 
Gyrodes sp. 
Baculites sp. 
Scaphites warreni Meek and Hayden? 

Fossils collected abou,t 2 miles east of Rio Puerco on road from 
Albuquerque to Ca.~a Salazar, N. Jfe'J;., in·bank of arroyo 
btlov.' ranch. 

[U. S. Geol. Survey locality 7982.] 

Gryphaea sp. 
Exogyra sp. 
Cardium trite White? 
Inoceramus sp. related to L fragilis Hall and Meek. 
Anchura sp. 

Fossils collected in arroyo south of roadfrom Albuquerque to 
Casa Salazar, N. Jfe:c., abo·ut 2~ m1:les east ofwcst boundary 
of Albuquerque quadran!Jle, apparently only about 50 feet 
above Tres Flermanos sandstone. · 

[U.S. Geol. Survey locality 7983.] 

Ostrea lugubris Conrad? 
Pholadomya sp. 
Turri tella sp. 
Volutoderma sp. 
Acanthoceras sp. 
Placenticeras sp. 
Metoicoceras puerceJ.?-se (Herrick and Johnson). 
M0toicoceras sp. 

Fossil.s collected from same locality as 7983 in shale 100 feet 
thick overluing "cephalopod zone.'! 

[U.S. Geol. Survey locality 7984.] 

Ostrea lugubris Conrad. 
Inoceramus dimidius White .. 
Astarte? sp. 
Anchura sp. 
Anisomyon? sp. 
Baculites gracilis Shumard? 
Scaphites warreni Meek and Hayden. 
Prionocyclus wyorningensis Meek. 

Fossils collected from same locality as 7983 but lower in 
section from 50 feet of shale overlying Tres Bmnanos 
sandstone. 

[U.S. Gcol. Survey fossil locality 7985.) 

Exogyra sp. 
Plicatula sp. 
Lunatia sp. 
Prionotropi.s? sp. 

More detailed investigation of the Mancos 
from Rio Puerco westward is necessary before 
its sub4ivisions and their relations to e_ach other 
and to neighboring formations c_an be properly 
understood. The rocks dip at low angles and 
broad grassy valleys occur at the outcrops of 
the shale. The rocks are faulted and warped 
in some parts of -this field, and in these broad 
valleys it is difficult to :find·a place where there 
is no liability of error in measuring the shale .. 

TIJERAS FIELD. 

The Tijeras coal field is in central New Me-x­
ico, about 14 miles south of Hagan and 20 
miles east of -Albuquerque, on the eastern slope 
of the Sandi~ Mountains. The coal-bearing 
rocks occupy the ceriter of a syncline of irregu­
lar outline about 5 miles long and 2 miles wide 
(see fig. 14), which is bounded on the west by 
the Sandia uplift, on t4e northeast by the Soutll 
Mountain· uplift; and on the southeast by a 
broad but less well defined uplift due to a fault 
·that (in the area mapped) brings the Carbon­
iferous red beds in contact with the Mancos 
shale. The coal-bearing rocks are much dis­
turbed by faulting, warping, and. cru~hing, but 
in general dip from all directions toward the 
center of the syncline. Along the western 
margin of the field the. strata are upturned to 
nearly vertical. The part of the section below 
the coal beds was measured across the edges 
of these upturned beds at San Antonio, for al-: 
though these rocks lie more or less .horizontal 
in the ce1.1tral part of. the syncline,. they are 
there warped, faulted, and ~rushed to such an 
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extent that any measurement is likely to be 
deceptive. The part of the section above the 
Mancos shale was measured ·in a canyon at 
Holrr(es mine near the center of the syncline, 
where these rocks seem to · be disturbed less 
than they are in some other places. · N everthe­
less, the section is given here with some hesi­
tancy; because the measured thickness may 
prove to be very different from th~ thickness 
of the. beds as originally laid down. 
Section of rqcks measured in the T·ijera8 coal .field, N. Mex. 

Mesaverde formation, including possibly 
younger beds: 

Sandstone, coarse grained (not contin­
uously exposed; thickness estimated) 

Sandstone, gray, coarse grained, fria­
•ble, contains Laur_us? sp. (U. S. 
Geol: Survey fossil locality 6033) .. . 

Coal ...................... · ...... . 
Not exposed ....................... . 

Coal. ................ · .......... . 
Not exposed ........................ . 
Sandstone,. coarse grained, hard, cliff 

making (thickness estimated) ....... 
(Abrupt change in lithology.) 
Shale and yellow sandstone. The shale 

predominates in the lower part and 
the sandstone above; contains (lT. S. 
Geol. Sun'ey fossil locality 7187) Os­
trea sp., Inoceramus barabini Mor-

. ton?, Cue7.tllaea sp., Cyprim.eria sp., 
Legummf sp., Gyrodes sp., Yoluto­
mor1Jha ?W1.1ime.xicana Herrick and 
Johnson?, Fusu~? sp., Odontojusus? 
sp ....................... · ........ . 

Shale, with many thin layers of yellow 
flaggy sandstone ................. . 

Sandstone, massive; contains (U. · S. 
Geol. Survey fossil localities 718~ 
and 7185) Ostrea sp., Inoceramus 
sp., Cue7.tllaea sp., Cyprimeria sp., 
Volutomorpha sp., Pyropsis sp., Pla­
centiceras JJlanwn Hyatt, Pla.centi-
c~as sarwarlosense Hyatt, Baculites. 
sp., Sphenodiscus sp., Lamna?• sp. 

Coal with a thin layer of shale con-
taining Ficus sp. above it ...... . 

Shale ..................... : ....... ~. 
Cou.l ........................... . 

Shale, not continuously exposed ..... . 
Sandstorte, massive; contains (U. S. 

Geol. Survey fossilloca.lity 7184) Os­
trea sp., Cue7.tllaea sp., Cue7.tllaea? 
sp., Cardium sp., Cyprimeria ~p., 

Mactra sp., Gyrodes sp., Vol~ttomor-

pha 'IW?Jimexicana Herrick and .John-. 
son,.Placenticcras sancadosense Hyatt. 

ShalP., with Myrica tornyi? and other 
plants (U. S. Geol. Survey fossillo~ 
cality 6031) ........... : .......... . 

Coal ........... ~ .. · .............. . 

Ft. 
400± 

15 
1 

25 
3± 
? 

50 

390 

50 

55± 

1± 
15 

ln. 

0 
6 

0 

0 
. . 0-2± 

15 0 

30 0 

10 0 
1 8 

Mesaverde formation, including possibly· 
younger beds-Continued. 

Shale and sandstone. with thin layers 
of coal; contains (U.S. Geol. Survey 
foss,i.llocality 7183) Cucullaea sp. and 
Cardium· sp ....................... . 

Coal .. · ......................... . 
Sandstone, massive, cliff making; con­

tains CU. S. Geol. Survey fossil lo-
cality 7186) Cardium sp., Callista? 

Ft. in. 
20 0 

2± 

sp., Volutomorpha sp....... .... .. .. 115 0 
Mancos shale: · 

Shale, dark, sandy at top ............ 1, 345 0 
Sandstone (Tres Hermanos member), 

hard, quartr.ose; contains worm bor-
ings and indefinite markings of vari-

. ous kinds ........................ :. 145 · 0 
Shale, dark, with limestone concre-

tions (gastropod zone) ............ . 
Dakota sandstone ...................... . 
Morrison formation: 

Sandstone and sha.le, variegated. 

60 
65 

2,812 

0 
0 

6 

The rocks of the Morrison formation are not 
well exposed, but where seen near San Antonio 
they do not diff13r in ch~racter from those re­
~erred to the Morrison at other lqcalities in 
central.N ew Mexico. They rest on gypsiferous 
red beds. 

The Dakota sandstone is hard and q~artzose, 
and, together with the Tres Hermanos, sand­
stone, forms a prominent double ridge along 
the west side of the field, where the rocks are 
upturned and stand nearly vertical. The dark 
shale of the gastropod zone ·is present at this. 
locality, but it is thinner here than it is farther 
north in the Hagan and Cerrillos coal fields. 
Limestone concretions in this shale, which con­
tain numerous fossils on the Rio Puerco and 
elsewhere; were obser~ed at San Antonio, but 
no fossils were· collected ·from them. 

A sandstone 145 feet thick occurs above the 
the shale containing the gastropod zone. No 
fossils were found in it, but it is stratigraphi­
cally and litholog~cally the same as the Tres 
Hermanos sandstone of the other fields de­
s~ribed in this paper. 

The principal ma$s of the Mancos shale is 
thinner in the Tijeras field than it is in the 
Hagan and Cerrillos fields, but this may be due 
in part to mechanical thinning which may· have 
taken place during the disturbance which up­
turned the Tocks. On the other hand, the shale 
may have originally thinned toward the south 
as it does toward the west, but the distance:of 
10 miles between the ·fields is. sqarcely enough 
to render this hyp_o~hesis tenable. 
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No fossiliferous lenses of yellow ~andstone lie the coal-bearing rocks of the Tijeras field are 
below the coal beds in the Tijeras field as they equivalent in age to the lenses of the" !-lagan 
do in the Hagan field. It has not been deter- field and therefore older than the I-Iagan coals. 
mined whether this absence is to be explained In many ·places in the Tijeras field the basal 
on tlie·assumption that the top of the Mancos sandstone of the Mesaverde contains_ marine 
shale of the Tijeras field is equivalent to the shells of species identical with those found in · 
sandstone lenses of the I-Iagan field, or whether the sandstone below the coal in the Hagan 

13 
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FIGU~E 14.-Map and sections of the 'fije~as coal field,-N. Mex. 

s 

· field. Coal lies immedi­
ately above this sandstone, 
and associated with it are 
fossil-leaves, but only a few 
poorly preserved specimens 
were found. The Mesa­
verde of the Tijeras field 
is essentially a marine for­
mation and yielded shells 
at several horizons, as in­
dic.ated in the section. 

A zone of shale and 
sandstone above the prin­
cipal coal beds contains 
marine fossils and may be 
the ~qui valent of the Lewis 
shale of the southern part 

. of ·the San Juan Basin de­
scribed by Gardner. 222 It 
is. somewhat thicker than 
the Lewis in the southeast­
ern part of this basin, the 
locality at which the Lewis· 
is known to occur nearest 
to the Tijeras field. The 
fossils named in the section 
-indicate clearly the marine 
character of these beds, 
and if the Tijeras section 
were compared· only with 
the sections measured in 
the !-lagan and ·Cerrillos 
fields to the north it would 
seem proper to correlate the 
.coal-bearing rocks with the 
coal measures of the Hagan 
and Cerrillos sections and 
refer the marine beds above 

: them to a higher horizon, 
not now represented in the · 
Hagan and Cerrillos fields. 
On the other hand, if the 
Tijeras section be com­
pared with that of the Rio 
Puerco field the rocks con-

. . 
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taining these n1arine shells appear to represent 
one of the marine horizons in the Mesa verde in 
that field. The fossil shells seem to favor -the 
latter correlation, for they are not character­
istic Lewis species. They do not differ mate­
rially from those found at several horizons 
within the Mesaverde, and because of this fact 
these rocks are included in, the Mesaverde. 

These marine beds are overlain by a coarse­
grained hard, cliff-n1aking sandstone, which 
differs in character and appearance from the 
sandstone below to such an extent that it sug­
gests the beginning or" a new formation. This 
in turn is overlain by coal-bearing sandstone 
and shale. If the underlying beds containing 
the fossils of marine origin prove to be Lewis 
the higher beds may prove to be equivalent to 
the "Laramie'~- of the San Juan Basin. ·No 
fossils except a fe:w poorly preserved leaves 
were fqund in them, and these proved insuffi­
cient for age determination. 

These younger coal-bearing rocks ar~ con­
fined to the center of. the synclinal basin and 
occupy an area of only a few acres. Coal 
occurs near their base,_ but the rocks interven­
ing between it and the cliff-making sandstone, 
which is relatively hard, consist of soft sand­
stone and s~ale, so poorly exposed that the 
thickness could not be measured. Two coal 
beds 25 feet ·apart are known· to 09cur in this 
upper coal-bearing part of the formation and 
were observed at the Tocco coal mine. · The 
rocks above them consist principally of coarse­
grained friable sandstone and, like the basal 

. sandstone just described, are very different in 
appearance from any of the sandstones asso­
ciated with the lower coal beds in this field or 
in the Mesaverde formation of the neighboring. 
fields. 'For this reason these rocks are regarded 
as possibly younger than :Mesaverde, but in the 
absence of definite evidence they are here 
assigned with doubt to the Mesaverde .. 

HAGAN FIELD. 

The IIagan coal field lies east of the Rio 
Grande between the Sandia _and the Ortiz 
Mountains. T4e I-Iagan cod mine, from which 
this field derivesits name, is located about 14 
miles southwest of Cerrillos. The mine has 
been described by }.L R: C~mpbell 203 and the 
coal beds correlated by him and others with 
those opened in the same field at the Sloan and 
the Pina Vititos mines. The rocks of this field 
dip 15°-35° E. and disappear under accumu-

lations of ·rock debris of. comparatively recent 
origin. A section of the Cretaceous rocks at 
Hagan was measured with tapeline across the 

·strike in an ·east-west direction, and the thick­
nesses obtained were corrected for dip. The 
rocks lying stratigraphically below tl;le Dakota 
were described by the writer ·210 a few years 
ago, the top of the section measured ·at that 
,time ending. where the base of the ·present 
section begins. These two may be combined 
to rnake a complete section of the sedimentary 
ro_cks exposed east of the Sandia Mountains. 

~9cction of rock.<J measured near Ha.rJan, N. Mex. 

Qnaterna~•(?): 
Conglomerate consisting· of pebbles anrl 

boulders up to several feet in diameter 
(se,'eral hundred feet). · · 

Unconformity. 
Tertiary: 

Shale and friable sandstone, highly col-
ored in many ~hades of purple, blue, . Feet. 
green, yellow, etc.~..................... 2, 500 

Sandstone, qmglomeratic, with partings of 
red shale;. a coarse conglomerate occurs 
at the base·. Sandstone is all coarse. 
grained, granular, a.nd t'riable........... 195 

Shale, sandy in some places, gypsiferot1s; 
highly colored, like the shale above.... 750 

Sandstone, yellow, conglomeratic at the 
base "~t.h pebbles up to 4 inches in 
diameter in a m'atrix of loose, friable 
sandstone. Pebbles. consist principally 
of quartz, quartzite, chert, jasper; sand- · 
stone like those of lower horizons; and 
fragments of petrified wood. Sandstone 
is ve~·y coarse grained and more or less 
friable throughout, and contains great 
numbers of petrified logs, some of which 

. seem to be of palm wood. Concretions 
of i)ink sandl:!tone occur in the lower 
part.................................. 345 

·Unconformity. · 
Mesaverde formation-: 

Shale, sandy, with soft, friable sandstone. 
The ·shale is carbonaceous with thin 
seams of coal in many places, and several 
coal beds l to 6 inches thick occur near 
the top. Large concretions of yellow 
and chocolate-colored calcareous sand­
stone, yellow cone-in-cone structure 
limestone, and ironstone throughout. 
'l'he foll_owing fossil leaves were found at 
the top of this shale half a mile north of 
Hagan (U. S. Geol. Survey fossil ~ocality 
60~0): Brachyphyllum sp., Ficus sp., and 

3, 790 

Dalberg1:a n. sp ............. ·. . .. . . . . . . .. . 600 
·sandl'!tone in· thick, ma..c;sive plates; forms 

the crest of the ridge at Hagan mine; 
fossiliferous....... . . . . . . . . . . . . . . . . . . . . . l 20 
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Mesa verde formation-Continued. 
Shale, sandy; contains crystals of gypsum 

(selenite) and fossiliferous concretions 
of sandstone. Fossil leaves at the top 
(U. S. Geol. Survey fossil locality 6022) 
are Alga, CyperaCites sp:, Gleichenia 
rhombifolia · Hollick, Trapa microphylla 
I.esquereux, Nelu:mbo internudia? 
Kn,owlton, and Carpites n. sp ....... · .. . 

Coal .... · ..................... : ..... ·. 
Shale, chocolate-colored ............ ~. · 
Coal ................................ . 

Sandstone, gray to brown, hard, · :fine 
grained; in layers alternating with shale. 

Rhale, sandygray ... ~··········--·--·--··· 
CoaL.~-- ........................... . 

Sandstone and shale in alternating layers; 
contains (U. S~ Geol.' Survey fossil local­
ity 6023) Protophyllocladus sp;, F·icuslan­
ceolata H eer, F1:cus praetrinervis Knowl-
ton, Quercus sp .................... ! : .• 

Sandstone, massive, gray, coarse grained, 
cross-bedded; contains petrified wood; 
lies with tmeven contact on coal, 5 to 15 
feet ................................... . 

Coal (Hagan mine) ......... ~ ~ ...... . 
Sbaie, carbonaceous, chocolate-colored ... . 
Sandstone, shaly, and carbonaceous shale .. 
Sandstone, calcareous, chocolate-colored .. 
Shale, sandy ......... : .................. . 

Coal, shaly ........... _ .............. ~ 
Shale ................................. :._. 

CoaL .............•.... -............ . 
Covered (thin beds of coal occur at this 

horizon one-half a mile farther north) .. . 
Sandstone, massive, friable, light gray .... . 
Not well exposed. There are several small 

ridges formed by. the outcropping of 
eandstone layers in which are concretions 
of chocolate-colored sandstones and fos­
siliferous limestones; contains (U. S. 
Geol. Survey fossil localities G778 and 
7172) Ostrea eleyantula Newberry, Ostrca 
sp., Anomia-·sp., Syncyclonemasp., Modi­
ala sp., Inoceramus barabini Morton, 
Inoceramus sp., Lithophagus sp., Leda 
sp., Cucullaea sp., Cardium sp., Le­
gumen sp. related t<;> L. planulatum 
Conr·ad, Liopistha . undata Meek and 
Hayden,_ Tellina sp., Jfactra sp. related 
to M. formosa l\feek and l:Iayden·, Mactra 
sp. related to M. gracilis Meek and, Hay­
den, . Mactra sp., Turritella sp., Gyrodcs 
sp., Lunatia sp., Pterocerdla sp·., Fascio­
laria? sp., Turris sp., Pyr-ifusus? sp., 
Pyropsis? ·sp., Volutomorpha nodmexi­
cana Herrick and Johnson, Actaeon sp., 
Placenticeras whitfieldi Hyatt, Placenti­
ceras intercalare Meek and Hayden, Pla­
cent·iceras sancarlosense Hyatt, Placenti­
ceras planum Hyatt, Scaphites sp. relat_ed 
to S. hippocrepis Dekay, Lamna sp. 
(shark teeth), fish vertebrae.~ ...... · ... : 

Feet. 

34. 
1 

! 
1 

12 
3-
1 

10 

10 
3± 
1 

21) 
4 

25 
1 
4 

1! 

82 
20 

220 

Mesaverde formation-Continued. 
Shale and sandstone not well exposed ..... 
Sandstone with a subordinate amount of 

shale. The sandstone occurs in large 
lenticular masses and contains irregular 
masses of brownish-yellow to chocolate.,. 
colored, fossiliferous limestone. Gastro­
pods are most numerous near the base. 
Contains (U.S. Geol. Survey fossil loc-al­
ities 6779 and 7175) Ostrea sp. related to 
0. lugubris Conrad, Ostrea (A7ectryonia) 
sp., Inoceramus barabini Morton, Inocera­
mus sp., related to I. acutiplicatus Stan­
ton, Pinnasp.,·Cucullaeasp., Card~umsp., 
Crassatellites shurriardi Meek, Cyprirner-ia 
sp., Tellina sp., Turritella sp., Anchura? 
sp.; Gy1·odes sp., Turris sp., Pyrifusus? sp., 
Volu.tomorpha no·virnexic~na Herrick and 
Johnson, Pyropsis? sp., Odontofusus? sp., 
Volutoderrrw? sp., several undetermined 
gastropod genera, Nautilus dekayi Mor­
ton~, Placenticeras sancarlosense Hyatt, 
Placenticera8 intercalare Meek and Hay­
den, Larnna sp. (shark teeth), :fish ver-
tebrae ........................... ~ ... . 

Mancos shale: 
Shale with a few layers and concretions of 

limestone. The upper part, 100 to 200 
feet thick, is sandy and yellowish in 
color and contains (U. S. Geol. Survey 
fossil localities 7171 and 7173) Anomia 
sp., Inocera-mus Ap. related to I. acuti­
plicatus Stanton; Inocerarnus sp. related 
to I. sage·nsis Owen, Cardium sp., Gyrodes 
sp., Pyropsis? sp., Volutomorpha novi­
mexicana Herrick and Johnson; but the 
principal part is dark and contains few 
fossils except a very la1·ge species of Irw­
ceramus. Thin layers of fossiliferous lime­
stone occur near the base and contain 
(U. S. Geol. Survey fossil locality 717R) 
Inoceramus labiatus Schlotheim, Inocera­
mus fragilis Hall and Meek, Prionocyclus 
'wyomingensi.~ Meek ................. · ... . 

Shale with fossiliferous limestone concre­
tions at the_ top, containing (U. S. Geql. 
Survey fossil locality 7177) Ostrea lugu­
bris Conrad, Ostrea sp., Inoceramus labi­
atus Schlotheim, Inoceramus jragilis Hall 
and Meek, Pecten sp., Pinna petrina 
White, Cardium sp:, Isocardia sp., Ana­
tina sp., Pholadomya sp., Mactra? sp., 
Turritella sp. related to T. whitei Stan­
ton, Gyrodes sp., Volutoderma dalli (Stan­
ton), Actaeon sp., Placenticeras ~p., Pr·i-
onotroJn:s (two or more species) ........ · .. 

Limestone containing Inoceramus labiatus 
Schlotheim ........................... . 

Shale ................................... . 

Feet. 
415 

265 

1, 854± 

. 1,405 

400 

1 
175 
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Mancos ahale-Continued. Feet. t!ie base of the shale is full of shells of lnocera-
Sandstone (Tres Hermanos), quartzose, muslabiatus, a characteristic fossil of the Green-

consisting of thin, contorted layers with horn limestone. A zone lying about 400 feet 
numerous worm borings and mark-ings of 
many kinds-; also poorly preserved gas- above this limestone has been called the cephal-
tropods and other she11s...... .. . . . . . . . . . 5 opod zone by Herrick.1468 It is characterized 

Shale (gastropod zone).. . . . . . . . . . . . . . . . . . 90 by numerous ·limestone concretions, which are 
---'---

Dakota sandstone: 2, 076 very fossilifero~s and yielded the fossils (lot 
Sandstone, white, friable, cross-bedded, 7177) named in tlie section. 

locally conglomeratic. . . . . . . . . . . . . . . . . . 50 In the lower part of this concretion zone a 
Morrison formation: petrified log 10 inches in diameter was found. 

Shale, variegated, and sandstone········· 200 The interior portions of it are silicified, and the 
7,970 

The Dakota sandstone is massive, conglom­
eratic, quartzitic in some places and friable in 
others, f).nd its thickness changes from 15 to 
50 feet or more in relatively short distances. 
No fossils were found in it, and its reference to 
the Dakota is b'ased on its· similarity in 
lHhologic character and stratigraphic position. 
to· the Dakota of neighboring regions. 

The :Mancos shale here,· as elsewhere in the 
areas described in this paper, includes several 
more or less well defined zones that can be 
recognized over wide areas by their lithologic 
characters and by characteristic fossils. The 
lowest or gastropod zone, so called by.Herrick 
iLnd Johnson 146 in the Rio Puerco :field, is found 
in a dark shale 90 feet thick, and here as else­
where in central New Mexico contains lime-
stone concretions. However, these are not so 
fossiliferous as are those of the gastropod zone 
on the Rio 'Puerco. A few imperfect shells, 
mostly of the genus Inoceramus, were seen in 

oit, but none were collected. 
The Tres Herinanos sandstone 146 is recog­

nizable in thi.s :field, but it is only 5 feet thick 
where the section was measured. However, 
it increases to i5 or 20 feet in some places near 
by. It was observed along the outcrop from 
.a point about 2 miles south of Hagan for about 
.8 miles northward to Pina ·vitit9s; where it 
-disappears under surface debris. It contains· 
a few poorly preserved gastropods and frag­
ments of other shells. 

The main body of the Ma~cos shale overlies 
the Tres IIermanos sandstone. It was meas­
ured and examined with much care near Hagan. 
Its lower half is a dark shale containing 
thin layers and concretions of limestone. Its 
·upper half is more or less sandy and weathers 
to brownish yellow. These two subdivisions 
were readily recognized throughout the Hagan 
field. A thin limestone ab9ut 175 feet above 

silica center is Sllrrounded by a.n envelop~ of 
.coal about half an inch thick. Seventy-five 
feet above the top of the concretion zone the 
shale contains thin layers of dark limestone 
containing fossils (lot 7178 in the section). · 
These shells, together with those from the· con- · 
cretion zone below them, belong to the Benton 
fauna. Several of the species are the same as 
those that Johnson 161 included in his Benton. 
The writer visited Johnson's locality near the 
sn1elter of Cerrillos and is convinced that the· 
horizon represented there is about the same as 
that indicated in the section 75 feet above the 
cephalopod zone. 

.A,t still higher horizons the Mancos shale con­
tains specimens of Inoceramus 18 inches or 
niore in length. The shells . are fragile and 
. crumble so easily that none were collected: 
They appear to be the same species that the 
writer has observed in many places near the 
center of the Mancos shale west of the Rocky 
Mountains and near the middle of the Pierre 
shale east of these mountains. 

The. upper part of the Mancos consists of 
sandy shale about 700 feet thick, which may 
be the time equivalent of the sandy transitional 
beds at the top of the Mancos in other places. 
On the other hand, it is possibly more ·appro- · . 
priate to regard this sandy shale as the lower 
part of the Mesav~rde, for the fossils contained 
in it (7171 and 7173) do not differ from those 
of the overlying Mesaverde formation. 

The line- of separation between the Mancos 
and. the Mesaverde formation is here drawn -at 
the base of the massive yellow sandstones be-· 
iow the coal beds. (See Pl. XXVIII, A.) The 
lower part of the Mesaverde is not continu­
ously exposed at Hagan. It consists of sand­
stones that form prominent ridges .separated 
by depressions, in w:hich softer rocks, presum­
ably shale, are poorly exposed. The sandstones 
are more or less lenticular, and no one of them 
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has been traced for any considerable distance. 
They weather to rusty· yellow _and contain .ir­
regular masses of earthy limestone, in which 
were found great numbers· of fossil shells (see 
section) that do not differ materially from 
those found in the shale below. In other 
words, the rocks here referred principally on 
lithologic character to the top of the Mancos 
are faunally not divisible from those referred 
to the base of the Mesa verde. 

The upper part of the coal-bearing rocks of 
the. Mesaverqe are well exposed near Hagan 

. mine and contain several becis of coal, two of 
which ha-ve been opened at the mine. Alter­
nating wit~ these beds_ are layers of carbona~ 
ceous shale and chocohtte-colored sandstone 
in which are fossiliferous concretions of yellow 
calcareous sandstone similar in general appear­
ance to the concretions that contain the marine 
shells at lower horizons. The concretions lying 
just above. the principal opening ~f the Hagan 
-mine yielded the fossil plants of Mesaverde age 
(lot 6023) named in the section. . Leaves and 
large petrified tree trunks occur at somewhat 
lower horizons. · 
. The shale between the coal beds contains 

large crystals of selenite. This shale, as well 
as the sandstone associated with it, does not 
"differ in general aspect from the beds of marine 
origin immediately below the coal. 

The 600 feet of shaly rocks above the main 
coal beds are more variable in constitution than 
those at lower horizons.· In their lower part 
they contain great numbers of concretions of 
earthy limestones; near the· top they are more 
carbonaceous and in some places contain sev-. 
eral thin beqs of coal. These beds have been 
prospected, but no coal more than a few inches 
thick was observed, although much carbona­
ceous shale was seen. 

The measured thickness of 600 feet is prob­
ably more than the normal thickness of ·this 
shale. The measurement was made across the 
trough of a tilted syncline, and it is possible 
that the shale has been mechanically thickened. 

·Farther north it is not so well exposed arid no 
measurement of its thickness was made, al­
though the interval occupied by it was esti:.. 
mated at considerably less than 600 "feet. The 
rocks at Pina Vititos, which probably repre­
sent this shale, measured 460 feet. 

Lying unconformably upon these highest 
coal-bearing rocks is a conglomerate that" con-

stitutes the base of an extensive series of rocks 
younger thari. the Mesaverde. These rocks are 
hi"ghly colored and consist of shale, sandstone, 
and conglomerate that are similar in many ways 
to the Galisteo sandstone of the Cerrillos coal 
field but that differ from the typical Galisteo in 
being much more shaly. Their conglomerates,. 
too, consist of well-round~d pebbles of ha.rd 
rock, whereas those of the Galisteo sandstone 
near Cerrillos contain many angular and slightly 
worn blocks of relatively soft rock.· However,. 
the pebbles of the low·est conglomerates near: 
Cerrillos are similar to those in the I-Iagan field 
and the larger and more angular ones are to­
ward the top of the formation.· On th~ other 
hand, these colored rocks in the Hagan field are· 
very similar in compo~ition, color, and general 
appearance to the Tertiary rocks of the ·Rio· 
Pueico field, 30 miles to the west, and hold the, 
same stratigraphic position. Although it se.ems. 
probable that these rocks will eventually prove 
to be the time equivalent of some of the Ter-· 
tiary formations of the San Juan River region 
farther west, they are provisionally correlated 
with the Galisteo sandstone. No fossils-except. 
petrified wood were found in them. . (See Pl. 
XXVIII, B.) This occurs in the formation at 
all ·horizons in the form of tree trunks 1 to 5 

feet or more in diameter, and in the conglom­
eratic part ~ well-worn pebbles, probably de­
rived from tree trunks that were ~ormerly em-· 
bedded in the eroded portions of the under­
lying· coal measures. 

The youngest rocks near Hagan are coarsely· 
conglomeratic and lie with conspicuous angu-· 
lar unconformity on the eroded edges of the red' 
beds northeast of Hagan (Galisteo san.dstone ~) ,. 
on the Mesa verde near I-Iagan, and on the Mancos 
shale and older rocks farther to the south. They·· 
consist principally of blocks of igneous roc_k de-· 
rived in recent geologic time mainly from the, 
Ortiz Mountains and constitute part of the beds. 
which in the Cerrillos region were referred by 
Johnson 161 to the Santa Fe marl, which, ac­
cording to his definition, included, with the·. 
Tertiary, all rocks of the region younger than 
Tertiary. They are the rocks that form the· 
aggraded parts of what has been described in 
this region as the high-altitude conoplain. 

The Sloan mine is located in the Hagan .field 
about 3 milef:} north of Hagan mine, and the, . 
formations of the Hagan section are all exposed 
there. The coal beds have been described by· 
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A. COAL-BEARING PORTION OF MESAVERDE FORMATION AT HAGAN, N. MEX. 

a, Foss il plant locality 6022; b, foss il pl ant locality 6023; c, principal coal bed. 

B. FOSSIL WOOD IN TERTIARY DEPOSITS, NEAR PINA VITITOS, HAGAN FIELD, N. MEX. 
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M. H.. Oampbell,203 who quotes. a section of 
the coal-bearing rocks measured by ·C. R. 
Keyes. The Mancos shale below and the 
Galisteo ( ~) sandstone overlying the Mesaverde 
are present and are characterized by the same. 
features as those described from Hagan and 
from Pina Vititos. 

The Mesaverde is fossiliferous at several hori­
_zm~~- The massive sandstone underlying the 
principal coal beds contains Iialymenites major 
Lesquereu."\:, and some of the species of shells 
that were found in the :Mesaverde at Hagan. 
Fossil plants-Ficus leei Knowlton, Ficus 
eucalyptifolia KnQw1ton, Myrica torreyi Les­
quereux, and several. undescribed for:t;ns~were 
found in the white sandstone overlying the 
main bed of coal (U. S. Geol. Survey ·fossil 
locality 6026). These species were found ag~tin. 
at about the same hm:izon in a gulch half a mile 
south of the Sloan mine. 

Pina Vititos is the name of a coal mine at the 
north end of the IIagan field, about 3 miles 
north of the Sloan mine and about 14 miles 
west. of Cerrillos. All of the formations from 
Dakota to Tertiary are well exposed in the 
gulch in which the mine is· located. They all 
dip about 30° E. and pa::;;s under a cover of sur­
face debris. Those below the Mesaverde do 
not differ in kind or character from the Mancos 
at I-Iagan and were not examined in detail. A 
section of the Mesaverde and younger rocks 
was measured with tapeline in the gulch and the 
measu!ements corrected for dip. 

Section of rocks measured at Pina Vititos, N. llfex. 

Quaternary(?): 
Conglomera.te and breccia, containing a f.ew 

pebbles of quartz, chert, etc., but consist­
ing principally of blocks of igneous rock up 
to 5 feet or more in diameter, cemented to a 
resistant mass (many hundred feet). 

Sandstone composed principally of igneous Feet. 
material....... . . . . . . . . . . . . . . . . . . . . . . . . . . 165 

Unconformity. 
Galisteo (?) sandstone: . 

Sandstone, friable, slightly colored.......... 330 
Conglomerate, composed principally of colored 

chert up to 3 inches in diameter... . . . . . . . 10 
Sandstone: shaly, friable; variegated in color, 

shades of pink and yellow predominating.. 460 
Sandstone, friable, shaly, varicolored, with 

irregular masses of conglomerate at many 
horizons consisting principally of pebbles 
of f!hert; contains great numbers of petrified 
logs ..................................... 1, 125 

Sandstone, friable, whitetolightpinkincolor; 
contains pebble.s of chert throughout .. ~... .· 200 

Galisteo (?)sandstone-Continued. Feot. 
Sandstone, shaly, dark red.................. 400 
Conglomerate............... . . . . . . . . . . . . . . . . 25 
Sa.Q.dstone, shaly, locally conglomeratic, pink 

to white i.n color.......................... 330 
Conglomerate, massive...................... 25 
Sandstone, shaly, locally conglomeratic, pink 525 
Conglomerate, coarse, maSsive.............. 10 
Sandstone, shaly, friable, varicolored, con-

. glomera tic at many horizons............ . . . 200 
Sandstone, conglomeratic at the base, more or 

less shaly above, with conglomerate- at 
many horizons; petrified logs 1 to 6 feet in 
diameter are numerous............. . . . . . . . 1, 120 

unconformity. 
Mesaverde formation: 

Shale and sandstone with ironstone concre-
tions ...................•..... ·........... 460 

Sandstone ....... ~. . . . . . . . . . . . . . . . . . . . . . . . . 10 
Shale with sandstone concretions, 1 foot 6 

inches of coal near t.he top; contains at the 
base (U. S. Geol. Survey fossil locality 
6028) Ficus sp. t)rpe' of F. lanceolata Heer, 
Ficus wardii? Knowlton, Ficus praetrinervis 
Knowlton, Ficus leei Knowlton, Viburnum 
sp., and undescribed dicotyledons........ 200 

Coal. ............................ >.... 2± 
Shale...................................... 150 

Coal. ................ ~................ 1 
Shale .............................. :....... 3 

Coal ............ ~..................... 1 
Shale .................................. :... 7 

Coal.................................. 1 
Shale ............ .'......................... 5 
Sandstone, massive gray....... . . . . . . . . . . . . . 130 
Shale, sandy in the upper part, with lenses 

and concretions of sandstone. 
Mancos shale.-

5,.895± 

The Mancos shale is well exposed west of the 
outcrop of the M.esaverde and does not differ 
in any essential manner from the Mancos of the 
!-lagan section. As at Hagan, .the lower part 
consists mainly of dark shale. and tbe upper 
part of sandy shale which weathers to yellowish 
brown and contains fossiliferous concretions of 
impure limestone. No. coal or carbonaceous 
shale was found below the sa1idstone that .is 
here regarded as the base of the · Mesa verde; 
the sandy shale.is regarded as the transitional 
zone at the top of the Mancos, although it is 
quite possible it may be the equivalent in time 
of . the lower part of the Me~a verde of other 
localities. 

At the base of the measured section occurs 
a, massive sandstone that appears to be at the 
same horizon as that at the base of the Mesa­
verde at Hagan. Five coal beds exposed in 
the nnne entries, now abandoned; and several 
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·.prospect openings were observed above this 
massive sandstone. · The coals apparently hold 
the same position as those previously described 
from the Sloan and Hagan mines. Fossil 
plants were found at several horizons ·closely 
associated with the coal beds, and several (lot 
6028 in section) were collected principally from 
the sandstone and shale overlying the main 
coal bed. · '· 

A series· of shales and sandstones a bov.e the 
coal-bearing rocks. contain ironstone . concre­
tions and may be the time equivalent of the 
rocks constituting the highest shaly member of 
the Mesaverde at Hagan. · 

On these shales and sandstone there rests 
unconformably, as at· Hagan, the basal con­
glomerate of the colored beds which are cor­
related in a general way with the Galisteo. 
sandstone of the Cerrillos' field. They contain 
great numbers of petrified logs, some of them 
very large, but ·most of them so .poorly pre­
served that no spec!fic determinations· have 
been made. No identifiable fossils have been 
found in these colored rocks, and· their geo­
logic age is not known. 

The coarse conglomerate which overlies .the 
colored beds i~ composed principally of igneous 
material derived from the Ortiz Mountains in 
angular blocks from .a few inches to several 
-feet in diameter .. The material is irregularly 
·bedded and the beds dip 30° E., about the same 
as _the underlying rocks. The thickness, ob­
tained by correcting for dip the distances 
measured across the strike in the upper part 
of the gulch locally known as Devils Canyon, 
is about 3,000 feet, but this may be in excess· 
of the actual thickness, for. the bedding is_ too 
irregular to admit of accurate determinations. 
It is certain,· however, that this conglomerate 
is many hundreds of feet in thickness. It is the 
same as the youngest conglomerate of the 
Hagan secti.on that was described as lying· 
unconformably on the Galisteo 0), Mesaverde, 
and Mancos formations. 

CERRILLOS FIELD. 

The Cerrillos coal field is better known than 
those just described, mainly because of the 
productive mines which have been operated 
in it for many y~ars. The coal-bearing rocks 
occupy a syncline between the. Ortiz Moun­
tains and Galisteo Creek , and extend from 
G-alisteo westward for. ·about 14 miles. The 

syncline is unsymmetrical and the . rocks are 
warped and faulted· in many places, but in gen­
eral they dip from all directions toward the 
center of the syncline. The general geology of 
this ·field has been described by D. W. John­
son 161 and will be considered in this paper no 
further than is necessary for an understanding 
of the age and structural relations of the Cre­
taceous and younger formations. The coal­
bea;ring -rocks are referred to the Mesaverde 
and are correlated with those of the Hagan, 
Tijeras, Rio Puerco, and Cabezon fields. (See 
fig. 13, p. 179.) 

The principal coal beds of the upper part of 
·the Mesaverde formation have been opened at 
Madrid, ·and .their thickness, character, and 
s_tratigraphic position are well known from 
mining operations. Coal _has been mined from 
three beds, the lowest of which, known as the 
Cook & White coal bed, averages 3 feet in 
thickness. One hundred feet stratigraphically 
above this is the Peacock coal bed, aver.aging 1 
foot 8 inches in thickness, and 22 feet higher is 
the White Ash bed, which normally contains 
cokillg bituminous coal averaging 5 feet 6 . 
inches in thickness. · Near Madrid the White · 
Ash coal has been changed to anthracite by the 
intrusion above the bed of a sheet of igneous 
rock 400 to 500 feet thick. The anthracite coal 
averages 3. feet in thickness. From data 
obtained in mining and kindly furnished to the 
writer by Mr. G. A. Kaseman, a section of the 
coal-bearing rocks at Madrid has been con.:. 
structed. This section probably furnishes the 
best standard with which .to compare others 
measured in the Cerrillos coal field, although 
fossils are so scarce as to be of little assistance 
in correlation. 

Sec~io~ of rocks exposed at Madrid, N. Mex. 

;(For graphic section see fig. 15, p. 208.] 

Intrusive ig~eous rock. 
Shale containing fossil pla,.nts, Sequoia reichen­

bachi (Geinitz) Heer (U: S. Geol. Survey fossil 
·locality. 6071) .... ·~ ........................ · .. 

Coal ('White Ash bed) ................... . 
Shale and sandstone ................. · ........ . 

Coal (Peacock bed) ..................... . 
· Shale and sandstone ........................ .. 
Sandstone .................................. . 
Shale ....................................... . 
Sandstone.~ .................. · .............. . 
Shale with thin seams of c0aL ......... : ..... . 
Shale ............. , .......................... · 
Sandstone ............................... ~ .. . 

Ft. in. 

5± 
5 6 

22 0 
1 8 
3 0 

20 0 
20 0 
20 0 
2 0 
G 0 

2® 0 
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Ft. in. 
Shale ....................................... . 3 0 

Coal (Cook & White bed ...... -........... . 3 0 
Sandstone and shale ......................... . 5 0. 
Sandstone ........................ ~ ......... . 16 0 
Shale .................................... · .. ·.·. 8 0 

Coal ............ : ........... · ........... . 11 
Shale ....................................... . 9 0 

. Coal .......... .' ........................ . 8 
Shale ....................................... . 16 0 

191± 
Few fossils were found in the coal-bearing 

rocks at Madrid, although careful search was 
made for them. The shale beds overlying the 
coal in the mines near Madrid yielded fossils· 
at only one locality-about a 1nile south of 
·Madrid in the roof of a prospect opening in the 
White Ash coal bed, where conifers (Sequoia 
reichenbachi (Geinitz) Heer) were found. Where 
the Cook & White bed crosses Coal Gulch north 
of Madrid this coal bed is overlain by a mas­
sive sandstone containing pinkish-brown sand­
stone concretions, in one of which were found 
i1npressions of shells simil'ar in appearance 
to some of the shells of marine origin that 
occur so abundantly in the sandstones at the 

. base of the Mesaverde.- The writer found no 
other shells above the coal beds near Madrid, 
but J. J. Stevenson so reports the occurrence.of 
Z,noceramus and Ostrea in the coal-beal'ing 
rocks. 

The -rocks at :Madrid dip about 15° E. and 
the mine entries have been driven down this 
dip under an intrusive sheet of igneous rock 
which forms the crest of a hill east of the town. 

· Above this sheet, in a gulch about half a mile 
east of Madrid, coal-bearing rocks are exposed 
near the mouth of an abandoned mine. A sec­
tion measured by D. W. Johnson 161. _at this 
locality was later confirmed 'by the present 
writer, who added fossil plants to those already 
reported. 

Section of rocks measured at an abandoned coal mi~e half a 
?nile east of :Madrid, N. Jfex. 

[For gmL)hic section soc fig. 15, p. 208.] 
• · Feet. 

Loose sand, upper part concealed ................... . 
Intruded lava sheet..... . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sandstone, soft.................................... 8 
Intruded lava sheet..... . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Sandstone, soft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Sandstone, indurated, containing (U. S. Geol..Survey 

fossil locality 6019) Ficus rham,noides? Knowlton, 
P.i<:us uncata? Lesquereux, Ficus speciosissima? 
\Vard, Sabal? sp., Qttercu,s? sp., Aralia? sp... .. .. . . 9 

Shale, carbonaceous ............................. :.. 10 

Feet. 
Sandstone......................................... 6 . 
Intruded lava sheet................................ 10 
Shale.............................................. 4 

Coal.......................................... 2 
Shale.............................................. 3 

66 

The rocks of this sQction lie stratig~aphically 
below the Galisteo sandstone and above the 
intrusive sheet of igneous rock that overlies the 
highest or White Ash coal bed at Madrid. The 
thickness of this intruded rock is shown in drill­
hole records. 'In one hole SUJ.?.k in the. gulch ~ 
few hundred feet northeast of the old mine just 
mentioned and about· 4,500 feet east of the 
principal opening at the outcrop of the White 
Asl;l coal bed the drill penetrated sqmething 
like 75 feet oj rock that seems to belong to the 
Galisteo sandstone before it reached the coal­
bearing rocks of the Mesa verde and encoun-

. tered beds that seem to be equivalent to 'those 
oft~~ section _just given. ·After passing through 
the Igneous rock a group of'coal beds were en­
countered that doubtles~ are the same as those 
opened at Madrid. The record follows: 

Section ·of rocks penetrated by .diamond drill 4,500 feet· east of 
the line of outcrop of the White Ash. coal bed at Madrid, 
N.Mex. 

[Tho rocks dip 15° E. The measurements made of the core taken from 
tho vertical hole are slightly in excess of the true thicknesses of the 
rocks. For graphic section see fig. 15, p. 208.] 

Galisteo sandstone: Ft. in. 

. Sandstone, gray to brmv;n~.................. 39 
Shale, brown ............................ ~. 4 
~Sandstone, gray~............................ 12 
Shale...................................... 7 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Sandstone,. gray................. . . . . . . . . . . . . 5 
Shale, gray to red........................... 22 
Sands~one, gniy to red...................... 19 
Shale, ,gray to red........................... 22 
Sandstone, gray................. . . . . . . . . . . . . 36 
Shale, gray to red........................... 8 0 
Sa:ndstone .... :.. . . . . . . . . . . . . . . . . . . . . . . . . . . 7 0 

Mesaverde formation: . 
Shale, gray. to red........................... 28 
Shale, carbonaceous with thin seams of coal. 3 
Shale, dark ......... · ........... : . . . . . . . . . . . 12 

Coal ................................. . 
Shale, carponaceous ........... ~............ 4 
Igneous rock .................... ·_ .......... 425 
Shale,. dark .............................. . 8 

0 
0 
0 
6 
6 
0 
0 

Coal ........... · ...................... . 
Shale, dark ........... _ ................... . 

Coal ........................... _._ ... . 

. 1 2 
6 10 
1 . 2 

Shale, dark ............. .' .............. __ .. 
Ooal ............ _. __ . _. __ .. _·_ ..... _. _. 

Shale, dark .............................. _. 
Coal ............... _ ............ __ ... . 

. 2 0 
1 
2 
1 

0 
9 
1 
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Mesaverde formation-Continued. 
Shale, dark ............. : ....... ~ ......... . 

Coal, shaly ........................... . 
Shale, dark ........... 

0 

••••• : ••••• : ••••••• .-. 

Ft. in. to those describe·d later near Omera farther 
4 0 east and to the lower coals near" Rogers" west 
! ~ of Madrid. The record follows: 

Coal .................... : ............ : 
Sandstone, sha.Iy ... : ...................... . 

1 · 8 Section of rocks penetrated by diamond drill 6,8()0 feet east 
19 4 of the line of outcrop of the White Ash coal bed, near 

9 0 :!Jfadrid, N. Mex. Sandstone ..................... · ........... . 
Coal ........................ : ........ . 

Sandstone.· .... : . ......................... . 
1 0 

[The rocks dip 15° E. Measurements made or the cord taken from the 
3 0 vertical hole are slightly in excess or the true thicknesses of the rocks. 

Shale, dark ............................... . 3 0 For graphic section see fig. 15, p. 208.) 
Sandstone ................................. · 

Coal ................ · .................. . 
Shale, dark .......................... : . ... . 
Sandstone ........... · ..................... . 
Shale, dark ............................... . 
Sandstone ................................ . 
Shale, dark ................... : ........... . 
Sandstone~ ..... : ......................... . 
Shale, dark .................. ; ...... · ...... . 
Sandstone, brown ............ · ........ : . .... . 

13 0 
6 

4 ~ 
9 0 
3 0 
4 0 
4 0 
2 0 
4 0 
7 0 

Galisteo sandstone: 
Gravel and boulders .................... . 
s·andstone .............................. . 
Shale ................................... ·. 
Igneous rock ............................ . 
Shale, red to gray ................... :- .... . 
Sandstone, variegated in color ............ . 
Shale, dark ............................. . 

Shale~ dark ........... · .................... . 1 0 Mesaverde formation: 
Coal ....................... ~ ......... . 

Sandstone ........................... : .. ·... 1 
Shale, dark ............................... ~ 4 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

Coal.................................. 1 
Shale...................................... 1 
Sandstone................................. 14 
Shale .... .' ................................. · 4 
Sandstone................................. 14 
Shale...................................... 2 
Sandstone ........................ .'........ 11 

6 
6 
0 
0 
6 
6 
0 
0 
o· 
0 
0 

Coal ................................. . 
Shale.; ................................... . 

4 1 
1 11 

861 0 

In a second drill hole put .down 6,800 feet 
east of the outcrop of the White Ash coal bed 
the drill reached a depth of 1 ,Q02 feet anq 
penetrated not only the beds represented in 
the first record but also· those of stratigraphic 
horizons considerably lower. The Galisteo' 
sandstone occupies. the surface in this region, 
but nothing in the record indicates its thick­
ness at this locality except its red or variegated 
color which, however, may be caused by the 
1netmnorphic action of the intrusive igneous 
rock. As no c()al is known to occur in the 
Oalisteo sandstone, 'it seems safe to draw the 
line of separation between this formation and 
the Mesaverde above the highest coal. bed. 
(See fig. 15.) This record shows the occur~ 
renee of three groups of coals. The highest 
group obviously corresponds to that repre­
sented by the beds underneath the sheet of 
intrusive rock in the first record and to those 
of the Madrid section. The two lower groups 
probably correspond in stratigraphi~ position 

47019°-17-·14 

Sandstone, gray ........................ . 
Shale .................................... . 

Coal, anthracite ................... ·.· .. 
Shale ......................... .- .......... . 
Sandstone, dark ........................ . 
Shale ................. · ....... · ........... . 

CoaL .................. ··········:·· 
8hale ................................... . 
Sandstone .............................. . 
Sandst<me, light ................... : .... .. 

Coal ............................... . 
Shale ............ .- ............. ·.'· ....... . 
Sandstone ............... · ............... . 
Shale ................................... . 

· Coal ............................... . 
··shale ...................... : ............. . 
Sandstone .............................. . 
Shale ............ .- ...................... . 
Sandstone ....... : ...................... . 
Shale ................................... . 
Sandstone, shaly ........................ . 
Shale, sandy ............................. . 

Coal ............................... . 
Sandstone ................................. . 

. Shale .................................... . 
Sandstone .............................. . 
Shale ..... ~ .............................. . 
Sandstone .................... : ......... . 
Shale .............. ~ .................... . 
Sandstone ............... · ............... . 
Shale ................................... . 
Sandstone .............................. . 
Shale ................................... . 
Sandstone .............................. . 
Shale ................................... . 

' Sandstone ............................... . 
Shale ................................... . 
Sandstone .............................. . 
Shale ................................... . 
Sandstone .............................. . 
Shale~ .................................. . 

Coal ........ · ....................... . 

Ft. in. 
49 0 
32 0 
23 0 

497 0 
11 1 
27 0 
11 0 

-----
650 1 

27 0 
·13 0 

'4 0 
10 0 
8 0 
2 0 
1 0 

16 0 
9 0 
5 0 

8 
1 4 
4· 0 
3 0 

6 
3 6 

19 o· 
11 0 
2 0 
1 0 

24 0 
13 0 

4 
9 8 

10 0 
4 0 

14 0 
5 o· 

14 0 
6 0 
4 0 

17 0 
4 0 
6 0 
8 0 
6 o. 

16 0 
57 0 
6 0 

10 0 
8 0 

8 
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Mesaverde formation-Continued. Ft. in. 

Shale ........ · ... · .................... : ... . 1 4 
Sandstone ............................... . 8 0 

Coal.· ......................... _ . _ . _ . 1 0 
Shale ................................... . 1 0 
Sandstone ........................... : ..• 4 0 
Shale ................................... . 6 0 

Coal. ....................... · ·_ .. _ .... . 6 
Shale ................................... . 16 6 
Sandstone, dark ........................ . 169 0 

Coal.' ........ ~ ..................... . 5 
Sandstone, dark .................. -...... . 8 7 

Coal, shaly ......................... . 
Sandstone, dark ........... · ............. . 

1 0 
79 . 0 

Shale ................................... . 5 0 
Coal, shaly ... .' ............... -...... . 1 9 

Sandstone ....................... · ....... . 5 3 
Shale, dark ............................. . 20 0 

Coal; shaly .......................... . 9 
Shale .................... : ....... : ...... . 11 3 

.. Sandstone ...................... ·_ ....... . 2 0 
Shale .................................... . 4 0 
Sandstone .............................. . 3 0 
Shale ... -.- ..... · .................... -.-.-. 5 0 
Sandstone ................... : .......... . 22 0 
Shale, dark .................... : ....... . 40 0 
Sandstone .............................. . 52 0· 

Mancos shale: · 852 o· 
Shale, sandy ........•...................... 100 0 

1,602 1 

The dip of the rocks, which is 15° E. at 
Madrid, if unchanged, would within a short 
distance carry a given 'bed to a considerable 
depth. However, the dip no doubt lessens 
eastward toward the center. of the basin, and 
it is probable that the 1,60~-foot hole passes 
entirely through the Mesaverde formation. 
The surface in the center is occupied by the 
Galisteo sandstone and younger rocks, but 
the underlying Mesaverde reappears from be­
neath them with opposite dip at. the eastern 
extremity of the basin and was observed near 
Galisteo, although no details of it were ob- · 
tained there. However, at the southeastern 
extremity of the basin, one of the Mesaverde 
coals has been developed at Omera mine; where 
a section w~ measured. The dip is low, and 
the thicknesses given were obtained by pacing 
across the outcrop and correcting for dip. 
Hence, the section is approx~ately correct 
and is presented to show the relation .of the 
Mesaverde formation to the underlying Mancos 
shale and to the overlying Galisteo sandstone. 

Section of rocks measured at Omera mine, about 18 mile8 
. southeast of Cerrillos, N. Mex. 

[For graphic section see fig. 15, p. 208.] 

Qalisteo sandstone: 
Conglomerate .. 

Unconformity. 
Mesaverde 'formation: . Ft. in. 

Coal (Omera mine)......................... 2± 
Shale, carbonaceous ..... ~.. . . . . . . . . . . . . . . . . 6 
shale, with some layers of. sandstone ~d 

cone-in-cone structure limestone (not con-
tinuously exposed) ........................ · 75· 0 

Sandstone ................... _·_ ............ 100± 
Shale, carbonaceous in some places, with 

lenses and concretions of sandstone and 
cone-in-cone structure limestone.·. Fossil 
plants at. the base ..................... : . . 85 0 

Coal ............................ ·....... 4 
Shale .............. : : . . . . . . . . . . . . . . . . . . . . . . 5 0 
Sandstone, massive, yellow, contains fossil 

shells ....... .' ....... ~ .................... 200± 
Mancos shale:. 

Shale with a sandy transitional zone at the 
top. Concretions of. fossiliferous lime­
-stone occur 100 to 150 feet from the top. 
These contain (U. S. Geol. Survey fossil 
locality 7180) Exogyra ponderosa Roe­
iner?, Anomia sp., Inoceramus sagensis 
Owen?, Inoceramus sp., Cucullaea sp., 
Cyprimeria: sp., Volutoderma? sp., Nauti­
lus sp., Baculites sp., Mortoniceras. sp. re­
lated to M. delawarense (Morton), P la-­
centiceras sancarlosense Hyatt, Placenticeras 
sp. (very large specimens apparently dis-

. tinct from either of the foregoing). A 
few hundred feet lower in this shale (U.S. 
Geol. Survey fossil locality 7181) the fol­
lowing fossils occur: Crassatellites shu­
mardi .Meek?, Mactra sp., Gyrodes sp., 
Volutoderma? sp., Actaeon? sp. 

467± 

Comparison seems to show that the lowest bed 
of coal, which is only 4 inches thick where this 
section was measured but which is somewhat 
thicker in other places, corresponds in strati­
graphic position with the lowest coal beds rep­
resentea in the 1,602-foot drillTecord (p. 209); 
that. the 100-foot sandstone finds its counter­
part in the 169-foot sandstone of the drill rec­
ord; and that the coal developed in the Omera 
mine corresponds in position with the middle 
gJ;oup .of the drill record and with the lowest 
developed .. ·coal _of the Rogers section. (See 
fig. 15.) If this correlation is correct, it is 
evident that a large part of the Mesaverde for- · 
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mation as represented in other parts of . the 
Cerrillos coal field is not present at Omera, and 
that the unconformity above the On1era coal 
represents an erosion interval of long duratio~. 

The congl01nerate of the Galisteo sandstone 
(see section, p. 210) rests in some 'places directly 
upon a coal bed, which varies considerably in 
thickness within short distances. Where shal~ 
intervenes between it and the overlying con­
glomeratic sandstone, the coal bed is 4 to 5 feet 
thick, but where the congl01neratic sandstone 
rests upon the coal bed, the.coal is thinner and 
in some localities is entirely replaced by the 
sandstone, as is well illustrated in the mine work­
ings. J. I-I. Gardner states in his unpublished 
notes of the Omera mine that 560 feet down an 
old slope the coal abruptly disappears against a 
face of sandstone showing.no evidence of faulting. 
l-Ie found that this disappearance was due to 
total erosion of the coal bed previous to the 
deposition of the sandstone .. He also states that 
at one locality noar the Omera mine he found · 

' two coal beds separated by 9 feet of sandstone, 
the lower one 3 feet thick and the upper 4 f~et 
6 inches thick. At one of the prospect entries,· 
a few rods from the place where the sectio:Q. 
given above was measured, the present writer 
observed two coal beds, as follows: 

measure it. It dips gently west and occupies 
the broad valley on either side of theN ew l\1ex­
ico Central Railroad. At the eastern side of 
this valley, about 3 n1iles east of the town of 
Galisteo (U.S. Geol. Surveyfossillocality 7170), 
the following Benton fossils were collected: 
Ostrea sp., Inoceramus fragilis Hall and Meek, 
Prionotropis sp., and undetermined casts of 
pelecypods and gastropods. 

About 2 miles south of the locality where 
these fossils were collected the Tres Hermanos 
sandstone was recognized, also the. shale be­
tween this sandstone and the Dakota, which 
·contains the gastropod zone at the localities 
described farther west. Below the Mancos 
shale is a hard conglomeratic sandstone ~vhich, 
on the basis of lithologic character and strati­
'graphic position, is referred to the Dakota, and 
under it are variegated sandstone and shale 
that probably are Morrison. 
' The rock formations above the Morrison in 
this eastern limb of the syncline corresp'ond 
closely to those in the· western limb, but those 
below the Morrison see:r;n to be different. East 
of Omera a massive cliff-making pink to. red 
sandstone about 100 feet thick occurs below tlie 
Morrison and lies unconformably on the deep 
reel and purple sandstone and shale of the 

Section of rocks measured near Omera ?_nine. 

Conglomenite with pebbles of several kinds of 
rock including angular fragments of coal. 

Coal. ..................................... . 
Shale, sandy ........... : . .......... ~ .......... . 

·typical red-bed formation of this region. This 
sandstone has the appearance of the Exeter 
sandstone 158b of eastern New Mexico and holds 

Ft. in. the same stratigraphic position. On sheet 13 

2 ~ of the S~nta Fe Route. guidebook 1 this sancl-
2 stone is called Wingate ( ~). Below this sand-· 

stone east of Omera occur reel rocks similar to 
the r~d beds of the l\1anzano group that·outcrop 
in. the Sandia Mountains to the west. · · 

Coal. ........................ : ........... . 4 
Shale. 

6 10 

The conglomerate shown at the top of this 
section constitutes the base of the Galisteo 
sandstone. In it were found pebbles and 
boulders, SOille as much as 6 inches or 1110re in 
dian1eter, consisting of quartz, chert, sand­
stone, linlestone, petrified wood, coal, and the 
like. This fonnation is exposed· continuously 
from Oinera northward to Galisteo Creek· and 
west,vard to Madrid. · 

Below the Mesaverde the Mancos shale occurs 
in characteristic development. Great nun1bers 
of fossils, especially cephalopods, .occur in con­
cretions of limestohe near the top of the for­
mation. (See section, p. 210.) 

The thickness of the Mancos was estimated 
to be about the same as that _giv~n for it in the 
Rogers section, but n~ atte~npt wa~ 1nade to. 

The line of outcrop of the coal beds extends 
northwest from Omera an4 seems ·to pass 
around the . northern base of the Ortiz Moun­
tains to the coal in the ·vicinity ·of l\1adrid, but 
in the intervening space the coal is covered 
~ith debris from the mountains. North of 
Omera the coal beds were displaced by the 
intrusion of the igneous rock of Cerro Pelon, 
which rests on the basal sandstone of the Mesa­
verde at its southern end and on Mancos shale 
farther north.. This shale and basal sandstone 
were observed underlying the Galisteo sand­
stone north of Cerro Pelon in the vicinity_ of 
Galisteo, but no indication was found that any 
coal occurs there. It seems probable that the 

1 U. S. Geol. Survey Bull. 613, 19i5. 
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erosion which preceded the formation of the 
Galisteo sandstone removed all.rocks that may 
have existed above the basal sandstone of the 
Mesaverde in the vicinity of Galisteo. Little 
was seen of the :Mesa verde or of the older rocks · 
between Galisteo and Cerrillos, they being, 
covered, for the· most part, by younger rocks, 
but near Cerrillos the Mancos and Mesaverde 
reappear in vertical position, upturned by the 
intrusion of the igneous rocks of the mountains 
to the north. 

West of Cerrillos the rocks dip steeply to 
the south and Galisteo Cree~ flows in a gorge 
cut along the strike partly in the Mancos shale 
and partly in the basal sandstqne of the :Mesa-· 
verde formation. About 1! miles west of Cer­
rillos the rocks are well exposed south of Galis­
teo Creek, and a section was exa:rp.ined c~re­
fully for the· purpose of locating the coal beds· 
which have been developed at Rogers, a coal­
mining camp w~st of Madrid, now abandoned: 
At the horizons where the main beds should 
occur coal was found, but the beds are thin, 
possibly due to crushing at the time the rocks 
were upturned. · Otherwise the section at this o 

locality does not differ materially from the 
Rogers section (below), except that in it the 
base of the Galisteo sandstone is more coarsely 
conglomeratic, consisting of hard quartzose 
sandstone containing pebbles principally of 
quartz and chert an inch or more in maximum 
diameter. 

Fossil plants were found about 325 feet above 
-the top of the basal sandstone of the Mesaverde 
in shale in a r'ailroad cut on the branch line 
from Waldo to Madrid. They are as follows: 

Fossil plants collected in the Mesaverde formation in a rail­
road cut 1! miles west of Cerrillos, N. Mex. 

[U.S. Geol. Survey fossil locality 602L] 

Brachyphyllum cf. B. macrocarpum Newberry .. 
Celastrus ;n. sp. 
Ficus speciosissima Ward. 
Ficus lanceolata Heer. 
Ficus eucalyptifolia Knowlton. 
Ficus n. sp. · . 

Farther s'outh and west the rock formations 
are we~ exposed and were traced to Rogers, on· 
the 'western limb of the syncline. . The rocks 
strike nearly north and south and dip 9° E. A 
section was measured by tapeline from the old 
Rogers mine westward across the strike of the 
upturned rocks. to a point at the base of the 
Cretaceous, about· a mile south of Galisteo 
C~eek. This section may be combined with 

the Galisteo Canyon section of the Manzano 
group published by the writer several years 
ago. 216· 

Section of rocks measured near Rogers, 2 miles southwest oj 
Cerrillos, N . .Alex. 

[For graphic section sec fig.15, p. 208.] 

Conglomerate. 
Galisteo sandstone: 

Shale,' sandy .......................... . 
Sandstone, yellow ..................... . 
Shale, sandy, yellow ................. .. 
Sandstone, massive ........... ~ ....... . 
Shale, sandy, light colored ............. . 
Sandstone, massive, gray .............. . 
Shale and sandstone in alternating layers. 
Sandstone, massive, coarse grained, fri­
. able, l~0se textured to quartzose; 

·locally conglomeratic; variable in 
thickness and character; contains (U. 
S. Geol. Survey fossil localities 6016 
and 6020) Sabal? ungeri (Lesquereux) 
Knowlton and Dryopteris? sp ........ . 

. -
U.Q.conformity by erosion. 
Mesaverde formation: 

Coal, thickness irregular, due to 
erosion; absent in, some places .... 

Sandstone, shale, and thin beds of coal 
in alternating layers; contains (U. S. 
Geol. Survey fossil locality 6018) 
Abietites dubius Lesquereux, Sequoia 
reichenbachi (Geinitz) Heer, Cunning-
hamites pulchellus Knowlton, and· 
Nelumbo intermedia? Knowlton ...... . 

Coal (Rogers opening) ............. . 
Shale and sandstone; the shale carbona-

ceous in some places with thin seams 
of co~l. ~ .......... : . ............... . 

Sandstone in massive layers separated by 
thin beds of shale;· forms the crest of a 

Feet. 
25 
8 

16 
12 
15 
10 
68 

10± 

164± 

2± 

35 
4 

105 

ridge................................ 105 
Sandstone and shale in alternating layers; 

contains concretions of brown sand-
stone ................... _ ... · ........ . 

Coai ................ _. _. _. _. _____ . 
Shale (0 to 10 inches).~ ........... . 
Coal ......................... _ .... _ 

Covered ............................... . 
Coal, dirty ....................... . 

· Shale with yellowish limestone concre­
tions, containing (U. S. G~ol. Survey 
fossil locality 7167) fossil oysters ( Ostrea 
sp. related to 0. soleniscus Meek) .... . 

Coal .............................. . 
Sandstone and shale ................... . 

Coal ....... ·- ..................... . 
Shale ..................... ~ ........... . 
Sandstone, principally massive, light 
. gray, friable; in some places with 
· brown flinty concretions. Thickness 

varies from place to place but the lower 

146 
1 

-A 
2± 

31 
1± 

15 
! 

5 
! 

5 
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Mesaverde fotmation-Continued. 
50 feet or more forms a prominent cliff, 
the basal sandstone of the Mesaverde, 
and contains Halyrnenites major Les­
quereux, Jf~wtra sp. related to M. alta 
:Meek and Hayden, and several gastro­
pods and other shells similar to those 
found below t4e basal sandstone ...... • 

Mancos shale: 
Shale with thin layers of gray sandstone; 

constitutes the transition zone from the 
shale below to the base of the Mesa-
verde; contains (U. S. Geol. Survey· 
fossil localities 7164 and 7165) Ostrea 
elegantula Newberry?, Anom,ia sp., In-
oceram:us sp. related to I. proa-'irn'l.ts 
Tuomey, Inocerarrms sp. related to I. 
bambini Morton, OuC'ttllaea sp., Cardium 
sp., Cyprirneria sp., Legtmten? sp., 
Corbula sp., Mactra? sp., Anatina sp., 
Dentali'tt?n sp., Tttrritella galisteoensis 
Johnson, VolutornorJJha sp., Voluto-
derrna? sp., Nautiltts dekayi Morton?; 
Scaphites sp. related to S. hippocrepis 
DeKay, Baculites sp., Placenticeras 
sancarlosense Hyatt, Placenticeras pla-
nu~n Hyatt.~ ........................ . 

Shale, clark, with fossiliferous concre­
tions of limestone near the top and near 
the bottom ......................... . 

Sandstone ('L'res Hermanos), hard, quartzose, 
in thin, irregular layers; weathers to 
yellowish brown; contains (U. S. Geol. 
Survey fossil locality 7168) shells,· nu-
merous worm borings; and indefinite 
markings of various kinds; also Haly-
menites major Lesquereux, Pinna pe-
trina White?, Pecten sp., Gyrodes sp., 
Tttrritella sp ......................... . 

·Shale, clark, with dark-brown concretions 
of impure limestone (gastropod· zone) 
and a stratum of "crinkly" sandstone 
a foot thick near the middle ......... . 

Conglomerate containing pebbles of 
quartz and chert up to an inch in di-
atneter .............................. . 

Shale, carbonaceous, with coal a few 
· inches thick near the top ........... . 

Feet. 
300± 

150± 

'2,100 

20 

75 

2 

5 
'------

Dakota sandstone: 
Sandstone, hard, quartzose, massive, 

cross-bedded, locally conglomeratic 
near the base ............. : .......... . 

Morrison formation: 
Sandstone, white, more evenly bedded 

than the hard sandstone overlying it .. 
Shale and sandstone, variegated in color. 
Conglomerate, cross-bedded, massive; 

pebbles an inch or more in diameter .. 
Shale, variegated, and sandstone, thick-

ness estimated ...................... . 

3,ll0± 

50± 

40± 
80 

10 

200 

330± 

3,654± 

The variegated sandstone and shale at the 
base of the section has been. referred to the :Mor­
rison on lithologic and stratigraphic grounds, 
though no fossils have been found in it in this 
region. The lower part, 200 feet -or more in 
thickness, consists of soft shale and friable 
sandstone of many shades of c·olor. This 
character has been noted in so many places that 
it has come to he regarde~ as more or less diag- . 
nostic of the'Morrison formation. Above these 
softer beds. is a coarse conglomerate 10 feet 
thick overlain by 80 feet of variegated sand­
stone and sh&.le. Were it not for the color of 
the beds above it this ··conglomerate might be 
regarded as the base of the Dakota. However, 
although conglornerate is rare in the Morrison, 
the reference of the 10-foot conglomerate to this_ 
formation seems inevitable. Also the over­
lying thin-bedded sandstone, although white, 
probably belongs in the Morrison. Between it 
and the overlying conglon1erate, which is here 
referred to the . Dakota, ari. uneven line of 
separation, more or less conspicuous, . may 
mark an unconformity. The writer has for­
nlerly shown 216 that in the Galisteo Canyon the 
Morrison .apparently lies unconformably upon 
older rock!::!. 

Above the rocks here-referred to the Morrison 
is a sandstone about 50 feet thick, conglomeratic 
near . the base, and otherwise similar in char­
acter and appearance to the basal sandstone of 
the Purgatoire formation as observed through­
out the southern Rocky Mountain region. Until 

·fossils of Co:manche'age were found in and aboye 
this sandstone .east of the n1ountains it was re­
garded as a part of the Dakota sn.ndstone. No 
fossils were found in it near Cerrillos, and its 
reference to the Dakota is based on its lithol­
ogy and stratigraphic position. 

Carbonaceous shale in which thin seams of· 
coal occu! in some places was found above the 
Dakota sandstone. Both shale and coal are · 
irregular in thickness and character. The coal 
was observed in several places and was found to 
range in thickness from a n1ere film to about 6 
inches. A conglomerate above the coal also 
varies in thickness and character and is absent 
in places. Apparently this carb.onaceous shale, 
coal, and conglomerate belong in the Mancos 
shale and are not to be included with the 
Dakota. The only place at this locality where 
a line of separation can rationally be drawn 
between the Dakota sandstone and the Mancos 
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shale is at the base of this carbonaceous shale, 
where there is an abrupt change from. the.shale 
to the quartzose sandstone b.elow. On the 
other hand, there is a tendency on the part of 
some observers of Rocky Mountain geology to 
call any coal near this horizon "Dakota coal," 
and it is probable that although the coal in the 
Galisteo region· clearly lies above the base of 
the Mancos shale it may be the equivalent in 
age of some of the so-called Dakota coal of the 
southern Rocky Mountain region. At other 
localities in the Cerrillos and Hagan fields 
neither the coal nor the overlying conglomerate 
could ·be found. It is evident that both the 
coal-bearing shale and. the conglomerate are 
local in occurrence and of very restricted dis­
tribution. 

The shale overlying the conglomerate is ordi­
nary dark clay ·shale of marine origin. ·A few 
shells of the genus Inoceramus were found near 
the base. A stratum of sandstone and a zone 
of concretions of impure limestone occur mid-· 
way of the shale and contain fossils, but none 
were collected. The limestotie concretions 
probably represent the gastropod· zone of the 
Rio Puerco field. 

The Tres Hermanos sandstone, at this 
locality · only 20 feet thick, .overlies the 
shale containing the gastropod zone. It is 
very resistant and forms ·a~ hogback more 
. prominent than that of the. Dakota. ·It con­
sists of thin irregular layers of sandstone an· 
inch- or less in thickness, on whose faces are 
ripple marks, worm tracks, and markings of 
many kinds. The sandy layers are separated 
in some places by films of shale." A few imper­
fect casts of gastropods were found in this 

. sandstone, and impressions supposed to be 
Halymenites major are abundant in some places. 
rrhe species named in the section (lot 7168) 
were found in blocks of sandstone at the base 

. of a cliff of Tres Hermanos sandstone where the 
section was measured. The sandstone is 
unlike any other rocks near it and has a peculiar 
appearance that makes its recognition easy. 

At a horizon estimated to be 100 feet strati­
graphically above the Tres. Hermanos sand­
stone, there is a small ridge formed by a lime­
stone about 3 · feet thick, which presumably 
represents the Greenhorn limestone. It con­
tains great numbers . of Inoceramus · labiat,us 
Schlotheim. At a higher horizon, estimated as 
500 feet above the base of the Cretaceous, 

Inoceramus labiatus Schlotheim and Priono­
cyclus wyomingensis Meek were found in a lime­
~tone having a strong odor of petroleum. These 
fossils are among those collected by D. W. 
Johnson at the town of Cerrillos near the. 
s1nelter and determined by·hini as belonging to 
the Colorado fauna. 161 They are as follows: · 

Fossils collected near the smelter at Cerrillos, N. Jfex. 

Ostrea lugubris Conrad. 
Inoceramus labiatus Schlotheim. 
Inoceramus dimidius White. 
Inoceramus fragilis Hall and Meek. 
Scaphites warreni Meek and Hayden. 
Prionocyclus macombi Meek. 
Prionocycl us· wyomingensis Meek. 
Prionocyclus n. sp. · 
Prionotropis woolgari Mantell. 
Rostellites dalli var. wellsi Johnson. 
Rostellites ambigua Stanton?. 
Acmea ce.rrillosensis J olmson. 
Scurria? coniformis Johnson. 
Aucella strongi Johnson. 
Beryx sp. undetermined. 

The Mancos. shale of this section is ·p~rticu­
larly rich in fossils at the top. . In its upper 200 
feet were found the species (lots 7164 and 7165) 
named in the section measv.red near Rogers 
(p. 212). Another collection was made at 
approximately · the same horizon north of 
Galisteo Creek. In commenting _on these fos­
sils Stanton says: "The horizon is believed to 
·be a short distance above that of the Austin 
chalk and the Niobrara limestone-that is, in the 
lower part of the Montana group." 

The base of the Mesaverde formation in the 
Cerrillos field consists of a n1assive cliff-making 
sandstone overlain by other sandstones which 
are softer and somewhat shaly in places. (See 
Pl. XXIX, A.) These sandstones form the 
surface of a dip slope that is unevenly eroded, 
and their measured thickness is open to ques-· 
tion. The 300 feet given in the section was 
obtained by measuring with tapeline across the 
strike of rocks dipping only 5° to 8° and ·com­
puting the thickness 'frOin the tip and hori­
zontal distance measured. It is not certain 
that the dip is constant nor that no faults 
occur. No coal was found in this lower 300 
feet of the Mesaverde, ·but at neighboring 
localities thin beds of coal occur in rocks that 
are probably equivalent. The sandstone con­
tains large yellow concretions of calcareous 
sandstone in _which marine fossils were found; 
S01ne shale occurs, but it seems to· be ve_rysup-
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ordinate in mnount. Apparently this 300 ± 
feet of sandstone corresponds to the part of the 
1,6o'2-foot drill record (see fig. 15) included 
between the lower shale and the top of the 169-
foot sandstone. This drill record shows thin 
beds of coal which are supposed to occur ip. 
the lower part of the Rogers section but which 
were not found where the section was meas-­
ured. 'l"he Mesaverde forn1ation at Rogers 
contains two groups of developed coal beds·, 
the upper probably equivalent to the group 
described at -Madrid and the lower to the coals 
at On1era and to the middle group shown in-the 
1 ,602-foot drill record. These relations are 
best shown in figure· 1 5 (p. 208). . 

No fossil leaves were found in the Mesaverde; 
near Rogers, but oyster shells identified as 
Ost,rea sp. related to 0. soleniscus :Meek were 
found aqout half a mile south of the line along 
which the s~ction was measured. They occur 
in yellow concretions similar to those in the 
basal sandstone of the Mesaverde which yielded 
gastropods and other marine fossils. · (See sec­
tion, p. 212.) They occur about 50 feet strati­
graphically above the lowest coal observed at 
this locality. The oyster shells are large, and 
no complete ones could be found, but fragments 
an inch or more in thickness and 10 inches long 
were obtained. 

There is good evidence at Rogers of an un­
·conformity between the Mesaverde and the 
overlying Galisteo sandstone. A coaf bed 
which occurs about 65 feet stratigraphically 
above the coal at the old Rogers opening is 3 
feet or more in thickness in some places and in 
other places is entirely absent .. This variation 
in thiclmess is due to irregularities of the upper 
surface obviously caused by erosion. Upon 
'this unevenly eroded surface lies a light .. colored, 
coar~e-grained, locally conglomeratic sandstone, 
above which no coal nor dark shale such as is 
associated with the coal lower in the section was 
observed. The rocks above it a1~e pink, blue, 
and green and gradu:illy. merge into the .un­
doubted Galisteo sandstone typically developed 
farther to the east. 

A few poorly preserved fossil'phtnts named iri 
the section were found in this basal n1ember of 
the Galisteo at Rogers, but they ar.e not of such 
character as to determine the age of the rocks. 

Section of rocks penetrated by diarnond driU in Waldo ~Mesa, 
about a quarter of a rnile south of the old Rogers ?nine. 

[The rocks dip 9° E. The measurements made of the core taken from 
the vertical hole are slightly in excess of the true thicknesses of the 
rocks. For graphic-section see ftg. 15, p. 208.] 

. Surface material.. ............................. . 
Conglomerate .. -~ ... · ........................... . 
Sandstone, gray .. ; ............... ~ ........... . 

Coal. ........... _ ...... · ...... · ............. . 
Shale, black .................. · .. · .... ~ .......... . 

Coal. .......................... : ......... . 

Ft. in . 
41 0 
12 -0 
39 0 

8 
4 2 

Shale, sandy, gray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
10 
0 
6 
6 
3 
3 
0 
8 

Coal...................................... 2 
Shale, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Coal ....... ·............................... 3 
Shale, sandy, gray ............. ·................ 24 

Coal. ......................... -........... . 
Shale ......... ········'···· .................... . 

Coal .......... · ........................... . 
Shale ........................................... . 
Sandstone .................................... . 
Shale and sandstone ........................... . 
Sandstone,· gray .............................. . 
Igneous rock ............ : . .. : ................. . 
Shale, sandy .................................. . 

1 
2 

10 
6 

78 
10 

1.87 
90 

5 
9 
0 
0 
0 
0 
0 

Coal .......................... · ........... . 
Shale, gray ............................ · ... · .... . 

6 
s ·o 

Sandstone, gray .............................. . 
Shale, gray ................................... . 

Coal. ..................... _ ...... · ..... ~ ... . 
Shale ......................................... . 

18 
49 
1 

12 

7 
7 
3 
0 

·sandstone, gray ............... :. , . . . . . . . . . . . . . 17 0 
Coal ......................... l............ 1 3 

Shale, dark colored ........................... . 
Coal ..................................... . 

Shale, dark colored ...................... · ..... . 
Coal ...................... · ............... . 

40. 8; 
4 
2 5 

Shale, dark ~olored. . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
10 
8 
8 
9 

Coal .................. : .................. . 
Shale, dark colored .......................... : . 58 

778 3 

The diamond-drill prospect recorded above 
was made on Waldo :Mesa about half a mile 
south of the old Rogers mine. The drill passed_ 
through a group of coal beds that is obviously 
the same as the upp~r group of the Rogers 
section and then penetrated 187 feet of igneous 
rock. This rock is a part of a great intrusive 
sheet, which is very pr9minent farther south 
but which does not extend northward to the 
Rogers mine. Apparently it is not the in­
trusive sheet of the two drill records previously 
given; but one at a lower horizon. It underlies 
the coal beds at Madrid, as is well shown m 
Johnson's section.~Gla 
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A second group of coal beds, penetrated by. 
the drill below the sheet of igneou~ rock, seems 
to be the same as the lower group of developed 
coals of the Rogers section and the middle group 
of the 1 ,602-foot drill record. . This correlation 
of the groups of coal beds at the several lo­
calities described seems relatively simple, but 
it is not so easy to correlate the individual beds. 
The upper group of the Waldo Mesa drill record 
corresponds in a general way to the group of 
coals developed. at Madrid, but for some un­
known reason. there are fewer coal beds than at 
Madrid. It is possible, on the one hand, that 
the Waldo Mesa coal beds represent those near 
the horizon 'of the Cook & White coal of the 
Madrid section and that the higher beds were 
·e;roded previous to the deposition of the Galisteo 
sandstone at the Waldo Mesa locality. On the 
other hand,· it seems probable that the Waldo 
Mesa coals may correspond in position with the 
higher ones of the Madrid ·section and that the 
lower beds of Waldo Mesa may have been 
destroyed by the· intrusion of the igneous _rock. 

The rock formations near the base of the 
Cretaceous are well exposed in Canyon del Y eso 
about ·2 miles north of Galisteo Creek (Pl. 
XXIX, B), where the following section was 

· measured and fossils collected. That part of 
· the Mancos shale iying stratigraphically above 

this section was found to be fossiliferous in 
many places, but it does 'not lend itself·readily 
to measurement. 

Section of rocks measured in Canyon del Yeso; about 2 miles 
north of Galisteo Creek. 

Mancos shale: Feet. 
Limestone and shale in alternate layers, con­

taining Inoceram1ts labiatus Schlotheim (hori-. 
zon of Greenhorn limestone).. . . . . . . . . . . . . . . 15 

Shale containing Prionotropis sp. . . . . . . . . . . . . 100 ± 
Sandstone .(Tres Hermanos), hard, quartzose, 

with sparkling sand grains, brown to yellow; 
in thin, irregular layers, with numerous worm 
borings and various indefinite markings. In 
the lower 10 feet the layers of sandstone are 
separated by thin layers of shale........... 25 

Sandstone, containing Inoceram1ts sp. and Pinna 
sp..... .. . . . . . . . . . . . . . . .. . . . . . . . . . . . .. ... . 10 

Shale (gastropod zone), dark, with concretions 
of earthy limestone 20 feet from the top. 
Some of the concretio~s are fossiliferous and 
weather to a rusty yellow powder around the 
fossils, rendering specific identification diffi­
cult. From these concretions (U. s." Geol. 
Survey locality 3536) were obtained Ostrea 
sp., Exogyra columbella Meek, Plicatula sp., 
Lima sp., Pinna sp., Anch,ura sp............ 70 

Dakota formation: 
Sandstone, c~nglomeratic at the base ........ . 
Shale, sandy near the top ................... .. 
Sandstone, coarse grained, cross-bedded, white. 

-Morrison formation: 
Sandstone and shale, variegated. 

Feet. 
40 
JO 
'10 

340 

An effort was made to recognize in this sec­
tion. the several zones described from the lower 
part ofthe Rogers section 3 milys farther south. 
The' sandstone and. shale here referred to the 
Morrison is similar lithologically to the varie­
gated beds below the 10-foot conglomerate in 
the. Morrison of the Rogers section. The 40-
foot conglomeratic sandstone is referred to the 
Dakota and the lower sandstone 70 feet thick 
is probably also Dakota, although it may be 
equivalent to the beds of the Rogers section 
lying below the conglomeratic Dakota and 
there referred with some doubt to the Morrison 
because it iliffered lithologically from the over­
lying Dakota.· The rocks above the Dakota in 
Canyon del Y eso are the saine as those simi­
larly situated in the Rogers sectiQn. The 70-
foot shale corresponds in position to· the shale 
containing the gastropod zone and the 35 feet 
of sandstone above it to the Tres Hermanos 
sandstone of the Rio ·Puerco field. The Green­
horn. limestone horizon was recognized by its 
characteristic fossil Inoceramus labiatus. Two 
hundred feet or more stratigraphically higher 
in the section there is a zone about 50 feet 
thick containing ·large concr~tions of limestone, 
many of which are fossiliferous (U. S. Geol. 
Survey fossil locality 480) and contain Inoce­
ramus fragilis Hall and Meek, Rostellites sp. ~' 
Prionotropis sp., Pachydiscus n. sp. Some of 
the ammonites are very large: Pachydiscus, the 
largest found, probably measured 2 to 3 feet 
across when complete, but only a small part of 
it was obtained. About "100 feet stratigraph­
ically above the concretion zone some thin 

·layers of limestone (U. S. Geol. Survey fossil 
·locality 3542) in· the shale yielded Ostrea: sp., 
Inoceramus jragilis Hall and Meek, Inoceramus 
sp.' related to I. dimidius White, Scaphites war­
reni Meek and Hayden, and Prionotropis sp. 

East ,of the Canyon del Yeso locality the 
surface is nearly level and the shale is more or 
less covered with soil.· However, in a small 
ridge about 1,800 feet to the east, at a· so~e­
what higher horizon, a few poorly preserved 
specimens of Inoceramus (either Inoceramus 



CORRELATION OF FORMAT~ONS WITH THOSE OF OT:a:ER. R.EGIONS·. 217 

diformis Meek or a variety closely resembling it) 
were found. This fossil is ·considered definite 
enough to correlate the rocks yielding it with. 
the Niobrara. About a mile farther east and 
at a still higher horizon the shale eontai1~s 
nmnerous very fossiliferous limestone concre­
tions, which probably represent the zone of 
concretions near tho top .of the Mancos shale 
that yielded the fossils (lots 7164 and 7165) 
named in the Rogers section. The following 
species were collected from these concretions: 

Fossils collected abottt 5 rniles northw.est of Cerrillos, N. Mex. 

[U. S. Gcol. Survey fossil loc.alitics 3532 and 7Hl6.] 

Ostrea sp. 
Exogyra ponderosa Roemer. 
Inoeeramus sn.gensis Owen. 
Inoceramus irregularis Johnson. 
Inoceramus sp. 
Leda sp. 
Cucullaen.? sp. 

- Nucula sp. 
Cardium sp. 
Astarte sp. 
Cmssatellites shumardi Meek. 
Cyprimerja sp. 
Liopistha undata Meek and Hayden. 
C01·bula sp. 
Mactra? sp. 
Gyrodes sp. 
Anchura sp. 
Nautilus dekayi Morton. 
Baculites asper Morton. 
Hamites sp. 
Placenticems planum Hyatt. 
Placenticeras rotundatum Johnson. 
Placenticeras sancarlosense Hyatt. 
PJn.centiceras sp. · 
Stn.ntonocer~s pseudocostatus Johnson. 

In comn1enting on the age relations of these 
fossils, Stanton states that they are about the 
same as those from the top of the Mancos near 
Rogers, of which he says: 

The fauna is related to the Gulf and Atlantic coast 
Cretaceous faunas more closely than to those of the Rocky 
Mountain region. Its horizon is believed to be a short 
distance above that of 1he Austin chalk and the Niobrara · 
limestone; that is, in the lower part of the Montana group. 

· This locality is near the place at which John­
son 83 collected the fossils described by him as 
Pierre: 

Two miles southwest of Santa Ro~ Mountain, where the 
main wagon road leaves the basalt-capped mesa for t.he 
valley below' there are exposed in the valley at the foot 
of the mesa. fossiliferous shales and sandstones. The ex­
posure is not large, but a small arroyo has removed some 
of the looser shales, leaVing still in place the calcareous 
nodules in which the fossils are most abundant. 

The following species were collected at this locality: 
Ostrea congesta Conrad?? 
Protocardia rara Evans and Shumard? 
Astarte cvansi Hall and Meek. 
Nucula sub plana Meek and Hayden. 
Solen cuneatus Gabb'? 
Lingula subspatulsta Hall and Meek. 
Tritonium kanabense Stanton. 
Natica sp. undet. 
Baculites anceps Lama.rck. 

· Helicoceras parienseWhite? 
Bery,x ~P· ·undet. 
Area madridevsis Johnson? 
Cyprimeria? sulcata Johnson. 
Tmri tella ga listeoensis Johnson. 
Admetopsis? elevata Johnson. 

. As no sandstone was fou:nd by the writer at 
this locality, it is probable that the fossils col­
lected by him are slig4tly lower in the section 
thari those collected by Johnson. 
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That the Vermej_o formation of the Raton and th~t: the stratigraphic succession on oppo­
Mesa region and the Canon City field is of site sides should be comparable. This theory 
Montana age and essentially equivalent to the has been developed by the writer in a separate 
Fox Hills of the Denver Basin seems to be paper.249 The relation between the Raton 
well established. If the Fox Hills sandstone Mesa region and the San Juan Basin is illus­
of this basin is equivalent in time to the typical trated in the section shown in figure 16. 
Fox Hills of North Dakota1 and if the Vermejo The invertebrates fro~ the upper part of the 
is ~ssentially equivalent in age to the Mesa- Pierre shale in the Raton Mesa region denote 
verde of western Colqrado as shown in tllis Pierre age, although not certainly the latest 
paper, this relation becomes somewhat difficult Pierre. Stanton says of this fauna, "While it 
of comprehension, but may still be correct, as is typical of the Pierre shale It has a consider­
the writer has shown, 249 on .the principle that able range within it. From the material at 
beds may be homogenetically equivalent and hand it is· not possible to recognize definite 
yet different in actual age. On the other restricted zones."- ·This fauna ·is sin1ilar to 
hand, it is possible (1) that the so-called Fox that of the Lewis shale as represent~d at 
Hills of the Denver Basin is somewhat older Dulce, N. Mex., and tends to correlate the 
than typicalFox I-Iills, and (~) that the Fox Lewis with the upper part of the Pierre of the 
Hills may not 'be as near the top of the. Raton Mesa region, but as this fauna has a 
Cretaceous in the time scale as has generally considerable range within the Pierre the simi­
been supposed. In attempting to correlate the larity of the faunas can not be regarded as 
Cretaceous formations from the Denver Basin · invalidating other evidence. 
around the north end of the soutb,_ern Rocky The typical Mesaverde of the northern part 
Mom.ltains Heroy 247 reached the conclusion of San Juan Basin has yielded a few inverte­
that the so-called Fox Hills of the Denver brates, which are only sufficient to show that 
B_asin is essentially equival~nt to the Mesa:- they belong to the fauna of the Montana group. 
verde of southern Wyoming. The latter, in In the Mesaverde of the southeastern part ~of 
turn, is practically continuous with the Mesa- this basin .and in the coal fields farther south 
verde of w(3st-central Colorado, which the in north-central New Mexico the rocks here 
writer regards as younger than typical Mesa- classed as Mesaverde con~ain a fauna which is 
verde and as· equivalent;· at .least homoge- not yet fully studied, but which, according to 
netically, to the Fox Hills and L~ran1ie Stanton, is closely related to the fauna of the 
of the Denver Basin. 249 This correlation is Gulf coast, especially as developed in south­
not generally -accepted at present and the western Texas. As this fauna is not .known 
Laramie of th~ Denver Basin is usually re- north of New Mexico, it is not available for 
garded · as the youngest possible Cretaceous. correlation with formations in other parts of 
However, the upper surface of this formation the Rocky Mountain region. _ 
is one of erosion, and it is evident that what is The Trinidad sandstone of the Raton Mesa 
left of the formation belongs, in the theoretical region. has yi~lded a few fossils, but t4ese ·are . 
time scale, somewhere below ·the top of the. not sufficiently characteristic for a positive de­
Cretaceous-how much below remains for termination of age. Some of them differ but 
future investigation. little from those of the underlying Pierre shale. 

Another method of correlating the beds of Others tend to show that the sandstone is of 
the several fields surrounding the mountains Fox Hills age. _ 
is based on the theory that the formations · The Vermejo formation of the· Raton Mesa 
were o~ce continuous over the mountain region region has yielded practically no invertebrates, 
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but a few have been found in the Canon City 
field. The occurrence of these shells in the 
middle of the Vermejo tends to strengthen the 
evidence of the plants that this formation is of 
Montana age. 

A consideni.ble number of invertebrates have 
been collected from the ''Laramie'' of the 
1iorthern part of the San· Juan Basin. . I-Iere 
again there is apparent conflict between the 
evidence of the invertebrates ai1d of the plants. 
The age of the "Laratnie" formation, of this 
basin has an intlinate bearing on the length of 
tune represented by the unconformity at the 
top of the formation. If the Animas formation 
is of Tertiary age, as the writer believes, and the 
"Laramie" is of Montana age, as the plants in­
dicate, the unconformity must represent a 
greater hiatus than it would if the so-called 
"Laramie" were .of Laramie age-that is, 
youngest Cretaceous. The. importance of this 
question in the present discussion warrants 
comparison with the nearest coal field to the 
north, namely, the Grand Mesa field, 237 

. al­
though it has ·already been described in .some 
detail in a previously published paper.249 

The Grand Mesa field lies in the southern part 
of Uinta Basin and about 100 miles north of 
the San Juan Basin. The two basins are slini-. . 

larly situated with respect to the mountains, 
and although they are now separated by up­
lifted areas fr01n which such yQunger Creta­
ceous rocks as may have existed have been re­
nloved by" erosion, there is no evidence that 
they were separate basins of deposition,· and 
there are some indications 241 that. the rock for­
mations in these basins once extended continu-· 
ously over the intervening area.. . . 

The "Laramie" formation of southwestern 
Colorado, con~isting of a basal sandstone (the 
Pictured Cliffs sandstone), containing· marine 
invertebrates and overlain by coal-bearing 
shale and sandstone that contan1 brackish­
water invertebrates-neglecting for the present 
other fossils-is comparable both lithologically 
and faunally to the Rollins sandstone of the 
Gra.nd Mesa field with its marine invertebrates 
overlain by coal-bearing sandstone and shale 
(the Bowie shale member of the :Mesaverde with 
its marine and brackish-water invertebrates). 
The writer, who has examined these formations 
ill both basins, has been unpressed with the 
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similarity between the "L~ramie" of south­
western Colorado and. the lower part of the· so­
called Mesa verde . of· the Grand Mesa field (the 
Rollins sandstone and Bowie shale) .. Although 
a number of fossils were found in. the Rollins 
sandstone few are specifically ·identifiable and 
must be- neglected in comparing the faunas 
of the Grand Mesa Mesaverde with the "Lara­
mie" of the San Juan Basin. Of the 26 fossil­
forms from the Bowie shale 237 15 are specifi­
cally identified and are therefore available for 
comparison.· Of this fauna Stanton says: 
~ey consist of (1) marine Cretaceous fossils belonging 

to the fauna of the Montana group; most of the species 
have a considerable vertical range, many of them occurring 
in both the upper part of the Mancos and the lower part of 
the ~fesaverde, so that there is no sharp faunal distinction 
between Mancos and the marine portions of the Mesa­
verde; (2) brackish-water species-types that occur in the 
Laramie and also in lower horizons like 'the Mesaverde and 
Judith River in· the Montana group. 

Of these 15 species 9 have been folind in the 
"Laramie'' of southwestern Colorado but few 
of them in the typical Mesaverde. The absence 
of many of them from the original Mesaverde· 
may ·be du~ to the want of favorable condi­
tions of preservation, but there is at least a 
temptation to regard the similarity between the. 
faunas as indicating that the so-called Mesa­
verde of Grand Mesa is more closely related to 
the "Laramie'' of the San Juan Bas~- than to 
the typical Mesaverde of this basin. Further­
more, if the Bowie fauna of Grand Mesa indi­
cates Montana age the same fauna froin the 
"Laramie" should indicate Montana age and 
thus agree with the flora of the "Laramie'' 
of southwestern Colorado, which Knowlton 
maintains is Montana.1 

In all the areas here described rocks of un­
doubted Cretaceous age are separated by an 
unconformity from later rocks, which the writer 
regards as Tertia:l'-y,249 although no evidence 
of Tertiary age has been found in some of them 
aside from the lithologio character and their 
conformable relations with the. Cretaceous in 
the Hagan, Cerrillos, and Rio· Puerco fields. 
These latter beds rest on the Mesaverde. In 
the San Juan Basin they rest-on "Laramie" or 
older formations, according to location._ (See 
fig. 13, p. 179.) In the fields described east of 
the mountains the Tertiary lies unconformably 
on the Vermejo formation, Trinidad sandstone, 
and Pierre shale. (See Pl. V, p. 56, and fig. 11, 

1 See footnote, p. 184. 

p. 169.) So far, therefore, as can be determined 
by correlation of formations, the erosion re­
sulting in the unconformity on either side of 
the. mountains took piace at the same time . 
and is therefore to· be regarded as the same un­
conformity. Furthermore, this unconformity 
has been shown 250 to be approximately equiva­
lent in time to the unconformity in the Gulf 
Coast region, which has been established in a 
~arine section 242 and -is accepted by aU geolo­
gists as marking the separation between Cre­
taceous and Tertiary. 

The correlation indicated by fossil plants be­
tween the early Tertiary formations of_ the · 
Gulf coast and the Raton formation is in har­
mony with the principles of diastrophism that 
seem to be applicable and effective in estab­
lishing the line of separation between Cre­
taceous and Tertiary ·in the Rocky Mountain 
region, where the significance of other criteria 
has been seriously questioned. 

Some of the broad phases of the relation of 
the Cretaceous and early Tertiary formations 
to the Rocky Mountains have been described 
by the writer in a paper already published, 249 

although it deals with data assembled mainly. 
for the present one.. In that paper it was 
shown that the Cretaceous formations probably 
extended at one time continuously over the 
present site of the southern Rocky Mountains, 
and that similar formations on opposite sides 
of the mountains may be more nearly time 
equivalents than has been supposed hitherto; 
also that aside from minor warpings of the 
surface that .may have caused differences in 
the thickness of the Cretaceous sediments 
there were ·proba'f?ly no · orogenetic disturb­
ances in the soutP,ern Rocky Mountain region 
during Upper Cretaceous time that left any 
notable imprint on the stratigraphic record that 
has yet been recognized. 

The principle is generally accepted that the 
uplift -in western America which drained the 
continent and culminated in the formation 

·of the mountains marks the division of time 
between Cretaceous and Tertiary, but there is 
no general agreement in applying this princi­
ple. It 'is a matter of common knowledge 
that there are conspicuous unconformities at 
many horizon~ within the Tertiary deposits 
of the mountain region, and there is a tendency 
on the part of some geologists to regard the 
most obvious unconformity as marking the 
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separation between Cretaceous and Tertiary. 
This tendency has been expressed by Ran­
some,240 when he suggests that the dividing 
line should be drawn at the top of the Fort 
Union. · 

In this connection it seems appropriate to 
~all attention to the fact that the most con­
spicuous unconformity is not necessarily the 
1nost significant. In the writer's opinion the. 
first of a series of n1ovements that followed a 
long period of quiescence· and ushered in a 
period of crustal disturbances like that of the 
Tertiary is more significant in delimiting periods 
·of .geologic time than the greatest moven1ent 
·of this series. Accepting tllis principle. it is 
evident that the frrst well-marked uncon­
formity above rocks of undoubted Cretaceous 
age in the Rocky Mountain region should con­
stitute the li1.1e of separation between Cre­
taceous . and Tertiary. This lowest uncon­
formity .in Colorado and New Mexico is de­
scribed in this paper ·as the post-Cretaceous 
unconformity. In few places is it as con­
·spicuous as some of the later ones, but this 
·could scarcely be otherwise.. The mountains 
did not spring into existence in a day. Their 
;gradual and intermittent rise, which culmi-

nated in the present mountains-if indeed a 
culmination has yet been reached.:___was nat­
urally accompanied by the deposition of sedi­
nlents (such as -those of the Raton formation 
t_tnd . others described as early Tertiary in this 
report), which indicate processes in a sense 
transitional ·between the quiescent marine 
conditions ·of Cretaceous time and the obviously 
violent processes of Tertiary time. In the 
writer's opinion the change in character from · 
sedimentary rocks mainly of marine origin to 
those ·Of nonmarine or upland type that OCCUrS 
at the unconformity here. designated· as post­
Cretaceous in all of the fields· described is 
sufficient in itself to indicate a common cause. 
This, taken in connection with· the· structural, 
paleontologic, diastrophic, and paleophysio­
graphic .evidence, is regarded as sufficient to 
warrant placing the division between the Cre­
taceous and the Tertiary systems at the lowest 
unconformity, as has been done in this paper. 
A further refinement may be applied if occa­
sion. arises· for apportioning the time repre­
sented by the unconformity, for the early part 
o~ this. time would naturally be included in 
the Cretaceous period and the later part in the 
Tertiary. · 





FOSSIL FLORAS OF THE VERMEJO AND-RATON FORMA­
. rfiONS OF C.OLORADO AND NEW MEXICO. 

By F. II. K·NOWLTON. 

CHAPTER 1.-INTRODUCTION. 

PREVIOUS PALEOBOTANIC WORK. · 

As :Mr. Lee has presented in the first part 
of this report a very cmnplete historical review 
of geologic and paleontologic' activ~ties in .the 
Raton Mesa region of Colorado and New M~x1co, 
only a brief summary of the paleo botanic work 
within the area is here necessary. 

So far as I. know the fU'St- fossil plants 
obtained in the Raton Mesa region were col­
lected in Janua~y, 1846, 'by Lieut. T. W. 
Abert.1 He noted the presence of coal beds 
near the Raton and states that he searched 

. diligently for ferns, which he presumed would 
be similar to the ferns ass-ociated with the Car­
boniferous coals with ";hich he was fa1niliar in 
Missouri. But "after a long search he was 
obli(J'ed to confess that there were none," and he 
was

0

forced to be content with bringing back a 
few dicotyledonous leaves.2 These were studied 
but not even generically :named by T. W. 
Bailey, who made no age detennination other 
than to state that they were· "decidedly far 
more recent" than·the Carboniferous. · 

The fcrst fossil plants froJn this area to come 
under sci~ntific eyes were obtained in July, 
1867, by Le Conte/1 while serving as geologist 
on the Union Pacific Railroad survey fron1 
Sn1oky I-lill River, Kans., to the Rio Grande. 
They ca1ne fron1 the upper end of Purgatoire 
Canyon (near what is now the Inouth of Riley 
Canyon) and fron1 Raton Pass, about 1~ Iniles 
south of Trinidad. Their age was thought by 
Le Conte to be Cretaceous. 

1 Abort, '1'. W.; Exrunination of New Mexico in the years 1846-47: 
30th Cong., Ist scss., S. Doc. 23, pp. 3-130, 1848; Ex: Doc. 41, pp. 
417-546, 1848. 

D 'l'hc throe loaves figured seem to be identifiable as follows: Fig. 1 
(plato opposite p. 522) is a narrow loaf, apparently a Salix; fig. 2 (op. ci~.) 
is apparently a largo loaf of Ji'icus schimperi Losqueroux;. fig. 2 (oppos1te 
p. 5<17) 1:; tho same as tho last. , . 

a Lc Conte, J. L., Notes on tho geology of the·survey for the extonswn 
of the Union Pacific Railway, E. D., from tho Smoky Hill River, Kans.• 
to tho H.io Grande, pp. 18-26, Philadelphia, 1868. 

The LeConte plants were submitted for study 
to Lesquereux, whose repo~t on them was first 
published in 1868 in the forn: of a letter ~y 
Hayden 4 and was reprinted Without change m 
1873.5 Fron1 the Raton Pass material Lesque­
reux reported f9ur species, two of which 
(Berchemia 1Jarvifolia and Abietites (lubius) · 
he nan1ed and imperfectly characterized; the. 

.other two (Echitonium sophiae Weber and Oin­
namomum affine.· Lesquereux). were previou.sly 
known. From the. upper end of Purgatoire 
Canyon he reported a single speci~s, which he 
nan1ed Rhamnus obovatus, but it was not de­
scribed and fi(J'ured until many years later. 
Lesqu.ereux co~cluded that the plants indi­
cated Tertiary age. 

The next collections of fossil plants from the 
Raton :Mesa region were obtained by Hayden 
in the summer of 1869. His account of their 
occurrence to(J'ether with a description of the 

' 0 . . 
general geology of the ~rea.s, was published 1n 
1873.6 These plants also were studied by 
Lesquereux. As· they were the. first consider­
able collections from the region it is important 
to fix as nearly· as possible their exact strati­
graphic position. Hayden first visited . .the 
Canon City coal field. At a point about 10 
Iniles below Canon City he examined 7 a section 
in which he found a layer "full of impressions 
of deciduous leaves, like Salix, Platanus, Thuya, 
and a broad flaglike plant." These, as is 
now known, belong to the Vermejo formation., 
Of the· Trinidad region he writes:8 

On the hills surrounding .Trinidad are great quantities 
of deciduous leaves in the rocks. The most conspicuous, 
as well as, abundant fossil, is a species of fan palm, undou bt-

4 Haydon, F. V., No_tes on the lignite deposits of the West: Am. Jour. 
Sci. 2d ser., vol. 45, pp. 207, 208, 1868. 
~Hayden, F. V., U. S. Geol. Survey Terr. First, Second, and Third 

Ann. Ropts., pp. 195-197, 1873. · 
o Idem, pp. 147-158. 
1 Idem, p. 150. 
s Idem, p. 154. 

223 



224 GEOLOGY AND PALEONTOLOGY OF RATON MESA IN COLO.~N. MEX. 

edly Sabal campbelli [now called Sabal? ungeri], which 
occurs in the lignite beds on the upper Missouri. This 
tree would seem to have formed the do~ant tree in 

· ancient times, much like the. palmetto of South Carolina. 
In some places the sandstones are filled with this plant for 
miles. There are also in considerable abundance leaves 
of the Magnolia, Platr;mus, Lauru~, etc., and, so far as .I 
can determine, identical with the species found on the 
upper Missouri. I do not doubt for a moment that all the 
coal beds of the Raton Mountains are Tertiary and belong 
to the great coal system which has already been traced 
over such a·wide area. 

The plants collected, which without doubt 
are the ones labeled "Fischers Peak, Raton 
Mountains," are thus seen to have come from 
above the unconformity, from beds now re­
ferred to the Raton. formation, a position cor­
roborated by the finding of the same species 
by later students in beds of this formation 
only. 

Lesquereux's account of th~se plants was not 
puqlished until 1872. He enumerated .21 spe­
cies, 6 .of 'which he regarded as new to .science. 
(~he· present disposition of these species is 
shown on p. 226.) He recognized at once· 
the Tertiary facies of these plants and their 
undoubted .affinity with the Tertiary. flora of 
Mississippi. On this latter point he says: 1 

With the Mississippi Tertiary flora it has as identical 
sp:cie's * * * eight species. If we consider that this 
id · ~tity iE im representatives of genera of distant affinity, 
wl u.ch at thf same time are all, except Cinnamomum, 
ctaracteri3tic of our present flora-Populus, Quercus, Mag­
noli 1, J..tglaLs, even palms; if we consider still that this 
icler.. tity is r Jndered positive by the peculiar and easily 
ascertained characters of the species, we can but see here 
and.acknowledge an evident proof of the homogeneity of 
the North American Tertiary flora in comparing it even at 
great distances under the same latitude.· The difference 
between the two pOints of comparison is about 15° of 
longitude. 

In the summer of 1872 Lesquereux himself 
was commissioned by Hayden to make explo­
rations and collections in the west with the 
''view of positively ascertaining the age .of the 
Lignitic formation."· His investigations ex­
tended from the . Raton Mountains, Colo., 
through the Trinidad, Canon City, Colorado 
Springs, and Denver fields, and thence along 
the Union Pacific Railroad as far ·west as 
Evanston, Wyo. From the locality which he 
gives simply as "Raton Mountains,"2 but 
which from his report appears to be confined to 
the immediate vicinity of Trinidad, he men-

1 U.S. Geol. Survey Terr. Fifth Ann. Rept., for 1871, Suppl.,p.19, 1872. 
2 U.S. Geol. Survey Terr. Sixth Ann. Rept., for 1872, pp.318-322, 1873. 

tions only 6 species from the upper or 'Raton 
formation, none of which was an addition to 
those previously known from the collections of 
Le .Conte and Hayden. However, within a 
Inile or two northwest of Trinidad he dis­
covered a locality, evidently in the lower beds, 
where a heavy ilaggy sandstone, resting con­
formably on the surface of ''the black shale 
No. 4 of the Cretaceous" (=Pierre), was filled 
with fucoidal remains. As regards the age of 
this hard white sandstone, which is· undoubt­
edly what is now known as the Trinidad sand­
stone, Lesquereux was in some doubt but con­
Cluded that it occupied a "'kind of debatable 
ground, duJ;>iously referred either to the Cre­
taceous or Tertiary."3 From this horizon he 
described seven species of fucoids and a single_ 
doubtful fungus, all but one being new to 
science.4 

In 1878 Lesquereux 5 published his work on 
the Tertiary flora, which was really a contribu- . 
tion to the Tertiary flora of the western Terri­
tories. So far as regards the area under 
consideration this volume was based on the 
material already known from the collections of 
Le Conte, Hayden, and Lesquereux himself: 
This material ~as simply more fully described 
and was for the first time illustrated. In dis­
cussing the age of the beds involved Lesquereux 
again correctly referred the upper coal measures 
(now the Raton formation) to the Tertiary, and 
in reviewing the evidence concerning the white 
. fucoidal sandstone from near Trinidad, he pre­
sumed that Cretaceous No. 5 (Fox Hills) was 
absent from the section and concluded that 
these . beds were pro~ably best regarded as 
forming the basal member of the upper series 
and hence were also of ~ocene age·. It may be 
added that in his treatment of the species pre­
viously enumerated from the Raton-Trinidad 
area, he omitted several which were probably 
merged with other forms and made no clear 
record of such disposition; and he also changed 
the generic and specific designation of a num­
ber of others .. A record of these emendations 
and omissions will be found. on page 226. 

From 1878 to about 1905, when inte:.;est in 
the field w~s renewed,- work on the paleobotany 
of the Raton Mesa region was desultory and 

a Op. cit., p. 319. 
4 'Op. cit., pp. 372-375. · 
5 Contributions to the fossil flora of the western Territories; the Tertiary 

flora: U.S. Geol. Survey Terr. Rept.;vol. 7, 1878. 
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relatively unimportant. In 1883 Newberry 1 

named and .described four species of plants 
fro1n Vennejo Canyon, Fisher's [Fisher] Peak, 
and North Branch of Purgatoire River, 
respectively. 'rhese were more fully described 
and figw·ed in 1898.2 In 1883 the age of the 
bod~ had come to be regarded as Laramie, and 
Newberry so roferred them, apparently on the 
n1istaken assutnption that they were of the 
sn.me age as the .coal-bearing rocks of the Den­
ver Basin,. which had come to be known as 
Laranue. From that time until the work was 
done that has resulted in the present paper 
no critical study was made of the fossjJ plants, 
and this erroneous asswnption remai~1ed un­
challenged. 

'rho only other paleo botanic work done 'in 
this field is n1y own. In the course of this work 
I have made a number of preliminary reports 'at 
the instance of several geologists connected with 
the United States Geological Survey. Thus in 
1909 W. T. Lee 3 published a papei·, in which, 
aftor describing the physical evidencE} for an 
unconformity in the so-called Laramie of the 
Raton coal field, he p;resented a tabular list of 
the plants from the beds below and above the 
unconformity, and reached the tentative con­
clusion that the 'lower beds are older and the 
upper beds younger than the Lara1nie. 

In 1908 G. B. Richardson 4 investigated the 
coal of the Trinidad field for land-classification 
purposes and made brief mention of the fossil 

· plants of ·the region. l-Ie noted the conglomer­
ate now· known to mark the unconformity but 
questioned its significance and referred the 
whole of the coal-bearing rocks tentatively to 
the Laramie, pending the paleobotanic study. 

As it has been decided to include the consid­
eration of the Canon City field with that of the 
'Raton Mesa region brief mention n1ay he ·made 
of the paleobotanic activities within this field. 
Although both I-Iayden and Lesquereux visited 
the Canon City field and mentioned the abun­
dant occmTonce of fossil plants neither appears 
to have made collections; in any event, they re-

t Nowbon·y, J. S., Hrlofdoscriptions of fossil plants, chiefly Tertiary, 
from wost;orn North America: U.S. Nat. ll:1us. Proc., vol. 5, pp. 502-514, 
1883. 

2Nowberry, J. S., 'l'ho later extinct floras of North America: U.S. 
Oeol. Smvoy Mon. 35, 1898. 

s Unconfor·mity in tho so-called Laramie of tho Raton coal field, Now 
Mexico: Gool. Soc. America Bull., vol. 20, pp. 357-368, 1909. · 

• U. S. Geol. Survey Bull. 381, pp. 379-446, 1910. 

47019°...-17--15. 

corded none. About 1885 Mr. George Hadden, 
sometime superintendent of the coal mines at 
Coal Creek and Rockvale, made a very consid­
erable collection of pla.nts which he sold to 
Mr. R. D. Lacoe, of Pittston, Pa., who later 
d01iated it to the United 'States National Mu­
seum. This collection was studied by Lesque­
reux, who .prepared a voluminous report on it, 
which, however, was never published. This 
material, together with the Lesquereux manu­
script, has been available. 

At apparently about the same time Mr. Had­
den mad~ another and still larger collection 
for Newberry, who partly studied it. . The du­
plicate material was sent to the United States 
National Museum, where it now is and the 
other and undoubtedly better ·portion was -re­
tained and is now· in the New York Botanical 
Garden, Bronx Park, New York City. Noth­
ing. ha~ been done with this collection since 
Newberry's death except that the ferns were 
worked up and · qescribed by Hollick.5 The 
species established by Hollick are included· in 
the present paper, .hut .the bulk ofthecollection 
remains unstudied. 

In 1908 C.W.Washburne 6 spent some months 
in the study of the coal and oil resources of the 
Canon City field and made fragmentary collec-· 
tions of. plants~ These were identified, .so. far 
as possible, by me, and I then reached the 
conclusion· that the lower coal b,eds belonged 
to the Montana and the upper beds, above the . 
Rockvale sandstone member of the_ Vermejo 
formation, probably to the Laramie. 'rhey 
were all referred to the Laramie by Washburne, 
who conc~uded that there was "no good rea­
SOl~ for separating these lower beds from the 
Laramie, even though they contain: an upper 
Montana flora." Subsequent investigations 
have shown that the whole series is referable to 
the Montana. . 

In the following year (1909) I spent several 
days in collecting in the Canon City field, 
especially in the vicinity of Rockvale, and 
was able to obtain sufficient material to 
fix the exact horizon whence came the I-Iadden 
collections (previously in doubt), and to make 
certain that the whole section is part of the 
Montana. · 

6 Hollick, Arthur, Fossil ferns from tho Larami~ group of Colorado: 
Torroya, vol. 2, pp. 145-148, pis. 3, 4, 1902. · 

o U.S. Gool. Survey Bull. 381, pp. 341-378, 1910. 
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SYNONYMS. AND CHANGES -OF INTERPRETA­
TION. 

As a cons1derable numb~r of changes in the 
names and disposition of species have been 
made in the present paper, the following list of 
s~ch changes is presented for the convenience of 
users of earlier .literature: 
Araucar:ites reichenbcwhi Geinitz=Sequoia r.eichenb~chi. 
Asplenium erosum (Lesquereux) Kno\vlton=Pteris erosa. 
Asplenium magn'l.!-m Knowlton.· Hollick, Torreya, vol. 2, 

p. 146, pl. 4, :figs. 1, 2, 1902=Asplenium? coloradense. · 
Berchemia parvijolia Lesq uereux=Ber:chemia multinervis. 
Carex berthoudi Lesquereux, U. S. Geol. and Geog. Sur­

vey Terr. Ann. Rept., 1872, p. 377 [1873]. ·Apparently 
referred by error to Raton Mountains. ' 

Carpolithus spinosus Newberry= Carpolithes spinosus. 
Ceanothus fibrillosus Lesquereux=Zizyphus fibrillosus. · 
Ceq,nothus meiggsii Lesquereux=Zizyphus meiggsii. 
Delesseria incrassata Lesq uereux = Caulerpites incrassatus. 
Delesseria ·zingulata Lesquere~x, U. S. GeoL and Geog. 

Survey Terr. Ann. Rept., 1872,- p. 374 [1873]=Cauler­
pites incrassatus. 

Dombeyopsis occidental is Lesq uereux =Ficus occidental is. 
Ficus arenacea brevipetiolata Lesquereux=.Ficus uncata. 
Ficus gaudini Lesquereu.x=Ficus uncata. 
F~s ~rregy,lariS (Lesquereux). - Lesquereux, U. S. Geol. 

Survey Terr. Rept., vol. 7, p.l96, pl. 63, :fig. 9 (not of pl. 
34, :figs. •4-7), 1878=Ficus coloradensis CockereU, in 
part=Ficus regularis. .. 

FicJ_ts planicostata latijolia Lesquereux=Ficuslatijolia. 
Ficus spectabilis Lesquereux=Ficus denveriana. 
Ficus ulmijolia Lesquereux=Ficus un:ata. 
Flabellaria? longirachis? Unger. Lesquereux, U. S. Geol. 

and Geog. Survey Terr. Ann. Rept., 1873, p. 396 
[1874]=Geononiites tenuirachis. 

Geonomites ungeri Lesquereux=Sabal? u?J,geri. 
Halymenites minor.Fischer-Ostheim. Lesquereux_=Haly-

menites major. . · 
Juglans smithsoniana Lesquereux=Ficusr smithsoniana. ·, 
Magnolia attenuata Weber. Lesquereux, U. S. Geol. 

Survey Terr. Rept., vol. 7, p. 250, pl. 45, :fig. 6, ~878= 
Magnolia angustijolia. 

Magnolia laurijolia Lesquereux, Am. Philos. Soc. Trans., 
vol. 13, p. 421, pl. 20, :fig. 2 [not :fig. 1], 1869= Magnolia 
hilgardiana. · 

Quercus neriijolia Alexander Braun. Lesquereux, U. S. 
Geol. Survey Terr. Rept., vol. 7, p. 150, pl. 19, fig. 5, 
1878=Apocynophy!lum lesquereuxii. 

Q·uercus platania? Heer. Lesquereux, U.S. Geol. Survey 
Terr. Ann .. Rept., 1871, Suppl., p. 16, 1872. A mere 
fragment not afterward recognized. 

Rhamnus deletus? Heer. Lesquereux, U. S. Geol. Survey 
Terr. Ann. Rept .. , 1871, SuppL, p. 15, 1872. (Not after­
ward referred to by Lesquereux.) 

RhamnusrectinervisHeer. Le.squereux, U.S. Geol. Suryey 
Terr. Rept., vol. 7, p. 279, 1878 .. Incidentally mentions 
'its occurrence in Raton Mountains, but not supported by 

. specimens .. 
Sa.bal communis Lesquereux~Flabellaria eocenica. 
Sabal campbelli Newberry=Sabal? ungeri. 
Sabal grandijolia N ewberry=Sabal? ungeri. 
Sabalites fructijer Lesquereux, U. · S. Geo( Survey Terr. 
· Rept., .vol. 7, p. 114, pl. 11, :fig. 3a and fruit on :fig. 3, 
1878=Nyssa? racemosa. 

Sabalites grayanus Lesquereux, U. S. Geol. Survey Terr. 
·: ~ept., voi. 7, pl. 12, :fig. 1 [not pl. 12, :fig. 2], 1878=Sabal 

montana. 
Sequoia brevijolia Heer. Lesquereux, U. S. Geol. Survey 

Terr. Hept., vol. 7, pl. 61, :figs. 25-27, 1878=Sequoia 
obovata. · 

Sphaeria lapidea Lesquereux=Rosellinites lapideus. 
Sphaerites lapideus (Lesquereux) Meschinelli=Rosellinites 

lapideus. 
Terminalia radobojensis Heer. Lesquereux, U. S. Geol.. 

Survey Terr. Ann. Rept., 1871, Suppl., p. 15, 1872= 
Magnolia angustijolia·. 

Vibur1fum anceps Lesquereux=Platanus rhmnboidea. 
Viburnum 1narginatum Lesquereux, U. S. Geol. Survey 

Terr. Rept., vol. 7, pl. 38, :fig. 2, 1878= Viburnum con­
tortum. 

Viburnum platanoides Lesquereux=Pla.tanus platanoides. 
Viburnum whymperi Heer. Lesquereux, U. S. Geol. 

Survey Terr. Rept., vol. 7, p. 225, pl. 61, :fig. 23, 1S78= 
Viburnum anmnalinervum. 

Zizyphus distortus Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 7, p. 275, pl. 51, :fig. 7 [not :figs. 8, 9], 1878= 
Ziiyphus fibrillosus. 

THE VERMEJO FLORA. 

STRATIGRAPHY. 

GENERAL CONSIDERATIONS. 

Magnolia tenuinervis L_esquereux=Magnolia magnijol~~a. For almost a quarter of a century previous 
Nelumbium lakesianum Lesquereux=Nelumbo lakesiana. 
Pecopteris sepulta Newberry. Hollick, Torreya, vol. 2, to the beginning of .detailed work (see p. 224) 
• · p. 147, pl. 3, figs. 5, 5a, 1902=0smunda hollicki. ·the coal-bearing rocks of the Raton Mesa ·re-
Persea lancijolia Lesquereux=Nectandra lancijolia~ gion of Colorado and New· Mexico were sup-
Platanus aceroides Goppert. Heer, Flora tertiaria Hel- posed to .belong to a single geologic formation-

vetiae, vol. 2, P· 71• pl. 88, :figs. 13• 14• 1856=Platanus. the Laramie. The demonstration of a wide-
guillelmae heerii.' · 

Populus monodon Lesquereux, u. s. Geol. Survey Terr. spread unconformity in the midst of this sup-
Rept., vol. 7, p. 180, pl. 24, :figs.l, 2, 1878=Ficusuncata. posedly continuous sequence naturally brought 

Populus mutabilis repando-crenata Heer. Lesquereux, into question the. correctness of the reference 
U. S. ·Geol. Survey Terr. Ann. Rept., 1871, Suppl., P· of these rocks to a single formation, and it be-
13· 1872·- . caine necessary ·to interrogate all possible 

Quercus chlorophylla Unger. Lesquereux=Quercus chloro- · -
phylloides. -sources of information as to their. bearing on 

Quercus moorii Lesquereux=Dryophyllum moorii. the point. at Issue. It· was for this purpose, 
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therefore, that the present paleobotanic inves­
tigation was undertaken, and, without unduly 
anticipating, it may be stated that it has fur­
nished a very complete demonstration of the 
distinctness. of the age of the beds ~eparated 
by the unconformity. 

'fhe present study is based on most· of the 
original material collected by Le Conte, Hay­
den, and Lesquereux and reported on by Les­
quereux:, and on the collections receatly made 

. by Lee, Richardson, St. John, and others, 
which are the most extensive and in many re­
spects the finest material thus far brought to­
gether fro1n any horizon within .the Rocky 
Mountain area. 

The flora of the coal-bearing rocks below the 
unconformity-now called the Vermejo forma­
tion-comprises 108 species and, as will be 

·brought out subsequently, presents a remark­
ably distinct and characteristic aggregation of 
plant forms. From accurate stratigraphic data 
now for the first time available, it appears that 
only about seven species of plants contained 
in the old collections as studied by Lesquereux 
can1e from horizons now known with reason­
able certainty to be below the unconforrp.ity, 
and 1nost of these are from the Trinidad sand­
stone. As all these are more or les!;! problem­
atic organisms, .supposed to belong to Fungi 
and Algae, on:ly one of which (Halymenites) has 
e\'er been found a second time either within or 
without the Raton :Mesa region, their influence 
in settling the age of the beds whence ·they 
came has b~en relatively slight. ·Lesquereux 
regarded the:m as yrobably transitional between 
Cretaceous a:nd Tertiary but finally referred 
thmn to the basal Eocene. It was not until 
the present collections were. studied that satis­
factory conclusions· were at all possible. 

SPECIES. 

As a preliminary to the discussion of the 
Ver1nejo flora the following list of species 1s 
pres en ted : 

. Fonnslcnownfrom the Vermejoformation. 

!*Species round in the Raton Mesa region. tSpecies round in the Canon 
CJty field.] 

*Rosellinites lapideus (Lesquere~x) Knowlton. 
*tHalymenites major Lesquereux. 
*Halymenites. striatus Lesquereux. 
*Chondrites bulbosus Lesquereux. 
*Chondrites subsimplex Lesquereux. 
*Caulerpites incrassatus (Lesquereux) Lesque-

reux. 

t Acrostichum haddeni Hollick. 
tPolystichum hillsianum Hollick. 

*t?Pteris russellii Newberry. 
*tPteris erosa Lesquereux. 
*Pteris?. sp. 

*tAsplenium? coloradense Knowlton, n. sp. 
t Asplenium sp. · 

. *Woodwardia crenata Knowlton. 
tStenop~eris? cret~cea Hollick. 
tOsmunda hollicki Knowlton, n. sp. 
i'Gleichenia rhombifolia B;ollick. 
tG leichenia delicatula? fleer . 
t Anemia robusta Hollick. 
t Anemia supercretacea Hollick. 
*Brachyphyllum cf. B. macrocarpum Newberry. 
*Abietites dubius Lesquereux. - · 
*Geinitzia formosa Heer. 

*tSequoia reichenbachi (Geinitz) Heer. 
*tSequoia obovata Knowlton, n. sp. 
*Wid<:lringtonia? complanata Lesquereux. 
*Taxodium? sp. 

*tCupressinoxylon coloradense Knowlton, n. sp. 
tC.upressinoxylon? vermejoensoKnowlton, n. sp. 
*Sparganium? sp. 

*tSabal montana Knowlton, n. sp. 
*Sabal? ungeri (Lesquereux) Knowlton, n. comb. 

*tCanna magnifolia Knowlton, n. sp. 
. tCanna? sp. 

tJuglans coloradensis. Knowlton, n. sp. 
tJuglans similis Kno,vlton, n. sp. 

*tMyrica torreyi Lesquereux. 
tMyrica coriacea Knowlton, n. sp. 
*Salix gardneri Knowlton, n. sp. 

*tSalix plicata Knowlton, n. sp. 
*Salix sp. a. · 
*Salix sp. b. 
tSalix sp. c. 
*Populus? neomexicana Knowlton, n. sp. 
*Quercus gardneri Knowlton; n. sp. · 
tQuercus rockvalensis Knowlton, n .. sp. 
tDryophyllum b~uneri Ward. 
·tFicus dahp.atica Lesquereux. 
*tFicus haddeni Knowlton, n. sp. 
tFicus eucalyptifolia Knowlton, n. sp. 

*tFicus leei Knowlton, n. sp. 
*Ficus minima Knowlton, n. sp. 
tFicus riewberryana Knqwlton, n. sp·. 
*Ficus? starkvillensis Knowlton, n. sp. 

*tFicus praetrinervis Knowlton, n. sp. 
tFicus regularis Knowlton, n. sp. 
t Ficus rhamnoides Knowlton. 
tFicus rockvalensis Knowlton, n. sp. 

*tFir.us speciosissima Ward . 
t Ficus tessellata Knowlton, n. sp. 

*tFicus wardii Knowlton. 
*Ficus gigantea Knowlton, n. sp. 
tFicus curta Knowlton, n. sp. 
tFicus sp. · . 
* Artocarpus dissecta Knowlton, n. sp. 
*Credneria protopl1ylloides Knowlton, n. sp. 
tLaurus coloradensis Knowlton, n. sp. 
·*Liriod€mdron ala tum Newberry. 
tPlatanus? sp. 
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tAmelanchier obovata Knowlton, n.-sp. 
tPhaseolites crassus Knowlton, n. sp. 
tPhaseolites leei Knowlton, n. sp. 
*Phaseolites rninutus Knowlton, n. ·sp. 
*Colutea speciosa Knowlton, n. sp. 
tCelastrus haddeni Knowlton, n. sp. 
tCelastrus? hesperius Knowlton, n. sp. 
*Celastrus? sp. 
*tRharnnus salicifolius Lesquereux. 
*Zizyphus paliurifolius Knowlton, n. sp. 
*Sterculia corhlcea Knowlton, n. sp. · 

·lE-tPterosper~ites nndulatus Knowlton. 
*Pterosperrnites warrlii Knowlton. 
*Pterosperrn.ites nervosus Knowlton, n. sp. 
*Hedera rotnndifolia Knowlton, n. sp. 
*Vitis? fragmenta Knowlton, n. sp. 
*Cissites panduratus Knowlton, n. sp. 
*Diospyros? leei Knowlton, n. sp. 
*Fraxinus? sp. 
*Viburnum anomalinervuni Knowlton, n. sp. 
tViburnum? hesperium Knowlton, n. sp. 

*tViburnum montanum Knowlton. 
tViburnum? problematicum Knowlton. 
tViburnum simile Knowlton, n. sp. 
*Viburnum crassum Knowlton, n. sp. 
*Viburnum rhamnifolium Knowlton, n. sp. 
tViburnum sp. . 

*tPalaeoster inquirenda Knowlton, n. gen. and sp. 
*Seedling plant? 
*Phyllites aurantiacus Knowlton, n. sp. 
*Phyllites leei Knowlton, n. sp. 
*Phyllites nanus Knowlton, n. sp. 
*Phyllites populoides Knowlton, n. sp. 
tPhyllites protophylloides Knowlton, n. sp. 
*Phyllites rosaefolius Knowlton, n. sp. · 
*Phyllites sapindus Knowlton, n. sp. 
tPhyllites castalioides Knowlton, n. sp,. 
*Phyllites walsenburgensis Knowlton, n. sp .. 
*Phvllites vermejoensis Knowlton, n. sp. 
*~hyllites ratonensis Knowlton, n. ·sp. 

Of the 108 fonns. 1 ·comprising the yermejo 
' flora 14 are more or less fragmentary and have 

not been given specific· names, and no less 
than 61 are regarded· as being new to science. 
The remaining 33 forms were previously known, 
and most of them have been··found outside the 
Raton Mes'a region. 

The Vermejo flora is unmistakably Creta­
ceous in aspect. Thus, there may be noted 
such distinctively Cretaceous forms as Ilaly­
menites major,2 Brachyphyllum · macrocarpum, 
Geinitzia formosa, Sequoia reichenbachi, Wood-. 
wardia crenata, "JtViddringtonia complanata, the 
genera Oredneria, Gleichenia, Pte'rospermites, 

·1 The Jist includes a few forms from the Trinidad sandstone that are 
so closely related to those of the Vermejo that it has been deemed wise 
to include them in the Vermejo flora. 

2 'rhis fJrm occurs below but nowhere higher than the Upper Creta­
ceous, cxcE\pt in the Cannonball member of the Lance formation. Its 
maximum distribution .is in or near the :Fox Hills. 

etc. So far as known not one of these forms 
has been .found above the Cretaceous or, for 
that matter, ·above the Montana. 

Following is a list of Vermejo species,3 most 
of which occur at Point of Rocks and on the 
Laranlie Plains in Wyoming, at Coalville in 
Utah,· ·and elsewhere outside the Raton Mesa 
regwn.· 

Vermejo plants v.:ith outside distrib1~lion. 

Halymenites major. 
Woodwardia crenata. 
Pteris erosa. 
Anemia supercretacea. 
Brachyphyllum macrocarpttm_. 
Geinitzia formosa. 
Sequoia reichenbachi. 
Sequoia obovata. 
Widdringtonia? complanata. 
Sabal montana. 
Sabal? ungeri. 
Myrica torreyi. 
Juglans simWs. 
Ficus dalmatica. 
Ficus wardii. 
Ficus regnlaris. 
Ficus rhamnoides. 
Ficus specioi3issima. 
Ficus eucalyptifolia. 
Rhamnus salicifolius. 
.Pterospermites unrlulatus. 
Pterospermites wardii. 
Viburnum montanum. 
Viburnum problematicum. 

The ·geologic positions of the localities with 
which the V ermejo flora has· species in common 
are as follows: Point of Rocks, Wyo., belongs 
to the Almond coal group of Schultz 4 and is 
referred .to the upper part of the Mesaverde 
formation. The locality at Rock Springs, 
Wyo., which has afforded a number of very 
characteristic forms is in the Rock Springs 
coal group of Schultz 5 an<:l is also referred to 
the Mesaverde foFmation, but lies ·perhaps 
1 000 feet below the Almond. The plant beds ' . . 
at Coalville; Utah, according to Stanton,6 are 
overlain by. 1,800 feet of marine Cretaceous 
strata and are referred by him to the Montana. 
The localities on the Laramie Plains, Wyo.;. 
are also referred 7. to the :Cretaceous in the 
approximate position of the Mesaverde. 

a Knowlton, F. H., Flora of the Montana formation·: U. S. Ceo!. 
Survey Bull. 1G.3, 1900. 

4 Schultz,·A. R., U.S. Ceo!. Survey· Bull. 381, ·p. 223, 1910. 
5 Idem, p. 224. 

• 6 Stanton, T. W., U.S. Geol. Survey Bull. 106, pp. 43-44, 1893. 
1 Stanton, 'r. W ., and Knowlton, -F. H., Geol. Soc. America Bull., 

vol. 8, pp. 137-143, 1897. · 
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There can, of course, be no doubt as to.· the 
correctness of the reference of the above-men­
tioned localities to the Cretaceous, and, more­
ovei·, to that portion of the :Montana group that 
has either been directly assigned to the Mesa­
verde formation or is acknowledged to be in 
the approximate stratigraphic position of this 
formation. Therefore, as fully 90 per cent of 
the Vermejo Hora enjoying an outside distri­
bution occurs at these localities and as, further, 
the affinities of a majority of the sp~cies de­
scribed as new point in the same direction, 
it naturally follows that the beds containi~g 
this flora must occupy a similar stratigraphic 
position. 

In this com10ction it will perhaps be of some 
interest to compare the Yermejo, flora of the 
Raton Mesa region with the Hora of beds in a 
similar stratigraphic position on the west side 
of the 1nountains. It has long been Lee's con­
tention that the stratigraphic sequence is es­
sential}y identical on- opposite sides of the 
mountains, and in proof of this he was .able 
in 1911 and 1912 satisfactorily. to correlate 
certaitt of the formations of the' Raton Mesa 
region as well as the unconformity separating 
them around the· southern end of the moun­
tains and thence up the west side to Durango, 
Colo.1 

Thus the following Montana species are now 
known to be common to the east and west 
sides of the mountains, but it is to be added 
that the collections from the various .areas on 
the southern and western sides of the moun­
tains are very large and up to the present.time 
have been only hastily examined. When their 
study is completed many other species common 
to both sides will doubtless be fbund. 

0 
• 

Vennejo species occurring west of the Rocky Mountains. 

Abietites dubius. 
Brachyphyllum macrocarpum. 
Geinitzia formosa. · 
Sequoia reichenbachi. 
Sequoia obov3:ta. 
G leichenia rhombifolia. 
Viloodwardia crenata. 

. Sabal montana. 
Sabal? ungeri. 
Myrica torreyi. 
J uglans similis. 
Ficus rhamnoides. 
Ficus speciosiss~a. 
Ficus eucalyptifolia. 

1 Geol. Soc. America· Bull., vol. 2'3, pp. 571-GSG, 1912. 

Ficus leei. 
Ficus wardii. 
Ficus praetrinervis. 
Ficus starkvillensis. 
Viburnum? problematicum. 
Viburnum anomalinervum. 

The remaining previously named species­
about a dozen in number-are apparently con­
fined to the Raton Mesa area, not having thus 
far been identified outside. 

Although new species as such may ·ha:e 
little or no value in fixing the age of the beds 1n 
which they occur their obvious affmities may 
lead to important deductions~ Thus J uglans 
similis is related to J. rugosa, which has a 
wide range in Cretaceous anc}. lower Tertiary. 
Myrica coriacea is most closely related to :Af.. 
torreyi a V ermej o and in general an Upper 
Cretac~ous form. Ficus haddeni is of the type 
of F. praetrinervis and. is not greatly different 
from it. Ficus leei, one of the handsomest and 
most abundant species in this Hora, is very 
close to and, in many cases, is almost indis­
tinguishable from Ficus speciosissima, a highly 
characteristic Montana species. Ficus new­
berryana is of the type of F. planicostata. 
Ficus starkvillensis is evidently related to F. 
lanceolata, .a form commonly found in· the 
Laramie of the Denver Basin. Ficus praetri­
nervis is close to F. trinervis; and F. rock­
valensis is· quite similar to cert~in leaves from· 
Point of ·Rocks, Wyo., referred by_· Lesquereux: 
to F. dalmatica. Ficus tessellata is r~lated to F. 
navicularis. Artocarpus dissecta, which comes 
only from Walsenburg, is most neatly related 
to A.lessigiana from the Laramie of the Denver 
Basin yet differs essentially; Oredneria pro­
to'phylloides ·is hardly to b~ distinguished from 
0. integerri~a Zenker, from the Quade:rs~n?­
stein of Blankenburg. Laurus montanens~s 1n 
the matter of nervation approaches very closely 
to L. primigenia Unger as figured by Lesque­
reux but differs from it in size and shape. It 
is perhaps the same as specimens repor.te~ fro.m 

· Point of Rocks under the name of L. pnm~gen~a. 
Liriodendron alatum Newberry is apparently 
identical with leaves reported from the Eagle 
sandstone of Montana. Phaseolites crassus 
appears to approach most closely to P. elegans­
Hollick from the Raritan formation of New 
York. Sterculia coriacea is of the same type as 
S. reticulata Le~quereux, from the Dakota sand­
stone o! Kansas, and S. rigida Lesquereu..x, fron1 
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the Miocene of Florissant, Colo., though differ­
ing · essen_tially from each. Diospyros? leei is 

. of the sa~e type as D. ficoidea Lesquereux, 
from Black Buttes and I-Iodges Pass, Wyo., but 
differs from it in being more nearly elliptical in 
shape and in having lower-angled secondaries. 
Viburnum anomal~nervum is the same as a leaf 
from Point of Rocks, Wyo., that was referred 
by Lesquereux to V. whymperi Heer, but· that 
.is quite distinct from. that species. Viburnum 
simile was associated with and is undoubtedly 
most closely related to V. montanum Knowl­
ton, a species fro~ Point of Rocks. Viburnum 
rhamnifolium is very close to V. problematicum 
as described in this report_from Rockvale, Colo. 

clud~ng all in the Montana is no longer ques-
tioned. . 

The complete list of the Vermejo flora on 
pages 227-228 shows the species common to the 
Raton Mesa and Canon City fields, and though 
these are not numerous (less than a dozen) most 
of them are important forms not likely to be 
misidentified. 

FLORAS OF THE VERMEJO AND RATON FOR• 
MATIONS. 

Naturally, much interest attaches to the 
relation between the floras· of the beds below and 
above the unconformity, that is, between those. 
of the Vermejo and Raton formations. The 
paleobotanic differences between them . are 

FLORAS OFTHE CANON CITY .LL~D RATON MESA strikip.g, for at present Only four species (Pteris 
FIELDS. s b z . erosa, a a? ungen, Ficus praetrinervis, and 

... 1\lthough ·the prese'nt investigation is pri- Palaeoaster inq_uirenda) a~e known to cross the 
marily concerned only With the ;Raton Mesa line. . 
area it has been thought best to include with it The last-named spec~es is very close to the 
a consideration of the Canon City field, especi- line on either side. In the Vermejo formation 
ally as the relations between them have been it is found at Alkali Gap, in the Canon City 
found to be intimate. The Canon City field is field, 35 feet above the highest Halymenites 
north of and in a way intermediate between zone, and at Walsenburg above the highest bed 
the Raton Mesa field and that of the Colorado of the lower coal group. In the Raton forma­
Spiings and the Denver Basin areas. tion it occurs at the Bowen mine, near Trini-

The Canon City coal measures were once_ sup- ·dad, only a few feet above the conglomerate. 
posed to be of Laramie age (p. 225) and even as There are, however, one or two other species 
late as 1910 were so referred by Washburne/ that may ultimately prove to be common to the 

·notwithstanding the fact that I had already two formations when fuller colleCtions are 
pointed out that at least the lower 400 feet of available. Thus, what has been described as 

new under the name of Artocarpus dissecta 
beds (all below the Rockvale sandstone mem- .from Walsenburg (based .on a single example) 

· her) contained a Montana flora. Subsequently may . prove to· be identical with Artocarpus 
much more co:rp.plete and better collections, similis or A. Zessigiana. Myrica torreyi occurs 
made by Lee, Stanton, and Knowlton, showed elsewhere in beds corresponding in age to the 
t_hat the entire coal measures section, at least up Raton formation. Some of the species of Ficus 
to and including the so-called rim rock, belongs· of the type of F. planicostata may occur in both 
in the Montana. Iialymenites major, which is , . . . . . . formations but at present are not known to do so. 
held always to IndiCate marine conditwns, IS A 'd f th f t th t th t fl. h s1 e r~m e ac a e wo oras ave 
especially abundant in the upper portion of the . only four species in common, theyshowmarked 
Rockvale sandstone, as well as in its stratigraphic and striking differences. For example, the 
equivalent on the west side of the basin, and is Algae, represented· in the Vermejo by the 
now known to occ:ur in the upper coal group genera Halymenites, CJhondrites; and Cauler- · 
nearly to the base of the rim rock near Rockvale. pites, are unknown in the Raton formation. 
Ficus speciosissima and its near ally, F. Zeei, The ·ralmaceae,· represented in the Raton by 
also occur throughout the section, and other of five genera and nine species and occurring at 
the most characteristic Montana forms are 
found both above and below the Rockvale practically every locality in which collections 

were made, are reduced to a single genus and 
sandstone. Therefore, the propriety o( In- two species in the Vermejo and are known 

1 U. S. Geol. Survey Bull. 381, p. 348, 1910. to occur in· less than a dozen localities. The 
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Coniferae, abundant·in genera and speci~s in the Sequoia reichenbachi (Geinitz) Heer. 
· - Sabal montana Kno"~lton. Vennojo:formation,arewithoutknownn~presen-

Myrica torreyi Lesquereux. 
tation in the Raton formation. The Platana- Ficus· dalp:mtica? Ettingshausen. 
ceae, represented in the Raton formation . by Ficus triner\ris Knowlton. 
seven forms and a great mai1y specimens, have Rhamnus salicifolius Lesquereu,x. 
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a single very doubtful representation in the A brief discussion of the above species may 
Vermejo formation. The MagnoJiaceae are ex- be of interest. 
ceeclingly ·abundant in the Raton formation Sequoia. reichenbachi has an almost world-, 
but are without a species of Magnolia in the \vide distribution and ranges in age from Juras­
Vermejo formation. The Cornaceae have two ·sic to Upper Cretaceous and is, therefore, of 
species i'1 the Raton formation but are not" no impprtarice as a.close horizon marker. The 
k:t1o·wti 'in the lower beds. · ~ · · ·· · lu)own p~esence .of :this species in the Laramie 

In addition Acrostichum, Polysti~h'um, Wood- ;Tests -~n a fe"/more or less doubtful fragments, 
wardia, Gleichenia, Sparganium, Canna, Ptero- \though !t c~rrrectly identifie~ it~ rarity has of 
81Jennites, Gissites, Diospyrq_s, Gredneria, Lirio- ·course no par.ticl,llar· bear~ng in the present 
dend'ron, and Golutea, all Vermejo genera, are ~consideration. Sabal montana is a very large 
not present in the RatOJ} formation; and simi- leaved speci~s, p-erhaps tl}e latgest lmown 
larly, Alismaphyllites, Phragmites, Fagus, Gas- in the Roc_ky Mounta!n regi.on, ~mel as a con-· 
tanea, Aristolochia, Castalia, Nelumbo, Gin- s-equence It. i.s ·rare to find 'it preserved ·in 
namomum, Liquidamb.ar, -Rhus, Geanothus/1-lcer, condition ·that will permit certain identifica­
Sapindus, Pal~urus, Apeibop~is, Gissus,. Aralia, tion. It is· fairly a'Qm;t.clant in the Vermejo 
Nyssa, AndTomeda, Ghionanthus, and Apocyno- formatio_n and has .P!Obably been correctly 
1Jhyllum, all Raton genera,· are not represented identified in the Laramie, though tl?-e specimens. 
in tho Vorniojo. are fragmEmtary. Jfyrica torreyi, though occur- · 
VEUMEJO AND LAU~MIE FLORAS QF THE DEN- ring mainly,in_the Montana, is a wide_ly 'r'a~g-

VEll. B.A.SlN: . . , ing form and h_as even bee:n fowd in bedS above. 
As the coal-bearing rocks of the Raton Mesa: the unconformity. Rhamnus salicifolius was 

region were regarded__:.un,til .the· beginning of originally described from the Laramie and has 
the present· investigationi:-as belonging to the subsequently been found at a ri.limber of hori­
Laramie, it will be of interest to compare the zons both, above and below· the unconformity. 
floras of the beds below tP.e ·u~1conformi~y- The two species of Ficus are fai~ly well marked. 

· the flora of the Vermejo formation-,vitn the species that have probably 1:>een correctly iden­
flora of the Laramie in its typical area. As the tified in :both the Vermejo and Laramie. 
'l:lnconformity _that separates the Laramie from The Vermejo flora, as already pointed out 
~he overlying Arapahoe and Denver formations (p. 230),_i's distinctively Montana in aspect,_and 
in the Dm~ver Basi1i~s the saine as that delimiting although the Laramie flora is obviously related 
tho Vermejo formation from theoverlyingll:aton to the_Mo,~tana flora, it is dis_tinctly different, 
formation, it 1night seem a priori that the two and' with adeq11;~~e collections there should be 
floras should have much in common and per- no. difficulty in separating them. It appears 

. hn.ps should be identical. Critical study, how- that the erosion pro0-ucing the unconformity, 
ever, faHed sign'ally to confirn1 ,this supposi- which is regarded by many as profound and 
tion. At first it was thought that only a single which in any event was very consicJ.erable, has 
species (Rhamnus salicijolius) was common to tleft som~ 1,200 fee~ or less of. Laramie in the 
the ·two formations. Since 1913, "rhen tho· 1Denver Basin, and. that in the Colorado Springs 
presm~t pa.pm~ was completed,. a thorough ; area, the..~li_thernmost point at which the Lara­
revision has been made of the Laramie flora in : mie has thus far been recognized, it has reduced 
the Donver Basin, and this discloses that there ~the ~hickness ·of the Laramie to a maximum of 
are five or six species that occur in both. But ; 375 feet where the \r.verlying . beds (Dawson 
as there are 106 species in the Vermejo flor~ arkose) transgress everything-perhaps dow·n to 
and 129 in tho Laramie flora, the relationship the Cambrian. In the Trinidad field the. Lara­
obviously is not very strm;g. The specws _1~1 : mie, if ever present, has been entirely removed, 
conunon are as follows: . and the erosion has cut the Vermejo to a little 
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over 4oo· feet in thickness. In other parts of 
the Raton Mesa region, as Lee has shown, th_e 
Vermejo and .the underlying ·Trinidad sand­
stone have both been removed arid the Raton 
formation rests directly on Pierre shale. . This 
explanation of the physical history is supported 
by the paleobotany. 

SPECIES TRANSGRESSING THE GREAT UN­
CONFOR~HTY ELSEWHERE. 

tan a, Judith River, Laramie; etc.) below the line 
. of the unconformity throughout the same areal 
extent contain about 350 known species; and 
the -combined floras in the beds above the 

. break (Raton, Dawson, Arapahoe; Denver, 
Lance, etc.) contain over 700 known species. 
If out of 350 species below the line and 700 
species above it, only 21 or 22 are known to 
transgress- it, the distinction between the rocks 
below and above would appear to be sharp . 

. As already pointed out, the unconformity In fact, the only wonder is that more species 
which separates the Vermejo and Raton forma- do not cross the line. If the known number 
tions in the Raton Mesa region is the same as should be even doubled by future work (a con­
that in the· Colorado Springs region, where it clition which, according to present. kno.wledge, 
separates the Dawson arkose from all under- is improbable) the difference would still be 
lying beds, and as that in the Denver Basin, very marked. 
where it separates the remnant of the Laramie 
from the overlying Arapahoe and Denver forma- BIOLOGIC CONSIDERATIONS. 

tions. It is also believed to be essentially the The complete flora of the Vermejo formation, . 
same as that in Carbon County, Wyo., where to which has been added that of the Trinidad 
it separates the most complete section of sandsto~e, comprises 108 species. (Seep. 227.) 
Laramie known (5,000± feet) from the overly- I tis believed that this enumeration is really very 
ing dinosaur-bearing beds~that is, that sepa- conserVative, for it on1its "the many £ragmen­
rates the "Lower Laramie" from the "Upper tary forms that are always present but that can 
Laramie" of Veatch. Likewise it is believed to not be adequately characterized, and includes 
represent the time interval ill- eastern Wyo- only those that are capable of being figured.or 
ming, the Dakotas, and Montana, which is be- described so that they may· subsequently be 
lieved to everywhere separate the Lance forma- recognized. The numb~r accepted. is doubtless 
tion from underlying beds (Fox Hi'lls, Pierre, far short of the actual number that ~ived during 
etc.). · Ve:imejo time, for no matter how carefUl the 

In this connection it may be of interest ·exploitation, 'each new collection is almost cer­
brie:fly to review the species of plants that are tain to bring to light forms previously Urilmown 
known or suppo_sed to cross· the line of this or unrecognized. 
unconformity. . The vast group of Thallophytes is, as might 

Only four species (p. 230) are known to be be expected, but sparsely represented in this 
common to the Vermejo and Raton formations flora. The fungi comprise only a single rather 
in the Raton ~esa regi<?n, and only six 'species insufficiently characterized bark-inhabiting spe­
(p. 231) to the Laramie of the Denver Basin and cies, and this, _of cours~, must give a very inade­
the Raton formation. At one time or another·· quate idea of this group as it doubtless existed 
about 11 species have been reported as passing at the time. The Algae are represented by 
from Laramie to Denver, 5 or 6 from Laramie three genera and five nominal species, but as 

· to the _dinosaur-bearing beds in Carbon County, most of these are preserved simply as rough 
Wyo., and 16 from Cretaceous (Montana and sands-tone casts of stems or portions of. fronds 
Laramie) to the Lance. On elirp.inating dupli- they are not in a shape that will permit adequate 
cations in the several lists as well as the few biologic comparison, and about all that can 
species which fuller information has shown to be said of. them is ~hat they appear to be 
have been incorrectly identified in one or the properly referable to the group. 
other horizon, there remains a total of about With the Pteridophyta, however, ·the case is 
·21 or 22 species that are known to cross the entire]y different, at least four families being 
line of this unconformity throughout its whole identifiable with a fair degree of certainty. 
areal extent, from New Mexico on the south The largest representation is in the Polypodi-

. to the Canadian border on the north. The aceae, which embrace six genera· (Acrosti­
combined floras of the beds (Vermejo; Mon- chum,_ Polystichum~ Pteris, Asplenium, ·wood-
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wardia, and StenoJJteris?) and nine specj~s. The 
Osnuntdaceae are represented by a single 
species (0. holliclci), and the Gleicheniaceae 
~nd Schizaeaceae by two species each. . 

In the Spermatophyta the Coniferales are 
abundantly represented, not only by genera 
and species but by individuals. The recently 
est~blished frunily Brachyphyllaceae, which 
has apparently no very close living relatives, 
contains in this flora a single species, which is 
probably the san1e as Brachyphyllun~J macro­
car1Jum· Newberry, though, as the material is 
not very well preserved, the specific identifica­
tion has been questioned. The Pinaceae, how­
ever, are abundru1tly represented by six genera 
and eight species. Of these the most abundant 
ru·e the sequoias, which represent both the 
living types of the genus, Sequoia reichenbachi, 
corresponding to S. washingtoniana, and S. 
obovcttct, corresponding to the livingS. semper­
virens. It is possible that the two species 
described under the nan1e of Oupressinoxylon 
may represent the wood of son1e form described 
also fr01n the foliage; but this can not be proved· 
at present. 

'rhe.::Monocotyledonae were but sparsely rep­
. resented in the collections, there being a single 
doubtful species of Sparganium, two species of 
Sabal, ru1d two that apparently' belong to 
Oanna. It is of course probable that there 
were many nlore monocotyledons in this flora, 
but as n1ost of them were inconspicuous small 
fonns without deciduous foliage the chances of 
their being preserved were relatively remote: 

Many orders of the Dicotyledonae are well 
represented. Thus, the Juglandales are· rep­
resented by the Juglandaceae with two species, 
the Myrtales by two species of ltfyrica, and the 
Salicales by five forms of Salix· and a single 
doubtful species of Populus, and t}le Fagales by 
two species of Quercus. The largest and most 
unportant dicotyledonous order is the Urticales 
and family Moraceae, with no less thru1 17 
species referred to Ficus. ru1d 1 to Artocarpus. 
Fi~us must have been' exceedingly abundant 
ru1d conspicuous, for there is hardly a collec­
tion without one or more species ·of it, and some 
have as 1nany as half a dozen. Individuals are 
also abttndant, son1e species, such, for instance, 
as in Ficus leei, being represented by literally 
dozens of leaves, so many that it has been 
possible to work out their range in size and 
individual variations. 

In the order Ranales the Lauraceae are 
represented . by a su1g~e species of Laurus and 
the Magnoliaceae by a well-marked species of 
Liriodendron. The Rosales are comprised in 
three families-the Platanaceae with a su1gle 
doubtful fragment of Platanus, the Rosaceae 
with a species that apparently belongs to 
Amelanchier, and the Papilionaceae by anum­
ber of leaflets referred to Phaseolites and 
Oolutea. The order Sapu1dales, family Celas­
traceae, has had referred to it three forms' of 
Oelastrus; and the order Rhaninales, family 
Rhamnaceae, is rep res en ted by a single species 
each of Rhamnus and Zizyphus. 

Another fairly well represented ·order is the 
Malvales, ·there being one species of Ste~culia, 
three of PteroSJJermites, and one of Hedera 
referred to the. family Ste~culiaceae, a~1d one 
species each of Vitis and Oissites referred to the 
Vitaceae. These are followed by two relatively 
.unimportant orders, the Ebenales with a single 
species of Diospyros and the Gen tianales with a 
very doubtful leaflet of Fraxinus. The remain­
ing order of particular importance in this flora 
is the Rubiales·, which comprises eight more ·or 
less well characterized species of Viburnum . 

The remaining constituents of this flora··are 
of uncertaiii systematic position. They con1-
prise the peculiar organism, perhaps a capsule, 
described under the name of Palaeoaster. 
inquirenda, and two species segregated under 
th_e form genus Phyllites. 

Briefly to recapitulate: The Vermejo flora 
comprises 108 forms distributed among the 
several groups as follows: Fungi, .1 genus ru1d 
species; Algae, 3 genera, 5 species; Pteri­
dophyta, 4 families, 9 genera, and 14 species; 
Coniferales, 2. families, 7 genera, and 9 species; 
Monocotyledonae, . 3 families, 3 genera, anc_l 5 
n01ninal species; Dicotyledonae, 13 ord2rs, 17 
families, and 60 species. 

ECOLOGIC CONSIDERATIONS. ' 

From the biologic aspects of the V ermej o 
flora some tentative conclusions may b.e drawn, 
with a fair degree of probability, as to the eco­
logic conditions under which this flora existed. 
In drawing conclusions fron1 individual organ­
isms in an inquiry of this kll1d dependence 
n1ust of course be placed on our knowledge of 
·the present-day requirements of similar species, 
and the results Iil:ust always be subject to pos­
sibility of error from two sources-first, f1;om 
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the incorrect placing biologically of the organ-· between 15° and 100°, with an annual average 
ism and, second, from the fact that its require- of 50° to 60° F. 
ments in past geologic tjine may not have been The big tree (S. washingtoniana) occurs n:ow 
the same as these which now dominate the life in the interior valleys of California at eleva-

. activit~es of its supposed analogue.· However, tions of from 5,000 to 8,500 feet and is tolerant 
when all of the elements of a flora appear to of cooler and drier conditions. than the red~ 
point in the same direction. the liability to wood. The range in temperature is between 
serious error is minimized if not eliminated. -12° and about 100° F., with a precipitatio~ of 

The presence of numerous large coarse-grow- 18 to over 60 inches. Probably the genera 
· ing algae is interpreted as bespeaking shallow- Abietites and G_einitzia should be considered. 
water marine conditions for the beds in which ·with Sequoia-in any event they do not greatly· 
they are now folind entombed. Algae of tllis · differ from it in foliar and other characters. 
kind are present sparsely in the lower portion The genus Oupressinoxylon, which is· believed 
of the Vermejo formation and more numer- to represent the wood of Cupressinae, affords 
ously in the underlying Trinidad sandstone, · valuable data regarding. climatic conditions. 
which for convenience has been includ~d_· in Of the two species described fron1 the Vern1ejo 
this enumeration. Halymenites major occurs flora one is entirely without growth rings, and 
abundantly bot4 in the Trinidad and in the the ot4er exhibits a very shght ring in which 
Canon City areas. In other areas, where this only three or four rows of cells are slightly 
form has a wide geographic range, it has been thickened and thus mark the brief period of 
found ori, occasion in association with. various. rest. A single species of dicotyledonous wood, 
invertebrates, all of them of marine shallow- so poorly preserved that it could hardly be 
water types. Although cm;nparatively few figured or described with satisfaction, exhibits 
invertebrates have been found in company but slight trace of growth rings, at least so far 
with the Halymenites within this area it_is safe as can be made out. 
to say that the sea had access to the region, Widdringtonia, which is now represented by 
either temporarily or permanently, during the three or four species, natives of the warm, 
time of its exi~~ence. . . moist regions of South Africa and Madagascar, 

The evidence to be deriveq from the ferns is argues-if it has been correctly identified-for 
not very imp~essive and is somewhat conflict- a warm, moist climate. 
ing. The· genera Acrostichum, Woodwardia, On the whole it would appear that the coni­
Osmunda, and Anemia are distinctly swamp- fers indicate the absence of rriarked seasonal 
loving forms, but Dicksonia, as known at the changes and the presence of moist, relatively 
present day, is distinctly xerophytic, though not warm climatic conditions. 
necessarily living at any great distance from or The Monocotyledonae are unimportant but, 
above sea level. The genus Pteris is also found so far as they may be interpreted, indicate 
usually in drier situations, and Asplenium ancl marshy or swamp conditions. Palm.s, though 
Polystichum are not out of place in either· present, were unimportant in species, though 
swampy or drier habitats. I abundant in 'individuals. . · 

The conifers, however, afford much more The DicotyJedonae are the most abundant 
definite and valuable criteria for the inquiry in and conspicuous elements of the Vermejo flora. 
hand. Take first the two species of Sequoia, The genera Juglans, Myrica, Salix, Populus, 

·which, as already stated, represent both the and Quercus are poorly and in some cases 
living types· of the genus. · The redwood (S. doubtfully represented· in the flora. These 
sempervirens) is confined to the coast range of are relatively large genera that are mainly of 
California and the ~xtreme southwestern corner northern range, though representatives of all 
of Oregon, and ranges fropJ. near sea level or nearly alJ are found as far or farther south 
to approximately 2,500 feet elevation, mainly than the area under consideration. The nwst 
on the seaward side of the mountains witllin important genus both as regards species and 

' the fog belt. Here it is subjected to frequent individuals was Ficus, of which 17 forms have 
and heavy sea fogs and to typically moist soil been delimited. Ficus is a vast genus of 
and air. The annual precipitation ranges be- more than 600 living species, widely distributed 
tween 20 and 60 ·inches, and the temperature in th.e tropical and subtropical regions of the 
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world. There is also a fine species of Artocar-
1ms, a genus which, although once living as far 
north us Greenland, is now confined to the Old 
Wodd within 20° of the Equator. The genera 
Laurus and Liriodendron are now growing 
under wal'ln or at least temperate conditions. 
The several genera of Papilionaceae (Phaseol{­
tes, Oolutect) ·are not sufficiently· well deter­
mined to ·be of value in tllis · consideration. 
Oelastrus, with the exception of a single North 
.Alnerican species, is a native· of the warm por-

, tions of eastern Asia, Australia, and ~1acla­
gascar. Rhamnus is also a native at present of 
warn1 and tmnperate regions, and Zizy1Jlmts is· 
mainly found in the tropical pottions of A:mer­
ica, eastern. Asia, southern Africa, and Aus­
tralia. Sterculict is now confined to the tropics 
of both hemispheres, and Hedera is n1ainly 
tropical. Oissus is ·a very large genus of the 
tropics with a few species extending into the 
subtropics. Viburm.tm is· also extensive, hav­
ing OV~r 100 species, n10st of wluch are natives, 
of subtropical portions of eastern Asia and 
North Anterica, with, for example, two species 
in the island of Jamaica. 

From the several forms of plant life consid­
ered above that are likely to afford infonnation 
of interest or value a picture of the ecologic 
conditions as they probably existed dtlring 
Trinidad and Vermejo tin1e 1nay be drawn. 

During at least the close of Trinidad tin1e, 
. and locally in tl~e earlier stages of Vermejo time, 
the sea had access to the region, probably as n, 
broad shallow bay or arn1. In the war1n waters 
·existed the several species of large coarse alg~e, 
whose. sten1s and foliar expansions were cast on 
the beach to be covered by the sand and pre­
·served in the forn1 of casts and impressions.· 
'That there was a contemporary land flora is of 
·course 1nore than probable, but it has not been 
preserved in this area. 

Subsequently the seas was excluded, though 
perhn.ps never to any great distance, giving 
plu.ce probably to a series of gr.en,t low-lying 
·swn.n1ps and 1narshes wherein grew much of the 
vegetation of the ti1ne. In the pools and slow­
D10ving strean1s were Sparganium, and on the 
·sur:fn.ce :fton.ted the rosettes of Trapa?· micro-· 
1Jhyllct. About the edges grew Onnna?, Acro~­
tichu,m, Woodwardia, and doubtless certain figs 
and an occasional pahn. · In the denser swamps 

·were found the cypre~s-like Oupressinoxylon, 
· .Widdringtonia, Sterculia, and many species. of 

Ficus, with here and there a breadfrqit tree. 
On higher ground :were sequoias, oaks, wal­
nuts, laurels, ivies, and grapes. 

Fr01n the abundance and proportion of the 
plant types it may be presun1ed thn,t there was 
an abundance of moisture, from the absence of 
1narked growth rings that there was no sharp 
differentiation of seasons, and from the general 
facies of the whole flora that the climate was 
wann temperate and perhaps even~ subtropical. 

THE RATON FLORA. 

STRATIGRAPHIC CONSIDERATIONS. 

The ~aton formation, as the coal-bearing 
portion of the section above the unconformity 
in the Raton ~1esa region is now called, has been 
considered-largely on account of its supposed. 
stratigraphic relations-as belonging to the 
Laramie. I-Iowever, the demonstration of this 
widespread unconformity n1ade it necessary to 
investigate the upper beds with extren1e care, 
and the result has been to show that from the 
paleobotanist's point of view· they are distinc­
tively post-Ln,rain\e in age. 

As a prelinlinary . to the discussion of the 
Raton flora, the following is given as a conl­
plete list of the fonns known: 

Forms known from the Raton forma~ion. 

Dryopteris? cladophleboides Knowlton, n. sp. 
Dryopteris? sp. 

. Pteris erosa Lesquereux . 
Pteris russell ii Newberry. 
Pteris linear!s Knowlton, n. sp. 
Asplenium? primero Knowlton, n. sp. 
Anemia occidentalis Knowlton, n. sp. 
Alismaphyllites crassifolium Knowlton, n. gen. 

and sp. 
Phragmites oeningensis Alexander Braun. 

· Oreodoxites plicatus Lesquereux. 
Sabalites grayanus Lesquc3reux. 
Sabal inquirenda Knowlton, n. sp. 
Sa}?al? rugosa Knowlton, n. sp. 
Sabal? leei Knowlton, n. sp. 
Sabal? ungeri (Lesqnercux) Knowlton, n. comb. 
"Geonoma" gigantea Knowlton, n. sp. 
Geonomi tes tenuirachis Lesquereux. 
Palmocarpou palmarum (Lesquereux) Knqwlton. 
J uglans acuminata Alexander Braun. 
Juglans nigella Heer. 
·Juglans minuticlens Knowlton, n. sp. 
Juglans berryi Knowlton, n. sp. 
J uglans rugosa Lesquereux. 
Juglans rhamnoides Lesquereux. 
Juglans sapiridiformis Knowlton, n. sp. 
Juglans sapindoides Knowlton, n. 3p. 
Juglans schimperi Lesqucreux. 
Populus neotr~muloides Knowlton, n. sp. 
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Populus, female ament. 
· Fagus papyracea Knowlton, n: sp. 
Castanea intermedia Lesquereux. 
Que~cus fisheriana Knowlton, n. sp. 
Quercus simp.lex Newberry. 
Quercus? neomexicanus Knowlton, n. sp. 
Quercus? ratonensis Knowlton, n. sp. 
Dryophyllum tennesseensis Berry. 
Dryophyllum aquamarum? Ward. 
Dryophyllum moorii (Lesquereux) Berry. 
Ulmus sp. . · . 
Ficus artocarpoides Lesquereux. 
Ficus aguilar Knowlton, n. sp. 
Ficus uncata Lesquereux. 
'Ficus duplicata Knowlton, n. sp. 
Ficus ocddentalis (Lesquereux) Lesquereux. 
Ficus harrisiana Hollick. · 
Ficus denveriana Cockerell. 
Ficus neoplanicostata Knowlton, n. sp . 

. Ficus pla'nicostata latifolia Lesquereux. 
'Ficus planicostata clintoni (Lesquereux) Knowl-

ton. 
Fictts pseudopopulus Lesquereux. 
Ficus praetrinervis Knowlton n. sp. 
Ficus schimperi Lesquereux. 
Ficus? smithsoniana Lesquereux. 
Ficus richardsoni Knowlton, n. sp. 
Ficus minutidens Knowlton, n. sp. 
Ficus ratonensis KnowltoiP, n. sp. 
Artocarpus similis Knowlton, n .. sp. 
Aristolochia? elongata Knowlton, n. sp. 
Castalia leei Knowlton, n. sp. · 
Nelumbo lakesiana (Lesquereux) Knowlton, n. 

comb. · 
Magnolia angustifolia Newberry. 
Magnolia laurifolia Lesquereux. 
Magnolia hilgardiana Lesquereux. 
Magnolia magnifolia Knowlton,, n. sp. 
Magnolia leei Knowlton, n. sp. 
Magnolia lesleyana Lesquereux. 
Magnolia regalis? Heer. 
Magnolia rotundifolia Newberry. 
'Magnolia cordifolia Lesquereux. 
Laurus? caudata Knowlton, n. sp. 
Laurus ratonensis Knowlton, n. sp. 
Laurus? coloradensis Knowlton, n. sp. 
Laurus pedatus? Lesquereux. 
Laurus socialis Lesquereux. 
Laurus utahensis Lesquereux. 
N ectandra lancifolia (Lesq uereux) Berry. 
Oreodaphne? ratonensis Knowlton, n. sp. 
Cinnamomum? ficifolium Knowlton, n. sp. 
Cinnamomum linifolium Knowlton, n. sp. 
Cinnamomum mississippiense? Lesq:uereux. 
Liquidambar cucharas Knowlton, n. sp. 
Platanus aceroides Goppert. 
Platanus aceroides cuneata Knowlton, n. var. 
Platanus aceroides latifolia Knowlton, n. var. 
Platanus guillelmae Goppert. . 
Platanus guillelmae heerii Knowlton', n. var . 
. Platanus platanoides (Lesquereux) Knowlton. 
Platanus raynoldsii Newberry. 
Platanus rhomboidea Lesquere~x. 

Platanus? regularis ~nowlton, n. sp. 
Cercocarpus orestesi Knowlton, n. sp. 
Prunus coloradensis Knowlton, n. sp._ 
Leguminosites arachioides Lesquereux. 
Sophora neivosa Knowlton, n, sp. 
Cassia richardsoni Knowlton, n. sp. 
Cassia sapindoides Knowlton, ·n. sp. 
Cassia fisheriana Knowlton, n. sp. 
Iilga heterophylla Knowlton, n. sp. 
Carap.ft eolignitica? Berry. 
Xanthoxyl_um dubitim Lesquereux. 
Euphorbocarpum richardsoni Knowlton, n. gen .. 

and sp. . 
Rhus viburnoides Knowlton, n. sp. 
·Celastrus serratus Knowlton, n. sp. 
Celastrus? sp. 
Euonymus splendens Berry.· 
Acer fragilis Knowlton, n. sp. 
Sapindus caudatus Lesquereux. 
Sapindus affinis Newberry. 
Sapindus rocklandensis Knowlton, n. sp. 
Rhamnus cleburni Lesquereux. 
Rhamnus goldianus? Lesquereux. 
Rhamnus? woo_ttonensis Knowlton, n. sp. 
Rhamnus obovatus Lesquereux. 
Rhamnus fischeri Lesquereux. 
Berchemia multimirvis (Alexander Braun) Heer .. 
Paliurus zizyphoides Lesquereux. 
Zizyphus fibrillosus (Lesquereux) Lesquereux. 
Zizyphus meiggsii (Lesquereux) Berry. 
Apeibopsis? neomexicarius Knowlton, n. sp. 
Tilia speciosissima Knowlton, n. sp·. 
Sterculia berryana Knowlton, n. sp.' 
Dombeyopsis magnifolia Knowlton, n. sp. 
Vitis olriki Heer. 
Vitia leei Knowlton, n. sp.· 
Vitis inoniinata Knowlton, n. sp. 
Vitis? platanifolia Knowlton, n. sp. 
Cissus grossedentata Knowlton, n. sp. 
Cissus laevigata Lesquereux. 
Aralia coloradensis Knowlton, n. sp. 
Aralia? serrata Knowlton, n. sp. 
Hedera rotundifolia Knowlton, n. sp. 
Comus neomexicana Knowlton, n. sp. 
Comus studeri? Heer. 
Nyssa lanceolata Lesquereux. 
Nyssa? racemosa. Knowlton. 
Andromeda lanceohtta Knowlton, n. sp. 
Andromeda scripta Knowlton, n. sp.· 
Chionanthus membranaceus Knowlton, n. sp .. 
Apocynophyllutn lesquereuxii Ettingshausen~ 
Apocynophyllum wilcoxensis Berry. 
Apocynophyllum linifolium Knowlton, n. sp .. 
Viburnum·contortum Lesquereux. 
Viburnum speciosum Knowlton, n. sp. 
Viburnum magnum Knowlton, n. sp. 
Viburnum woottonianmn Knowlton, n. sp. 
Viburnum lakesii Lesquereux. 
Pa.laeoaster inquirenda Knowlton, n. sp. 
Carpites- coffeaeformis Lesquereux. 
Carpoli thes spinosus Newberry. ·. 
Phyllites retusoides Knowlton, n. sp. 

·, 
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Aside frorn the biologic relationships of 
this flora the interest naturally centers on 
the data it· affords regarding the age position 
of the beds in which it occurs. , 

Over the unconfonnity separ.ating the Raton 
and Vermejo fonnations pass only four species, 
na·mely: 

S7)ec:ics commwn to the Raton and Vermejo formations. 

Pteris · 01·osa. · 
Sabal? ungeri. 
Ficus praetrinervis. 
Palae!)aster inquirenda. 

As there are 1~? species in the Raton flora 
and 108 in the Vennejo flora,· the presence of 
only four species in c~:n11,J,110R shows c.onclu­
sively that there is no real relationship be­
tween thmn. A full discussion of the further 
differences between the two floras will be 
found on pttge 230. 

. Species comnwn to the Raton and Laramie formations of the 
Denver Basin. 

Ficus? smithsoniana. 
Paliu~·us zizyphoides. 

The Laran1ie of· the. Denver Basin affords, 
as at present understood, about 129 species of. 
phints. As only 2 species found in the Raton 
flora occur also in the Laranrie. the relation­
. ship is not very close. 

S7)ecies comnwn to the Raton and Arapahoe formatiorJ,S. 1 

Pteris erosa. 
Berchemia multinervis. 
Cissus laevigata. 
N elumbo lakesiana. 

As the H.aton for1nation occupies the same 
stratigraphic position in regard to ~he un­
conformity at _the top of the Vern1ejo as does 
the Arapahoe for1nation of the Denver Basin 
in rcgarcl to the post-Lara1nie unconfc;:n·1i1ity it· 
is of interest to c01npare their flora .. Four 
species, all of which are found also in the 
Denver forn1ation, are com1non to the two 
for:nuttions. The flora. of the Arapahoe is 
supposed to nmnber about 30 species, but of 
late some doubt has aris·en as to the correct­
ness of refcri·ing certain of the supposed 
Arapahoe localities to this foi1nation; in fact, 
Richardson 2 has expressed the tentative 
opinion that the Arapahoe 1nay be only a 

1 Since this section was writtClil it appears to have been demonstrated 
by :Richardson that tho supposed plant-bearing Arapahoe locality 
should bo rofcrrod to either tho Denver formation or the Dawson arkose. 

2 Oool. Soc. America Bull., vol. 23, p. 274, 1912." 

depositional phase of the Denver. Be this as 
it may, there is evidently not a very strong 
relation between the Raton and Arapahoe as 
at present understood. 

Species common to the Raton and Denver formations. 

Pteria erosa. · 
Phragmites oeningensis. 
Oreodoxites plicatus. 
Sabalites g'rayanus. 
Palmocarpon palmarum. 
J uglans rugosa. 
Juglans schimperi. 
Castanea intermedia? 
Ficus duplicata. 
Ficus occidentalis. 
Ficus denveriana. 
Ficus planico~tata clintoni. 
N elumbo lakesiana. 
Magnolia magnifolia. 
Liquidambar? cucharas? 
Laurus socialis. 
Platanus aceroides . 
Platanus guillelmae. 
Platanus raynoldsii. 
Platanus rhomboiclea. 
Leguminosites arachioides. 
Sapindus caudatus. · 
·Rhamnus cleburni. 
Rhamnus goldiana. 
Berchemia multinervis. 
Paliurus zizyphoides . 
Zizyphus :fibrillosus. 
Vitis olriki. 
Cissus laevigata. 
Corn us studeri? 
Nyssa lanceolata. 
Nyssa? racemosa. 
Viburnum lakesii. 
Palaeoaster inq uirenda? 

Fro111 the beginning· of the critical study of 
the Ra·ton flora it has been increasingly 
evident that its closest affinity is with the 
Denver flora. From the above list it appears 
th.at at least 34 species are common to the 
two floras. Put in another way it means. 
that 43 per cent of the Raton flora having an 
outside distribution ·is found also in the Den­
·ver; and as the total published Denver flora 
e1nbraces 98 species, it follows that n1ore than 
one-third -of these occur in the Raton fornla­
tion. It is but fair to add that the known 
new spe~ies from the Denver, not published, 
will bring its· total flora up to at least 137 
species. Even including these, however, n1ore 
than one-fourth of the total is found also in • 
the Raton formation. 
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Species common to the.Raton and Wilcoxjormations. 

Sabalites grayanus. 
Juglans ·berryi. · 
Juglans schimperi. 
Dryophyllum moorii. 
Dryophyllum tennesseensis. · 
Ficus schimperi. 
Ficus -qncata.l 
Ficus occidentalis. 
Ficus denveriana. 
Ficus harrisiana; 
Ficus neoplanicostata. 
Ficus pseudopopulus. 
Ficus latifolia. 1 

Ficus artocarpoides. 
Magnolia angustifolia. 
Magnolia leei. 
Magnolia lesleyana.1 · 

Magnolia hilgardiana. 1 

Magnolia cordifolia.1 

Laurus pedatus. 1 

Laurus ratonensis. 1 

Ginnamomum mississippiensis.· 
·N ectandra lancifolia. 
Zizyphus meiggsii. 
Euonymus splendens. 
Corn us studeri? 
Carapa eolignitica. 
Leguminosites? arachioides. 
Apocynophyllum wilcoxensis. 

·In a recently issued work Berry 2 gives the 
following list of Wilcox species that are -repre­
sented by closely related forms in the Raton 
forn1ation: 

Anemia eoceiiica. 
Asplenium hurleyensis. 
Pteris pseudopinnaeformis. 
Chamaedorea danai. 
Canna eocenica. 
Dryophyllum puryearensis. 
Artocarpus wilcoxiana. 
· Cinnamomum oblongatum. 
Cassia glenni. 
Sophora henryensis. 
Sapindus eoligniticus. 

I E. W .. Berry and I have been in constant consultation regard­
ing the relations between the floras of the Raton and Wilcox forma­
tions, and though .we arc in absolute accord as to the above-listed 
plants being common to the ~wo formations, we are not altogether 
agreed as to the names they shall bear. Some of the disagreement. 
resulted from differences in. nom'Emclatorial interpretation and others 
from differences as to biologic allocation. In order that there may be a 
minimum of confusion in comparing the two lists the names adopted by 
Mr. Berry that differ from those employed in the present work ar.e given 
below, his names following mine. 

Ficus uncata= Ficus monodon. 
Ficus latifolia= Ficus planicostata Iatifolia. 
Magnolia lesleyana= Terminalia lesleyana. 
Magnolia hilgardiana= Terminalia hilgardiana. 
Magnolia cordifolia=Combretum ovalis. 
Laurus pedatus= Osman thus pedatus. 
Laurus ratonensis= Ficus pscudolmcdiafolia. 

2 Berry, ·E. 'N., The lower Eocene floras of southeastern North 
America:. U. S. Geol. Survey Prof. Paper 91, p. 148, 1916. · 

Concern.ing this and the preceding list Berry 
says: 

This is an imposing array of identical or closely related 
forms and in.dicates that the two floras can not differ very 
materially iri age; that is, that one <;_an hot be Eocene and 
the other Cretaceous. The Wilcox differs from the Raton 
flora in the large number of Leguininosae and Lauraceae 
and in the presence of many genera whose representatives 
still live in the tropical and subtropiCal regions of America. 
* * * The fact that the commonest and not the most 
significant forms usually occur in remote areas leads me 
to the conclusion that the Wilcox flora is somewhat younger 
than the Raton flora, to .which it bears the same relation 
that it does to the Midway (?)flora. This conclusion is 
also influenced by the stratigraphic relations in the em­
baym(mt area, and the result is that I consider the Midway 
as in whole or in par~ synchronous with the Raton. I have 
seen a large amount of the Raton material in <;onnection 
with my Wilcox studies and have also visited the area 
and feel entirely justified in the conclusion that it is of 
Eocene age and slightly older than the Wilcox. 

As this is the first time, at least in recent 
years, that this portion of the Rocky Mountain 
section has been intimately compared with a 
definitely placed eastern section, a brief descrip­
tion of the latter and wha:t it signi;fies may be 
of interest. 

The Wilcox forn1ation 3 takes its name from 
Wilcox County, in south-central Alabama, 
·where its beds are characteristically developed. 
It extends as a broad coastal belt, exposed or. 
covered, from Georgia well into eastern Texas, 
being especially well exposed and characterized 
at many points in Alabama," Mississippi, ·and 
Louisiana. It has a maximun1 thicklless of 800 
to 900 feet and is composed· of "dark, finely 
lan1inated sands and clays· containing n1uch. 
vegetable matter either scattered through the 
n1ass or accumulated in lignite beds, and occa­
sional ·layers containing n1arin:e· shells." 4 In 
some localities it contains a bed of lignite 6 to 
7 feet thick near its base and another in its 
upper portion. 
· The Wilcox formation is underlain by the 
n1arine Eocene ~1idway formation and overlain 

a Owing to the fact that the limits of the several Upper Cretaceous and 
Tertiary formations of the Gulf region are more or less obscured by over­
lap and by lithologic similarity and have been inadequately studied 
paleontologically, there have been many differ':lnces of interpretation. 
What is now accepted as the Wilcox formation has been known as the 
"Sabine" formation (from a typical development along Sabine River 
in Sabine County, Tex.) and the "Chlckasaw" group, these being its 
direct equivalents. In· whole or in part it has been called "Lignitic," 
"Eo-Lignitic," "Mansfield," "Camden," "Lagrange," and "Timber­
belt or Sabine River beds," these now being abandoned for one reason 
or another. For discussion of thesynoBymy of the Wilcox or" Sabine" 
formation, see Veatch, A. C., U.S. Geol. Survey Prof. Paper 46, pp. 34-35, 
1906; and Willis, Dailey, U.S. Geol. Survey Prof. Paper 71, pp. 25, 726, 
1912. 

c Veatch, A. C., op; cit., p. 35. 
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by the Claiborne group, which is also of 1narine 
ongtn. Its position is definitely fixed, there­
fore, by the underlying 1narine Eocene as well 
as by intercalated layers that contain marine 
Eocmie invertebrates. 

The first contribution to the flora of the 
Wilcox formation (then called the "Lignitic") 
was 1nade by Lesquereux 1 in 1869, when he 
described and figured 30 species. The exact 

cl~ys in which this flora is largely preserved are 
especially favorable to the preservation ~and 
subsequent successful study of the numerous 
small leaves and leaflets,. and that· the sand-

. stones and conglomeratic· matrix holding the 
Raton flora are not so well fitted ·to preserve 
small things accounts for some of the difference 
between the two floras. But undoubtedly 
1nuch of it is to be attributed to the fact that 

localities whence ~hey ca·me are given by Les- the Wilcox is. n1ainly a strand flora and ·the 
quereux as follows: I-Iurley's schoolhouse, now Raton largely a swamp flora. 
lmown as Flat Rock Church, Benton County; Species common to the Raton and Fort Unionjormations. 
Colmnans Mill, ·near New: Prospect, Winstqn J uglans nigella. 
County; and. Oxford, Lafayette County, all in Juglans rugosa. 

Mississippi. Ficus artocarpoides. 
The next report was also by Lesquereux2 and · Magnolia hilgardiana. 

was on two small lots of plants, one from Cari1p- Platanus aceroides. 

C Sh Platanus guillelmae. 
bell's quarry at ross Lake, near reveport, Platanus raynoldsii. 
and the other fr01n McLees, ~ Iniles north of Leguminosites arachioides. 
Mansfield, both in Louisiana. This paper Sapinchis affinis. 
enumerates 17 species, 15 of which are new Berchemia multinervis. 

to this flora, th~ugh common to the Denver, The Fort Union flora is very large, number-
. Green River, and other deposits of the Rocky ing perhaps 500 species, and consequently the 
Mountains. above list of 10 species is not remarkable; yet 

'l'he third paper dealing with this flora is one it shows, when taken in conjunction with the 
by I-Iollick 3 on ·plants fr01n the vicinity of other Tertiary floras, that there is an ~ppreci­
Shreveport. I-Iollick enun1erates 36 for1ns, 7 able relation between the Raton and the Fort 
being regarded as new to science. Union. The latter flora is much in need of 

C01nbined, the forn1s givel;l in these three . critical revision, and when this can be done it 
papers 1nake a nominal list of 76 species repre- will doubtless disclose more in common. .Cer­
senting the flora of the Wilcox formation, but tain of the species common to the two, such as 
duplications and misidentifications reduce the · Ficus artocarpoides, Platanus raynoldsii, Legu­
numbet to about 65. minosites arachioides, are a very important 

During the 15 years that have elapsQd since element in the Fort Union flora~ · 
Hollick's report was published very extensive 
collections have been obtained during the work 
incident to the Coastal Plain investigations 
under the direction of Dr. T. W. Vaughan. 
This 1naterial has been el~borated by E. W. 
Berry, with the result that the flora of the 
Wilcox has now been increased to about 330 
species, of which about 250 have proved to· be 
new to science. This great increase in t_he 
Wilcox flora is largely due .to the fact that 
especial attention was given to the collecting of 
Slnall, generally overlooked forms, of which 
there are great numbers, particularly among the 
Leguminosae. The fact that the fine-grained 

t Lcsquorcux, Leo, On species of plants from the Tertiary of the 
State of Mississippi: Am. Philos. Soc. 'I:runs., vol. 13, pp. 411-430, pis. 
14-22, 186!). . 

u U.S. Nat. Mus. Proc., vol. 11, pp. 24, 25, 1888. 
a Report on a collo::tion of fossil plants from northwestern Louisiana: · 

Louisiana Goo!. Survey Rept. 1889, pp. 276-288, pis. 32-48, 1900. 

ECOLOGIC CONSIDERATIONS. 

The caution that is necessary to be observed 
in treating the probable ecologic conditions 
under which a flora now fossil may have lived 
has already ·been discussed (p. 233) and need 
not be repeated. 

The· large, coarse marine algae which formed 
such an important· ecologic feature in Vermejo 
time are of course absent from the beds of the 
Raton formation, for,the close of the Cretaceous 
witnessed the permanent withdrawal of. the 
sea from the Raton region. No remains of 
co·nifers havf1 thus far been found in the Raton 
formation, and alth_ough it seems probable that 
they were present it is certain that they did· 
not exist in conspicuous numbers. 

The ferns of the Raton formation are few 
in number and all belong to a single family 
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· (Polypodiaceae), and so far as can be made out · Vermejo, a series of great swamps and marshes 
they might have been at home ih or along the may be imagined; in and around which grew 
borders of swamps. much of the plant life of the time. In the 

Undoubtedly one of the most conspicuous shallow open waters there were water lilies of 
·and dominant. elements in this flora was the. the familiar types. In the marshes grew the 
palms, of which (see p. 287) there were at least tall, :r:.eedlike grass, Phragmites, and doubtless 
six genera andnine species, some of them being several of the small ferns. About the edges of 
exceedingly abundant in individuals. Knowl- the marshes were palms, figs, cinnamons, and 
edge of the habitat enjoyed by the living forms breadfruit trees. In the denser swamps there 
to which the Raton forms appear to be related were probably figs, magnolias, sweetgums, 
indicates that they required a relatively moist, sycamores, and certain of the climbing vines. 
warrri situation whose temperature did not fall O.n higher and drier ground were oaks, walnuts, 
much if. any below 42° F. beeches, viburnums, and grapes. · 

The amentiferous trees were apparently The presence of the numerous coal veins as 
abundant, as there were no less than nine .wal- w~ll as the character and luxuriance of the 
nuts (Juglans), two poplars (Populus), . one vegetation indicates that moi~ture was abun­
beech (Fagus), one· chestnut (Castanea), and dant, and the known distribution of the living 
six or seven oaks (Quercus, Dryophyllum)·. At representatives of the Raton flora make it more 
the present time these genera enjoy a wide than probable that the climate was at least 
range of climatic conditions, but as a majority warm temperate, perhaps not u"nlike that now 
of the .fossil forms under consideration are of prevailing. in South Carolina and Georgia. In 
types that are found in temperat~ or warm..:· fact there is no evidence that the phy~ical and 
temperate habitats, it seems safe to assume. climatic conditions had changed from those of 
such conditions for their. predecessors. Vermejo time~ 

· The 15 species of figs '(Ficus), as well as the 
3 breadfruit trees (Artocarpus), undoubtedly 
argue for a warm climate.·. Magnolias were also 
abundant and likewise predicate a warm habi­
tat, as do the laurels (Laurus), cinnamons 
( Cin'(Lamomum), and related forms ( Nectandra, 
Oreodaphne, etc.). Sycamores were not only 
numerous in species but were abundant in in­
dividuals and appear to call for warm-temper­
ate conditions. The Leguminosae are repre­
sented by several types such· as Sophora, 
Cassia, lnga, etc., which have similar require:.. 
rncnts. The sumac (Rhus), bittersweet ( Oelas­
trus), spindle tree (Euonymus), redroot ( Ceano­
thus), and buckthorn (Rhamnus) are mainly 
of temperate or war.m-temperate distribution: 
A similar story is told by such .forms as Berche­
mia, Paliurus, Zizyphus; Sterculia, Oissus, 
Hedera, and Aralia. Vitis, .Andromeda, and 
Viburnum preferred rather cooler climates. 

The physical conditions under which the 
Raton flora existed do not appear to differ 
greatly from those which existed in Vermejo 
time. There is· no evidence that the sea occu-

. pied this area after the close' of the Cretaceous, 
·but much of the country must' have remained 
at or ncar water line for. very long periods, thi3 
bJing abundantly attested by the numerous 
thick beds of coal. As in th~ case of the 

AGE OF"THE RATON FORMATION. 

The evidence on which the Raton formation 
i.s believed to be referable to th~ Tertiary may 
be summarized as follows: 

That the underlying Vermejo is of Cretaceous 
age is established by its stratigraphic· position, 
its invertebrate fossils, and espeCially, by its 
plants, which correlate it with the Montana in 
the approximate position· of the Mesaverde 
formation. The Vern1ejo is terminated by an 
unconformity which is correlated with the 
time interval separating the Dawson arkose 
frmn underlying beds, the Arapahoe fron1 the · 
true·Laramie in the Denver Basin, the "Upper 
Lararnie" ·of Veatch from the so-called "Lower 
Larainie," in eastern Wyoming, and I believe it 
to be represented between the Lance forn1ation 
and underlying beds (Fox Hills anci Pierre). 

So far as is at present known only 4 of the 
108 Vermejo species pass over the unconformity 
between the Vermejo and the Raton. This 
distinction is further· emphasized. by the fact 
that of ~he 49 Vermejo genera the 28 following 
do not appear in the Raton: · 

· Rosellinites. 
Halymenites. 
Chondrites. 
Caulerpites. 
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Acrostichum. 
Polysti<'hum. 
Wooclwardia. 
Stenopteris. 
Osm~da. 
Gleichenia~ 

Brachyphyllum. 
Abietites. 
Geiuitzia.. 
Sequoia. 
Widchingtonites. 
'l.'axodium. 
Sparganium. 
Myrica. 
Salix. 
Credneria .. 
Liriodendron. 
Amelanchier. 
Phaseolites. 
·sterculia. 
Pterospermites. 
Cisr;ites. 
Diospyros. 
Fraxinus. 

It is of course true th~t certain of these ge~­
era appear in the Tertiary of other areas, but 
a considerable proportion of them are exclu­
sively Cretaceous. The differences in the floras 
of the two formations are not such as m.ight 
be explained by differences in physic~J condi­
tions, for, as shown in the ec~logic discussion 
,f the two floras, these are practically iden­
"lical. The· conclusion is th<:n·efore reached that 
lihe hiatus between the Vermejo and Raton 
floras can be explained only by the lapse of a 
very long period of time. 

The Raton formation is to be correlated with 
the Wilcox, and probably with the Midway 
formation of the Gulf region, though the latter 
is 1nainly marine, and contains only 10 species 
of plants, 8 of which, however, occur in t~e 
Raton. The Tertiary .age of the Midway and 

47~19°--17----16 

Wilcox formations is not ques~ioned. The Wil­
cox contains a flora of about 330 species, of 
which number only about 80 have outside dis­
tribution. Of the Raton flora of 148 species 
38 are· either identical with or very closely re­
lated to Wilcox species. Most of the species 
held in 'common are the abundant and charac­
teristic forms that occur, some of them ill great 
numbers, in . both areas. There can be no 
doubt, at least in the author's opinion, in cor­
·relating the two horizons. Of the 80 Wilcox 
species having outside distribution about 45 are 
common to the Raton, Denver, or For~ Union, 
and not one is known from 'the Cretaceous 

. anywhere. 
The Tertiary age of the Raton is further at­

. tested by the presence in it of the following 
genera which have not been reported in older 
beds: 

Alismaphyllites. 
Oreodoxites. 
Geonoma. 
Castanea. 
mmus. 
Cercocarpus. 
Leguminosites (fruit). 
Sophora. 
Xanthoxylum. 
EuphorboGarpum. 
Euonymus. 
Berchemia. 
Chionanthus. 
Palmocarpon? . 

On the basis .of the .Plants the Raton forma­
tion .is also correlated with the Arapahoe and 
the Denver formations of the Denver Basin; 
and the latter is now known to be correlated 
with, and in fact to be practically continuouf? 
with, the Dawson arkose. The conclusion is 
reached that all these forn1ations are Tertiary 
(Eocene) in age. 
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THALLOPHYTA. 

FUNGI. 

Family SPHAEREACEAE. 

Rosellinites l~pideus · (Lesquereux) Knowlton. 

Spheria lapidea Lesquereux, U.S. Geol. Survey Terr. Ann. 
Rept., 1872, p. 373, 1873; U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. 34, pl. 1, fig. 3, 
1878. 

Rosellinites lapideus (Lesquereux) Knowlton, U. S. Geol. 
Survey Bull. 152, p. 204, 1898. 

Sphaerites lapideus (Lesquereux) 'Meschinelli, Sylloge fun~ 
gorum fossilium, p. 30, 1892. 

Lesquereux's description is as follows: · 
Perithecea ro}lnd, highly convex, 1-2 ri:rillimeters broad, 

grow:ing in lin.eal series from under the bark and piercing 
it before opening; borders irregularly lacerated;- color 
whitish. 

The type and only known specimen of this 
epecies is pr~served in the. United States N a­
t.ional Museum (No. 3). It is obscure and of 
little value, either geologically or biologically. 

Occurrence: Trinidad sandstone (Cretace­
ous); near Trinidad, Colo., collected· by Leo 
Lesquereux in 1871. · 

ALGAE·. 

Halyrnenites major Lesquereux. 

Halymenites ma,jor Lesquereux, U. S. Geol. Survey Terr. 
Ann.· Rept., 1872, pp. 373, 390, 1873; idem, 1873, 
pp. 379, 384, 386, 1874; idem, 1876, p. 496, 1878; 
U. S. Geol. Survey_ Terr. Rept., vol. 7 (Tertiary 
flora), p. 38, pl. 1, figs. 7, 8, 1878. 

Eldridge, Am. Jour. Sci., 3d ser., vol. _38, p. 317, 1889; 
Stevenson, Geol. Soc. America Bull., vol. 1, p. 532, 
1890. . 

Stanton and Knowlton, Geol. Soc. America Bull., vol. 
8, p. 154, 1897 . 

. _ Knowlton 1 U.S. Geol. Survey Bull. 163, p. 17, 1900. 
Haiymenites minor Fischer-Ostheim. Lesquereux, U.S. 

Geol. Survey Terr. Ann. Rept., 1872, p. 373, 1873; 
idem, 1876, p. 496, 1878; U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. 39, pl. 1, fig. 9, 
1878. 

llalymenites major is 'one of the most abun­
dant and widely distributed fossil organisms 
known in the Rocky Mountain regi?n. It has 

1 The localities of most of the fossil plants described in this paper are 
indicated by means- of the lot catalogue numbers on the map of the 
region (Pl. I). 
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a · cylinP.rical or slightly flattened stem or 
"frond," usually about 2 centimeters in diam­
eter~· and is dichotomously or pinnately _ 
branched or is sometimes divided into shorter 
and smaller branches. In length. the pieces 
observed are diverse, some being only a few 
centimeters long,· others extending over or 
through the matrix for a distance of nearly 
or quite a meter and showing numerous fork­
ings. The· surface is covered with round ele­
vated or half-globulai: tubercles 2 to 5 milli­
meters broad and equally thick. These tuber­
cles are _either distant and sep&rate or crowded 
and connt;Jcted at the borders and are more or 
less irreguiar, even on the same fragmei1t, but . 
are always present._ This roughened or tuber­
culate appearance has given rise to the collo­
quial name ~'fossil corp· cob," by-which they 
are known ·in many places. The cylindrical 
organism itself is easily detached from the 
matrix and when removed leaves behind_ the 
deep, irregular pits or impressions of the 
tubercles, and this is perhaps the commonest 
coi1ditiori under which it is obser.ved or col-
lected. · 

The presence of Halymenites major is held to 
indicate marine conditions, for wherever it is 
found in association with invertebrates they 
are always of marine types. It is· also believed 
to -indicate relatively shallow water and near­
shore conditions. For example, Halymenites 
was 'not present, so far as now recalled, in the 
deep sea during and at the close of the Pierre; 
but during th!3 succeeding Fox Hills epoch, the 
shaly sandstones of which give evidence of. 
littoral conditions,_ it was exceedingly abun­
dant. In fact, it is so abundant and almost 
universal in the Fox Hills that it may almost 
be said to be characteristic of that epoch; yet 
this is not quite true, for it occurs sparingly in 
beds at perhaps the middle of the Colorado 
group, -at ·several horizons in the Montana 
group, and possibly as high as the lower por­
tion of the true ·Laramie formation. This lat­
ter horizon, however, may be referable to the 
extreme upper portion of the Fox Hills sand­
stone,. and not to the Laramie at all. 
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Occurrence: Trinidad sandstone (Cretaceous)-; 
'friniclad, Colo., collected by G. B. Richard­
sol'i (5108); Spring Canyon, Willow Canyon~ 
N.Mex., collected by Orestes St. John in 1902;. 
Vermojo Park, N. Mox., collected by Orestes 
St. John, 1894. Rockvale sandstonet·member 
of Vermejo formation, Rockvale, Colo., col­
lected at various dates._by Washburne, Knowl­
ton, Stanton, and Lee. Near top of coal­
bearing rocks just below the "rin1 rock" near· 
Rockvale, Colo., collected by W. T. Lee. 

Halymenites striatus Lesquereux.' 

Halymenites striatus Lesquereux, U. S. Geol. Survey Terr. 
Ann. H.ept., 1872, p. 373, 1873; idem, 1873, p. 373, 
1874; idem, 1876, p. 496, 1878; .U. S. Geol. Survey 
Terr. H.ept., vol. 7 (Tertiary flora), p. 37, pl. 1, fig. 
6, 1878. 

The type specimens of this species are all 
No. 4 of the United Sta_tes National Museum 
collection. They are· all mere fragments, 
scarcely 3 inches long, and seem inadequate for 
the proper characterization of a species. How­
ever, judging from the original mention of the 
species, Lesquereux must have had much better 
material, for he speaks of their "penetrating 
the sandstone in every direction and in such a 
-way that, as the remains are extremely abun­
dant, it is very difficult to separate them, even 
in small fragmmits." They differ from other 
similar forms in having the stems smooth or 
more or. less regularly striate. No additional 
specimens appear to have been 'obtained. 

Occurrence: Trinidad sandstone (Cretaceous), 
Rn.ton ·Mountn.ins, N. Mex., collected in 1872 
by Leo Lesquereux. 

Chondrites bulbosus Lesquereux. 

Chondrite.~ bulbosus Lesquereu~, U. S. Geol. Survey Terr. 
Ann. Uept., 1872, p. 373', 1873; u.·s. Geol. Sur.vey 
Terr. Uept., vol. 7 (Tertiary flora), p. 42, pl. 1, 
fig. 14, 1878. 

The original description is as foll~ws,: 
Frond flattened irrli)gularly, subpinnately divided in 

opposite or alternate branches, close to each other,· or 
distant., short, inflated, .some of them irregular tuberCles. 

This species was fairly· well described and 
figtu·ed by Lesquereux. It was not noted in 
any of the recent collections from the area. 
The types do not appear to be preserved 111 

the United States National Museum. 

_Occurrence: Trinidad sandstone(Cretaceous); 
near Trinidad, Colo., collected in 1871 by Leo 
Lesquereux. 

Chondrites su~sirnplex Lesquereux. 

Chrondrites subsimplex Lesquereux, U. S. Geol. Survey 
Terr. Ann. Rept., 1872, p. 373, 1873; idem, 187{i, 
p. 497, 1878; U. S. Geol. Survey Terr. Rept., voL 
7 (Tertiary floJ:a), p. 41, pl. 1, fig. 13, 1878. 

Lesquereux's description and accompanyin1~ 
remarks concerriing this species are as follows: 

Frond cylindrical, more or less flattened by ·compres­
sion, with rare, dichotomous, long, flexuose brancheE", 
mostly of the same size in their whole length. 

This species is found- generally flattened, with its ex­
panded, long, ft.exuose branches covering large slabs or 
passing across layers of shaly sandstone. Sometimes the 
filaments or fronds appear simple, linear; * * * rarely 

. they branch by simple forking of the main axis, preserving 
the same Size; some of the divisions, however, gradually 
decrease in ~ize to a round point half as hroa<;l as the main 
stem. The surface is irregularly roughened, especially 
slightly wrinkled along tL.e borders, and the middle iB 
·generally marked by a depression which seems to indl .. 
cate a fistulose character of the stem and its divisions. 

The type specimens of this species are pre­
served in the United States National Museum. 
. (No.6), but no additional examples have been 
positively identified _in recent years. A num­
ber of fragmentary. stemlike bodies that may 
have been referable to this form have been 
observed in th~. lower beds, but none was 
sUfficient for positive determination. 

·Occurrence:-Trinidadsandstone (Cretaceous); 
near Trinidad, Colo., collected in 1871 by Leo 
~esquereux. . -

Caulerpites incrassatus (Les·quereux) Lesquereux. 

Delesseria incrassata Lesquereux, U. S. Geol. Survey Terr. 
Ann. Rept:,'l872, p. 374, 1873; idem, 1873, p. 379, 
1874. 

Caulerpites incrassatus (Lesquereux) Lesquereux, U. S. 
Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), 
p. 40, pl. 1, figs. n, 12, 1878. . 

The type specimens of this species are pre­
served in the United States National Museum 
(Nos. 7, 8), and represent, so far as known, 
the only ones thus far obtained. In view of 
its nature the species has been well character­
ized and illustrated by Lesquereux. 

Occurrence:Trinidad sand~tone(Cretaceous); 
near Trinidad Colo., collected in 1871 by Leo 
Lesquereux. 
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PTERIDOPHYTA. 

Order FILICALES. 

_Family POLYPODIACEAE. 

Acrostichum haddeni Hollick. 

Acrostichum haddeni Hollick, Torreya, vol. 2, p. 146, pl. 4, 
ngs. 3, 4, 5, 6, 1902. 

Hollick describes the species as follows: 
General form of frond unknown; pinnae(?) apparently 

20 centimeters or more in length by about 3 cep.timeters 
fn maximum ·width, narrowed to acute tips and with 

·coarsely crenulate serrate margins; .nervation consi'3ting of 
a serie!'l of alternate pinnately arranged veins, e:.tending. 
from the rachis to the extremities of the serrations, with 
the spaces between occupied· by a network of fine nerves. 

This species is bas~d on four. figured speci­
mens, three of which (figs. 3, 5, and 6) came 
from "grayish sandstone, Walsenburg, Colo.,". 
and the fourth (fig. 4); from -"gray shale, 
Flm::ence, Colo." As this species was not con­
tained in any of the collections recently ob­
tained its exact stratigraphic position ·is un-· 
known and it can not be employed as an hori- · 
zon marker. · 

As set forth under Anemia supercretacea and 
A.~ robusta, it is probable that the specimen 
labeled as having come from Florence, Colo., 
came from the vicinity. ·Qf Rockvale, Colo., 
and the description of the matrix as a (C gray 
shale" suggests the possibility that it is from 
below the top of the Rockvale s'andstone mem­
ber of the Vermejo formation; but obviously 
this position can not be fixed until the species 
is again collected frmn beds of known position. 

·The types of Acrostichum hadd~ni are in the 
paleobotanic museum of theN ew York Botani­
cal Garden. 

Occurrence: V ermejo formation (Cretaceous); 
t' grayish sandstone, Walsenburg, Colo." (figs. 3, 
5, 6); "gray shale, Florence, Colo." (fig. 4); 
exact stratigraphic position unknown. 

Polystichum hillsianum Hollick. 

Polystichum hillsianwn Hollick, Torreya, vol. 2, p. 146, 
pl. 4, fig. 7' 1902. . 

The single specimen on which the present 
species was based is said to have come in reci.-:­
dish shaly sandstone from Florence, Colo., 
though, . as set forth under several of the pre­
ceding species, it seems· probable that the 
locality is the cliff-forming sandstone near 
Rockvale, Colo., which, in places, is shaly and 
reddish in color and is known to be abundantly 

plant bearing. However, this species is not 
contained in any of the ·recent collections fro in 
the region an9. consequently it can not be enl­
ployed in exact stratig~aphic work. The type 
is in the New York Botanical Garden. 

Occurrence: Vermejoformation (Cretaceous); 
"in reddish shale, Florence, Colo."; presum­
ably about 250 feet abo;,.e the Rockvale sand­
stone member of· the V ermejo formation at or 
near Rockvale, Colo. 

Pteris erosa Lesquereux. . 
Pteris e:rosa Lesquereux, U. S. Geol. Survey Terr. Ann 

Rept., 1871, Suppl., p. 12, 1872; U. S. Geol. Sur­
vey Terr. Rept., vol. 7 (Tertiary flora), p. 53, pl. 
4, fig. 8, 1878; idem, voi.· 8 (Cretaceous and Ter­
tiary florM), p: 121, pl. 19, fig. 1, 1883. 

Asplenium e:rosum (Lesquereux) Knowlton, U. S. Geol. 
Survey Bull. 152, p. 45, 1898. 

The type locality of this fine species is given 
as Fishers Peak, Ratop. Mountains, where it 
was first collected by Hayden, in 1867. It 
was subsequently found in the Denver forma­
tion at Golden, Colo., as recorded by Les­
quereux in "The Cretaceous and Tertiary 
floras," and occurs in many of the recent col­
lections from that place.. In a collection from 
a locality supposed to be in the Arapahoe for­
mation (now known to be Dawson arkose), 
near Sedalia, Colo., there was found a fine 
fruiting example, which served as the basis 
for transferring the species to the genus 
Asplenium. Subsequent study of this fruit­
ing specimen, t<?gether with very completely 
preserved sterile material, has led to the con­
clusion that though undoubtedly asplenoid in 
characte:v it is not properly referable to Asple­
nium. It is to be made the basjs of a new 
genus, and a characterization is already in 
writing, but as extensive synonymy and a 
large series of figures will be necessary to make 
the matter clear, the present is not deemed a 
satisfactory place and it has been considered 
under its original name of Pteris erosa. 

This species is one of the very few that 
apparently cross t?-e line from the ·v ermej9 
to the Raton formation. ·The type locality 
was apparently in the Raton formation, but 
notwithstanding the extensive collections that 
have been made in recent years from this for­
mation it is not contained in any of thein. It 
has, however, been found in two of the col­
lections from the Canon ·City field in the Ver:­
mejo formation. Outside the areas under 
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consideration it has been found most abun­
dantly in the Denver formation at Golden, 
Colo. 

Occurrence: Raton forn1ation (rfertiary) 
type, Fishers Peak, Raton :Mountains, Colo., 
collected by F. V. I-Iayden in 1867. Vern1~jo 
formation (Cretaceous), Canon City coal field 
Colo. (sec. 30, T. 19 S., R. 69 W.), collected by 
W. ~e. Lee (5i90); dump of Rockvale 1nine, 
Rockvale, Colo., F. If.· Knowlton, collector. 
Denver formation (Tertiary), Golden, Colo. 

Pteris russellii Newberry. 

Pteris russellii Newberry, U. S. Nat. Mus. Proc., vol. 5, 
p. 503, 1883; U. S. Geol. Survey l\Ion. 35, p. 7, pl. 
61, figs. 1~ .la, 1898. 

The description written by ~ewberry follows: 
Frond large, pinnate; pinnae crowded, line~r in outline, 

narrow, long-pointed above, attached to rachis by entire 
base; decurrent; length 16 to 20 centimeters; width 10 
millimeters; margins undulate ,below, irregularly and 
coarsely toothed above; nervation fine but distinct; 
branches all forked, leaving midrib at ·an angle of about 
45°, all twice or three times forked. 

This species was fLrst described by Newberry 
frmn n1aterial obtained by. I, C. Russell in 
Ver:mejo Canyon, N. ·Mex. The exact position 
of the beds containing it is unlmown according 
to present standards, but frorn the· fact that 
Newberry also 1nentions having the sarpe fossil 
fron1 Walsenburg, Florence, and Golden, Colo., 
it see:rns probable 'that the beds belong to the 
Ver1nejo forrnation. It was not detected in 
any of the recent collections from the region. 

Occurrence: Vermejo for1nation ( ~) (Creta-
. ceous), Ver1nejo Canyon, N. Mex., collected 
by I, C. H. ussell; reported by Newberry. frmn 
Walsenburg, Florence, and Golden, Colo., 
but specimens not seen by me. Raton for­
mation (~). 

Pteris? sp. 

Plate XXX, figmo 3 .. 

In a small collection frmn the lower coal 
group at Cuatro, Colo., there· are several frag­
Jnents of a fern that appears referable· to Pteris 
ItS it is usually defmed in the fossil state. The 
fro.gn1ent figured is thQ largest one ·observed, 
but it is quite i1npossible to for1n any adequate 
idea of its size and cmnplete oqtline. It was 
about 2 centin1eters wide and apparently had 
an entire n1argin. The 1nidvejn is relatively 
thick. The veins are olose, parallel, at a low 
angle, forking. at or .very nen,r the mid vein and 

a few of them beyond the n1iddle. It has 
some resemblance to Pteris erosa Lesquereux 
but is smaller, entire instead of erose-dentate, 
and with the veins at a slightly sl~arper angle 
of divergence. ·· 

Occurrence: Vermejo forn1ation (Creta­
ceous), Cuatro, Colo. 

Asplenium? coloradense Knowlton, n. sp! 

Plate XXX, figures 1, 2. 

Aspleninm magnum Knowlton. Hollick, Torreya, vol. 2, 
p. 146, pl. 4, figs. 1, 2, 1902. 

· Outline and size of frond unknown, but 
probably of large size and apparently twice 
pinnatifid, thick and coriaceous in texture; 
pinnae approximaten), long, n'arrowly lanceo­
late in outline: broadest near or just above 
the base; thence tapering to a long slender 
apex, cut nearly to the rachis into numerous 
triangular falcate sharp-pointed pinnules, those 
at base on one side being larger and· less scythe 
shaped than the others; nervation consisting 
of ·a strong mid vein passing to the apex of the 
pinnules and about eight or nine pairs of veins 
which fork once just above the midvein, and 
terminate in the margin; fruit .unknown. 

This species, which I have ventured to de­
scribe as new, is represented in the recent col­
lections by two excellent specir~l.Cns figured and 
by a number of smaller fragments. Though 
none is of sufficient completeness to indicate 
the full outline and habit the position of the 
.two pinnae shown ·in figure 1 leads one to sus-. 
pect that the frond was large and probably at. 
least twice pinnatifid, ttnd that these were . 
attached to a general rachis. The fact that. 
the basal pinnules on one side· are uniformly 
lon,ger and straighter than any qf the others: 
lends weight to· this supposition, since it is. 
well known that many compound fronds show 
n1ore or less n1arkecl inequality in the basal 
pinnae or pinnules, the upper being usually the. 
larger. 

The finely preserved specin1ens figured by 
I-Iollick, which I now refer to the present spe­
cies, were referred by him to .Asplen1:um ma_q­
num Knowlton, which comes from. breccias of 
Fort Union age in the Yellowstone National 
Park/ As IIollick pointed out, his Colorado 
specimens have the pinn~e more deeply dis­
f:lectecl and the pinnules smnewhat more 

1 Knowlton, l!~. H., Fossil flora [Yellowstone National Park]: U. S. 
Geol. Survey Mop. 32, pt. 2, p. GG7, pl. 79, figs. 5-8, 1899. 
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pointed and falcate than those of A. magnum. 
Asplenium magnum is regarded as having a 
simple frond, for in neither the large number of 

·specimens studied -nor in those figured were 
any found either attached or in any way indi­
cating a compounding. The basal pinnules are 
of approximately the same size and shape on 
either side of the rachis, and moreover in smne 
of the specimens, for example that shown .in 
figure 7., the stipe is preserved for a length 
of nearly ·1 centimeter. The difference in the 
dissection of the pinnae in the two species is 
very marked, A. coloradense being cut nearly 
to tlie rachis and A. magnum rarely below the 
midclle and usually much less. . On the whole, 
considering the above-mentioned differences as· 
well as· the stratigraphic discordance· the t~o 
forms seem sufficiently distinct. · 

The only other An1erioan fossil species with 
which it is. necessary to compare the present 
species is Aspiditttm (now Dryopteris) kennerlyi 
Newberry 1 . from the Cretaceous of N anaimo: 

·Vancouver Island. Although in general ap­
pearance Dryopteris kennerlyi is somewhat 
s.imilar to Asplenium? coloradense, it differs in 
its larger size and longer, less falcate pinnulcs, 
which are obtuse instead of ovate at the apex 
and finely serrate. , 

Occurrence: Vermejo formation (Cretaceous). 
The material described and figured by Hollick 
(under the name of Aspleni·um magnum Knowl­
ton) is said to have come from Florence, Colo., 
figure 1 from "reddish shaly sandstone" -and 
figure 2 from "black carbonaceous shale." A~­
pointed out under the discussion of Anemia 
robusta this :r;naterial is without reasonable 
doubt from Rock~ale, Colo. Recent material 
coll~cted by W. T: Lee is from the clump of 
the Coal Creek 1nine near Rockvale, Colo.; the 
dump of the Rockv_ale mine, Rockvale; Colo. 

· (5793); the roof of the Rockvale mine, which 
communicates with the Coril Creek mine ( 579-1); 
and the dump of the Rockland mine, 3 miles 
southwest of Walsenburg, Colo., about 70 feet 
below the top 9f the Vermejoformation (5677). 

Asplenium sp. 

Plate XXX, figure 4. 

The material from the vicin!ty of Rockvale, 
Colo., contains a single-fragment of a large fern 
of the type of Pteris erosa, but it is too imper-

1 Newberry, J. S., The later extinct floras of North America: U. S. 
Geol. Survey Mon. 35, p. 11, pl. 16, figs. 4, 5, 1899. 
/1 

feet to be positively identified. It is about 3 
·centimeters wide and shows the strong mid­
vein and the numerous strong nerves, which 
fork just above the point of origin. _ 

Occurrence: Vermejo formation (Cretaceous); 
Coal Creek (Rockvale), Colo., collected by 
George Hadden (U. S. Nat. Mus., 51255). 

Woodwardia crenata Knowlton. 

Woodwardia crenata Knowlton, U. S. Geol. Survey Bull. 
163, p. 22, pl. 3, fig. 3, 1!)00. 

This species was described originally from 
the Montana. group at Point of Rocks, Wyo., 
and was not again obtained until 1910; when 
W. T. Lee found a single small fragment be.;. 
tween the lower coal beds near La Veta, Colo. 
This later. specimen ~s even smaller than the 
type and adds nothing to our knowledge of the 
spemes. It was found in association with 
Sequoia obovata, S. ·reichenbachi, and Ficus 
wardii. 

Occurrence: Vermejo formation(Cretaceous); 
Oakdale mine, locality 140,2 near La Veta, 
Colo., between first a~d second coal beds, col­
lected by W. T. Lee (5672). 

Stenopteris (?) cretacea Hollick. 

Steno·pteris (?) cretacea Hollick, Torreya, vol. 2, p. 14S, pl. 
3, fig. 2, 1 !)02. 

The original description is as follows: 

General form of frond unknown hut apparently large 
and strong; each pinna or branch consisting of a broad­
winged rachis, with relatively remote, entire, strap­
shaped pinnules, each of which is traversed by a strong 
mid vein from base to apex; secondary nervation miknown. 

Occurrence:· Vermejo formation (Creta­
ceous); "in reddish shaly sandstone, Florence, 
Colo."; exact- horizon not stated, but without 
doubt it came from the shaly rocks above the 
Rockvale sandstone member of the Vermejo at 
or uear Rockvale, Colo. 

Family OSMUNDACEAE. 

Osmunda hollicki Knowlton, n. sp. 

Plate XXX, figure 6. 

Pecopteris (Cheilanthes) sepulta Newberry (?). Hollick, 
Torreya, vol. 2, p. 147, pl. 3, figs. 5, 5a, 1902. 

Frond small, delicate, outline of whole f1~ond 
unknown _but at least. twice pinnate and prob­
ably deltoid "in shape; main rachis slender; 
pinriae opposite, apparently deltoid or broadly 
ti•iangular in outline; pinnuJes alternate, lance-

2 Locality numbers refer to positions on the map (Pl. I). 
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olate in shape, entirely free at· base, rathei·­
sharp apex, the margins deeply cut at · base 
then undulate and finally nearly entire, the 
lobes :in 'all cases rounded and obtuse; nerva­
tion strong and well marked, consisting of a 
rather strong miclvein and numerous lateral 
veins which are usually twice forked, once near 
the n1idvein and. again about half the distance 
between n1idvein ancln1argin. 

In a paper on a number of fo~sil fer:ns from 
the supposed Ln,ramie form·ation 'of·Colorado, 
published in 1902, I;Iollick described and fig~ 
ured a smnll fern supposed to be. from W al_:_ 
se.nburg, Colo., which he iclen~i:fied .. p~Grvisi~n­
ally with PecopteTis (Oheilanthes) sepulta New­
berry. That species, which came from the 
Green River formation at Green River, Wyo., 
was described by Newberry 1 as ·being pinnate 
and as ha,Ting its lower pinnae attached to the 
rachis by the whole width of the base. As set 
forth in the diagnosis the fern under discussion 
differs from Newberry's species in two impor­
tant characters, for it is at least twice pinnate 
and has the pinnae all free at base. The speci:. 
men figured by I-Iollick did not happen to be 
con1plete enough to show its ~wice pir;mate char­
acter, but the basal pinnules are free as· he 
pointed out. The specimen obtained by ·Lee 
(Pl. XXX, fig. 6) is smalJer than the one figured 
by I-Iollick but otherwise does :t;tot appear to 
differ from 'it essentially. It seems not unlikely 
that 'the upper portion of I-Iollick's specimen, 
which was not obtained, was of about the same 
size as the larger one found by Lee, which is 
clearly from the apical portion of the frond. 

I-Iollick's material was associated with ma­
·ter.ial collected by I-I ad den for Newberry,- but 
its locality label was lost before it came to be. 
studied, and from the resen1blance of the ma­
trix on which it is preserved to the "grayish 
sandstone''· of the collections from W alsen­
burg, Colo., I-Iollick referred it with question to 
this locality. It was not found in any of the 
recent collections from Walsenburg but only in a 
grayish sandstone. fr01n. the dump of the Coal 
Creek n1ine near Rockvale, Colo. It is there­
fore reasonably probable that the Hollick rna:. 
ter.inl ca1ne fron1 Coal Creek, where the.collector, 
George I-Iadden, was the nnne superintendent, 
and not, as surmised, from the .vicinity of 
Walsenburg. 

'Nowborry, J. S., op. clt., p. 12, pl. 62, figs. 5, 5a, 6, 1898. 

Occurrence: Vermejoformation (Cretaceous); 
collected by George Hadden and referred 
by Hollick to W alse:p.burg ( ~),-Colo.; thought 
to be probably from Coal Creek, Colo.; present 
material collected in 1910 by W. T. Lee, 
from the dump of the Coal Creek mine, near 
Rockvale, Colo., hence below ~he Rockvale 
sandstone member of the Vermejo (5793); 
clump of Coal Creek mine, Rockvale, Colo., col­
lected by W. T. Lee (5(91). 

Family G L~ICHENIACEAE. 

Gleichenia delicatula (?) Heer. 

Gleichenia delicatula Heer, Flora fossilis arctica, vol. 3, 
Abt. 2, p. 54, pl. 9, fig. lle; pl. 10, figs. 16, 17, 1874. 

Hollick, Torreya, vol. 2, p. 147, pl. 3, fig. 4, 1902. 

This species was identified with question by 
Hollick as connng from the beds now known to 
be near Rockvale, Colo. It is not contained 
in any of the recently collected material from 
tl;tis region. 

As originally described by Heer it came from 
the Kome beds (N eocomian) of Greenland; and 
as Hollick suggests, this implies ~ very wide 
vertical range for the species, and he did well to , 
question the identification.· Though the frag­
ment certainly does closely resemble the figures 
iiven by Heer it is without nervation, and bet~ 
ter material might show more or le~s .marked. 
differences. -

Occurrence: Vermejo formation (Creta-. 
ceous); "reddish sandstone, Florence, Colo.,"= 

·near Rockvale, Colo.; the reddish sandstone is 
about 250 feet· above the Ro-ckvale sandstone 
member of the Vermejo. 

Gleichenia rhombifolia Hollick. 

Gleichenia rhombifolia Hollick, Torreya, vol. 2, p. 147, pl. 
3, fig. 3, 1902. 

This species, of 'which but a single specimen 
has been described,- occurs, according to its 
author, in ''reddish shaly sandstone, Florence, 
Colo.," but, as indicated under a number of 
other species of ferns from tlns locality, its ex­
act position· is not known, tho_ugh not improb­
ably it may have come from the plant-bearing 

_ sandstone of this character near Rockvale, 
Colo., about 3·miles north of Florence. It was 
not foUJ:id by any of the recent workers in this 
field. The type is preserved in the New York 
Botanical Garden. 

Occurrence: Vermejo formation (Creta­
ceous); "in reddish -shaly sandstone, Florence, 
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Colo."; exact horizon not stated, but with 
little doubt is in the sandstones about 250 feet 
above the Rockvale sandstone member of the 
Vermejo, _Eockvale, Colo., or vicinity. 

Family SCHIZAEACEAE. 

Anemia robusta Hollick. 

Anemia rob'lista Hollick, Torreya, vol. 2, p. 145, pl. 3, fig. 1, 
1902. 

Th~ original description reads as follows: 
General form of frond, also nervation, unknown; pin­

nae (?) linear in outline, about 3 centimeters in width, 
pinnules entire, ovate to subspatulate, with blunt wedge­
shaped tips, about 2.5 centimeters in length by 12 milli-

. meters in width, more or less confluent or decurrent along 
the rachis, each one provided With a weak midvein. 

The type locality of this species is given as 
Florence, Colo., "in grayish sandstone." As 
set forth under the preceding· species, the nla­
terial of which this forms· a. part was collected 
by George Hadden, then superintendent of the 

.Coal Creek mine near Rockvale, Colo., which 
is at least 3 miles from Florence, which latter 

. place. was doubtless only the shipping point. 
: The precise horizon which supplied the type of 

Anemia robusta is unknown, but from the fact, 
ascertained by Lee, that there is . a grayish· 
plant-bearing sandstone in the roof of the Coal 

·Creek mine, it seems reasonably probable that 
the type n1ay have come fro1n this place, where 
it would have been ·likely to have attracted 
Hadden's attention. . Unfortunately it is not. 
contained in any of the recent ~ollections from 
the region and renlains unique. 

Occurrence: Vermejo formation (Cretaceous) ; 
"in grayish sandstone, Florence, Colo."; 
thought probably to be in the grayish ·plant­
bearing sandstone in the roof of the Coal Creek 
mine near Rockvale, Colo. 

Anemia supercretacea Hollick •. 

Plate XXX, figure 5. 

Anemia supercretacea Hollick, Torreya, vol. 2, p. 145, pl. 3, 
figs. 6, 7, 1902. 

The original description is as follows: 
General form of frond, also nervation, unknown; pinnae 

delicate, narrowly conical in outline, g:r;adually tapering 
to the tips; pinnules entire, lower ones spatulate, distinct, 
somewhat decurrent along and forming acute angles with 
·the rachis, upper ones often more pointed or becoming 
copfluent and -forming toothed· or crenulated tips to the 
pinnae. 

This species was described from material col­
lecte.d by Mr. Hadden, ·sometime superintend-

· ent of the Coal Creek niine near Rockvale, Colo., 
and transmitted through R. C. Hills, of Denver, 
Colo., to the late J. S. Newberry. The locality 
is given as Florence, Colo., "in reddish shaly 
sandstone,;' but the exact point at which it was 
obtained is unknown, though it is probable 
that Flore.nce was merely the shipping point 
and that it ca1ne frmn son1ewhere near Rock­
vale, which was the scene of Mr. Hadden's activ­
ities. The only clue to the precise horizon is 
afforded by the matrix, and this would appear 
to place it somewhere within several hundred 
feet of the top of the Rockvale sandstone menl­
ber of the Vermejo formation. Above this 
sandstone are several hundred feet of ~ard, 
shaly, often reddish sandstones, which together 
form rugged cliffs jvst back of the town of 
Rockvale. This sandstone is prolifically plant 
bearing at many points, and so f.ar as n1ay be 
judged from the description of the matrix bear­
ing this Anemia it nught well have come from 
any one of 50 localities within this zone. Ap­
parently the exact point in the beds whence it 
came can never be kno·wn, and the only manner 
in which it can be made of positive stratigraphic 
valu~ is by its identification in beds of known 
position. Fortunately the collections made by 
W. T. Lee contain unmistakable exan1ples of 
this species from the roof of the Coal Creek 
mine, at a horizon about 160 feet below the top 
of the Rockvale sandstone and consequently 
about 200 feet below the beds indicated by the· 
matrix alone. It is not contained in the large 
collections (now in the United States National 
Museum) made from the reddish sandstone by 
Hadden nor in collections made by the wri.ter 
in this general region in 1909. The greatest 
-value, therefore, attaches to the spechnens col­
lected by Mr. Lee, which are of known strati­
graphic position. 

The type specimens ·are in the paleo botanic 
museum of the New. York Botanical Garden. 

In figure 5 is shown a specimen that is re­
ferred with some doubt to. the present species. 
The best preserved of the specimens figured by 
Hollick (fig. 6) has the rachis strong and un­
diminished in .size, but the specimen figured 
here.is undoubtedly the apical portion and has 
the rachis very slender and delicate. The two 
lower pinnules have strongly toothed n1argins, 
which is some indication that the teeth, or the 
cutting, 'i:nay lower down become as prmninent 
as shown in Hollick's figures. There is nothing 
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in the collections, however, that quite connects 
the two, but the presmnption seen1s to· favor 
their belonging to a ·single species. The pres­
ent specin1en came from the san1e locality as 
tlie others collected by W. T. Lee. 

Occurrence: Vern1ejo for1nation(Cretaceous); 
"in reddish shaly sandstone, Florence, Colo.," 
believed to be from the reddish shaly sandstone 
about .250 feet above the top of the Rockvale 
sandstone 1nember of the Vern1ejo, near Rock­
vale, Colo.; additional specilnens collected by 
W. T. Leefr01n dump ofCoalCreeknrine (equiv­
fllent to the roof of the Rockvale coal) near 
Rockvale, Colo·. (5791), and in north wall of 
Rockvale Canyon (sec. 25, T. 19 S., R. 70 W.), 
100 feet below base of the ritu rock (5781). 

SPERMATOPHYTA. 

Order CONIFERALES. 

Family BRACHYPHYLLACEAE .. 

Bracbypbyllum cf. B. macrocarpum Newberry._ 

Plate XXXI, figure 4. 

This is a single. specimen of Brachyphyllum 
from I-Iunts Canyon, Cimarron, N. Mex. It 
consists of a portion of a thick stem or branch 
between 3 nnd 4 centimeters in length and over 
1 centimeter in width, with five lateral branches, 
each bearing a number of thick irregular branch­
lets or ultin1ate divisions. Its matrix is a hard 
coarse-grained sandstone, · and practically all 
trace of tl}e leaves or s~ales ha.s been obliterated. 
So far as can be determined from the size, 
. shape, and general appearance this specimen 
is indistinguishable from what luis usually been 
referred. to Brachyphyllum macrocarpum of 
Newberry 1 from the Raritan formation of New 
Jersey. .It is, for instance, apparently the same 
as what I have described and figured under this 
name 2 from a point near I-Iarper station on 
the Union Pacific Railroad and on the north 
fork of Duttm1 Creek, Laramie Plains, Wyo., 
from beds referred.to the :Mesaverde formation, 
or in any event. to the upper part of the Mon-: 
tana group. Also, it is not greatly' different 
from 13. crassicaule Fontaine, as recently shown 
by Berry 3 from the Lower Cretaceous of Mary­
land and Virginia. Brachyphyllum obesum Heer, 

1 Newberry, J. S., 'L'ho flom of' tho Am hoy clays: U.S. GooL Survey 
Mon. 20, p. 51 (footnote), 1895. . · 
~Knowlton, F. H., Floraoftho Montana formation: U.S. Geol. Survey 

Dull. 103, p. 29, pl. 4, figs. 5, G,.1900. 
s Berry, E. "'., Systematic paleontology of tho Lower Crctacecus 

deposits of Maryltuul: Maryland Goo!. Survey, Lower Cretaceous, p. 
393, pl. G4, figs. 1-G, 1911. · 

from the Albian of Portugal, belongs to t~e 
same group. 

The form under discussion is apparently the 
same as that from t.he Ignacio quadrangle .col­
lected by J. I-I. Gardner, and from near Dulce, 
N.Mex.,. obtained in 1911 by W. T. Lee, both 
from beds which are usually referred to the La!­
amie formation, but which I regard as obviously. 
of M~ntarta age. It is not impossible that 
several species in the Cretaceous have been 
more or less confused, a condition that can only 
be completely elucidated by a series of well­
preserved specimens, and this, it appears, is 
very difficult to procure. · · 

In one of the small collections from Powell 
Arroyo, near Trinidad, Colo .. , there is a single 
very poorly preserved. specimen that quite 
clearly belongs to Brachyphyllum but is· too 
obscure either to figure or describe adequately. 
From the fact that Brachyphyllum macrocar­
pum Newberry has.been found in beds of simi­
lar stratigraphic position south of Durango, 
Colo., it is to be presumed that this is the 
species under consideration, but it is too indis­
tinct to venture· a positive determination. 

Occurrence: Vermejo formation (Cretaceous); 
Hunts Canyon, Cimarron, N. Mex.; col~ected 
by Orestes St. John, 1902; about 100 feet 
above the Trinidad s~ndston~, Powell Arroyo, 
at locality 107, 4 miles n:orthwest of Trinidad, 

. Colo., collected by G. B .. Richa1~dson's party 
(5110). 

.Family PINACEAE: . 

Abietites dubius Lesquereux. 

Abietites d-ubi'Ufl Lesquereux, Am. Jour. Sci., vol. 45, 
p. 207 (nomen nudum), 1868; U. S. Geol. Survey 
Terr. Ann. Rept., 1869, reprint, p. 196, 1873; idem, 
1872, P·. 374, 1873; U. S. Geol. Survey Terr. Rept., 
vol. 7 (Te~tiary flora), p. 81, pl. 7, figs. 19-24, 1878. 

Remains· of this species were first obtained 
in 18.67 by Le Conte 4 in the Raton Pass, about 
1! miles from Trinidad. They came from be­
tween two coal beds ..in a ''stratum of gray 
clayey rock containing leaves and stems badly 
preserved," which seems to place them. rather 
definitely· in the Vermejo formation. 

Abietites dubius was named by Lesquereux 5 

in 1868, and was first really described in i872 
from material obtained by Lesquereu..-x: h?nself 

• Lo C:mto, J. L., Notes on the go:>logy of tho survey for tho exten­
sion of tho Union Pacific Railway,E. D., Com S:noky Hill River, Kavs.: 
to tho Rio Grande, Philadelphia, p. 19, 18GS. 

5 Hayden, F. H., Notes en the lignite,doposits ofthe West: Am. Jour. 
Sci., 2d sor., vol. 4~, p. 207, 18GS. 
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the previo:us year at a locality which he thought 
w·as "probably at the same place where Dr. Le 
Conte obtained his specimens." He does not 
clearly mention just what he found a~sociated. 
with. these specimens, exoept fragmentary 
rna terial which he referred to Phragmites 
oeningensis, but apparently they are' associated 
with dicotyledons· that are known only from 
'the upper beds. _? 

· This- species was figured for the first time in 
1878, in "The Tertiary flora"; these specimens 
are preserved in the United States National 

. Museum (Nos. 65-68, 77), and they undoubtedly . 

Oakdale mine at locality 140, northwest of La 
Veta, Colo. (5672); -Rockland mine, about 3 
miles southwest of Walsenburg, Colo. (5677); 
roof of old mine at locality 108, 2 miles west 
of Bowen, Colo. (5694); d:ump of Starkville 
mine, Starkville, Colo. (5707); 1 mile east of 
Kohler, N.Mex., at loeality 31 (5811); C~nyon 
City coal field (sec. 18, T. 19 S., R. 69 W.) frorp 
base of "rim rock" (5779); Ponil Canyon, 
N. Mex., 1 mile west. of locality 111 near top 
of Vermejo formation (5829). · 

Sequoia obovata Knowlton, n. sp • 

came from -the Raton :Mesa field, though some- PI~te XXX, figure 7 .. 

times erroneously· recorded 1 as having come Sequoia brevifolia Heer. Lesquereux, U. S. Geol. and 
from ''Spring Canyon, near Fort Ellis, Mont." ·Geog. Survey Terr .. Bull., vol. 1, 1875, p. 365, 1876; 
- On looking again at the type specimens I U. S. Geol. and Geog. Survey Terr. Ann. Rept. 
find preserved on one of them (No .. 65) a dicoty- 1874, p. 298, 1876; idem, 1876, p. 500, 1878; U. S. 

Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), ledonous leaf that apparently belongs to Ficus p. 78, pl. 61, figs. 25-27, 1878. 
J!raetrinervis (p. 263), whioh is another argument Knowlton, U. S. Geol. Survey Bull. 163, p. 27, pl. 4, 
for presuming that they came from the. lower figs. 1-4, 1900; U~- S. Geol. Survey Prof. Paper 98, 
instead of the upper beds. The only speci- p. 333, 1916. 

mens, and these poorly preserved, in th~ recent Branchlets alternate or opposite on the 
collections, are. from Powell Arroyo, 4 miles branches, slender and delicate, producing a 
northwest of Trinidad, in the Vermejo for'ma- flat ''spray"; leaves of two forms, those on 
tion. ·These agree satisfactorily ~ith the type the branches when young ·being small, scale 
specin:wns· and- must be considered as identical. form, appressed, abruptly pointed, while the 

Some years ago I proposed 2 to divide this regular foliage leaves are close, distichous, 
species, retaining figures 19, 23, and 24, Plate short, linear-oblong or slightly obovate, usu-

. VII, of "The Tertiary flora," under Abietites ally enlarged in the ~ddle, abruptly narrowed 
·aubius and referring the others (20, 21, 21a) to an obtusely pointed apex, or rarely obtuse, 
to Sequoia reichenbachi; b.ut since that time,· narrowed below, gradmtlly decreasing in length 
having had a wide experience with. the latter toward the top and base of t)le branchlets. · 
species, I am inclined to doubt the validity of This fine species, to which I have v~ntured 
such a transfer. · They are all now included to give a new name, has long been ,.known in 
under Abietites dubius. Sequoia reichenbachi this country under the name Sequoia brevijolia 
has the leaves short, at a low angle, thick at Heer. It was described by Heer from th~ so­
base, much arched upward and acute at the called Miocene of Atanekerdluk, North Green­
apex, and in Abietites dubius t]:le leaves are iand, and was- subsequently detected by him 
much larger, at an acute angle, thin and in collections of the same age from Spitz­
pointed, but not arched upward. bergen and the Baltic. I-Ieer rightly states 

Sequoia reichenbachi (Geinitz) Heer. 

Araucarites reichenbachi Geinitz, Charakteristik der Schich­
ten und Petrefacten des sachsisch-bohmischen 
Kreidegebirges, Heft 3, p. 98, pl. 24, fig. 4, 1842. 

Sequoia reichenbachi (Geinitz) Heer, Flora fossilis arctica, 
voL 1, p. 83, pl. 43, figs. 1d, 2b, 5a, 1868. 

Occurrence: Vermejo formation (Cretaceous); 
collected by W. T. Lee-Radiant, Colorado 1 
(5785); between. first and second coal beds, 

· I U.S. Nat. Mus. Bull. 53, pt. 2, p. 87, 1907. 
2 U.S. Geol. Survey Bull. 152, 'p. 24, 1898. 

that hisS. brevifolia appears to be n1ost closely 
related to S. langsdorjii, ·of which he was at 
first' inclined to regard it ~s merely a variety 
(~nd to which Schenk3 would still refer it), but 
he finally .concluded that it differed uniformly 
by its-much shorter, more wedge-shaped leaves. 

It must be confessed that it is not easy to 
draw a satisfactory line ·between the Ameri­
ca:q. specimens and Heer's. In the absence 
of actual specimens of S. brevifolia for com-

a Zittel, K. A. von, Handbuch der Palaeontologie, Abt. 2, p. 298,1890. 
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parison dependence must be. placed entirely 
. on lleer's · figures. On carefully comparing 
these with the American n1aterial it appears 
that the Greenland fonn .has the leaves more 
scattered, n1ore obtuse, and little if any en­
larged in the 1niddle. In view of these facts, 
and in view of the n1arked difference in geo­
logic position, it would semn in1probable that 
the Greenland and An1er!can specimens are 
identical, and the latter have· consequently 
been given a new name. 

Sequoia obovata is very closely related, indeed 
possibly identical, with S. cuneata Newberry 1 

from the Upper Cretaceous of Nanaimo,· Van­
couver Island. The latter is based on frag­
ments of ~ranchlets only, and hence the gen-­
eral disposition of the branchlets as well as the 
character of the leaves on the branches, if 
any, can not be asc~rtained and compared. 
The shape of the leaves in the two ·forms is 
very silnilar, tl;lough in s. cuneata they are 
larger than in the one under consideration. 

The A1nerican species is also silnilar to cer­
tain of the forms referred to the well-known· 
Cretaceous species S. heterophylla J. 

2 in fact, it. 
appears beyond reasonable question that there 
are a nmnber of species of Sequoia that await 
full collections for cmnparison before their 
status can be regarded as fLxed. 

The species now to be known · as Sequoia 
obovctta was ·:first detected by Lesquereux in 
the Montana group at Point of Rocks; Wyo. 
It was also found at this place by Ward in 1882 
and was subsequently obtained by the writer· 
in the sa:me region. The only other place at 
which it had previously been found was in the 
adjacent"l~ock Springs area, where it occurs in 
beds of the san1e age as at Point of Rocks. Its 

· discovery at nmnerous localities in the Raton 
~1esa region is of interest ·and tends to prove 
the identity of the age of the Raton ~1esa 
region and the Wymning localities. 

Occurrence: Vern1ejofonnation (Cret~ceous); 
collected by W. T. Lee-between first and sec­
ond coal beds at Oakdale n1ine, locality 140, 
northwest of La Veta, Colo. (5672); dump of 
~1cAinlly 1nine, W nlsenburg, Colo. (5676); 
dump of No. 6 1nine, Forbes, Colo. (5691); 
dmnp of Starkville n1ine, Starkville, Colo. 

1 Ncwbcny, J. S., 'J'hc later extinct floras of North America: U. S. 
Clcol. Survey Mon. 35, p. 18, pl. 14, figs. 3-4a, 1898. 

2 Vclcnovsky, J ., Clymnospcrmcn dcr bi:ihmischcn Krcideformation, 
pl. 13, fig. 2, 1885. . 

(5707); dump of Mo'rley mine, :Morley, .Colo . 
(5709); Custro, in Tercio Park, Colo. (5805); 
Vermejo Park, N. Mex., locality 123 (5810); 
Dawson, N~ Mex., locality 24, ·36 feet above 
Trinidad saD:dstone (5153); Ponil Canyon, ·N. 
Mex., 1 inile west of _locality 11, near top of 
Vermejo for~a~ion (5829). Col~ected by George 
Hadden: Coal. Creek (Rockvale), Colo. (51260, 
51234, 61261). 

Geinitzia formosa Heer. 

Plate XXXI, figures 1-3. 

Geinitzia formosa Heer,· Neue Denkschr. allg. schweiz. 
GeselL, Band 24 (Beitriige zur Kreideflora von 
Quedlinburg), p. 6, pl. ] ' fig. n; pl. 2, 1871. 

Newberry, Flora of the Amboy clays: U. S. Geol. Sur-
. vey Mon. 26, p: 51, pl. 9, fig. 0, 1895 [1896]. . 
Knowlton, U. S. Geol. Survey Bull. 163, p. 28, pl. 5, 

figs. 1, 2, 1900; U. S. Geol. Survey Prof. Paper 98, 
p.~33, pl. 85,fig~3, 1916. 

Although· this species has be~n found at 
many widespread localities in the ~1ontana 

. group, it has been detected only near w·alsen­
burg, Colo., ·within the area under- considera­
tion in this report. Fortunately the n1aterial 
at this locality was ample, and, as may be seen 

. from the three figures given, is exceptionally· 
well preserved. · 

Many isolated or individual br~nchlets of 
. this species are distinguished with difficulty 
from those of Sequoia reichenbachi (Geinitz) 
H~er, and quite probably some specin1ens of it 
have been erroneously recorded by that name. 
In ~~neral, S. reichenbachi n1ay be distinguished 
by Its n1ore slender branchlet.s with leaves that 
are decurrent, rigid, strongly incurved, and 
acu1ninate at apex, ·w~ereas Geinitzia formosa 
has thicke1~ .~ranchlets, with decurrent, arched; 
not very ng1d leaves, and \\f.ith sn1aller inter:­
Jnediate scalelike leaves. When the leaves of 
fl. formosa have fallen the scars or bolsters are 
almost regularly quadrangular. The cpnes of 
the tw? species of course differ markedly and 
are easily separ11ted when sufficiently well pre­
served to be made out with reasonable cer­
tainty. 

Occurr-ence: Vermejo formation (Creta~eous) · 
3 n1iles south of Walsenburg, Colo., 130 fe~t 
above the base of the Vern1ejo and 50 feet 
below the basal conglomerate of the Raton 
formation, collected by J. I-I. Gardner (for G. 
B. Richardson) (5131). Montana group (Cre­
taceous); Harper station on Union Pacific Rail­
road, Laran1i~ Plains, "'lVyo. 
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Widdringtonia? complan~ta Lesquereux. I Cupressinoxylon. coloradense Knowlton, n. sp. 

Plate XXXII, figures 4, 5. Plate XXXIII, figures 1-4; Plate XXXIV, figure 1; Plate 

Widdringtonia? complanata Lesquereux, U. S. GeoL and XXXV, figures 1-6 . 

. Geog. Survey Terr. Bull., 1S75, vol. 1, p. 336, 1876; Transverse section: Growth rings of different 
U. S. Geol. and Geog: Survey Terr. Ann. Rept., widths but on the whole rather narrow, about 
1874, p. 299, 1876; idem, ·1876, p. 499, 1878; U. S. 
Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), sixteen beinginaradialextentof25millimeters. 
p. ·n, pl. 62, figs. 13, 14, 1878. · · .Tracheids in regular, radial rows, usually very 

Knowlton, Flora of the Montana !ormation: U. S. even in size, twenty to thirty in eacl_1 row, n1ainly 
Geol. Survey Bull. 163, p. 30, 1900. rect~ngular in shape. The thickened wood of 

The status of this species, including a .discus- the ring ip.volves usually three or four cells, 
sion as to its probable or possible affinities up never-or very rarely-more than six. Resin 
to ·the present time, ha.s been fully set forth by passages absent; resin cells fairly abundant, 
me. The prese:p.t specimens, two fragments sc~ttered irregularly throughout the summer 
collected 3 miles south of Walsenb~rg, Colo., wood, usually smaller than the cells of the 
are believed to be the second occurrence of the summer wood. Radial section: Ray cells of one 
species that has been recognized. They are kind only, short, covering one to three tracheids, 
not very well preserved, and the individual straight; upper and lower walls thin, appar­
leaves are made out with difficulty, though in ently not pitt~d; terminal walls thin, usually 
strong light they are plainly visible. Obvi- oblique, not pitted; lateral walls obscure but 
ously they add nothing to existing knowledge apparently with occasional large oval pits, 
as to their systematic position. about two per tracheid. Bord~red pits usually 

Occurrence~ Ver-mejo formation (Cretaceous); in a single row, occasionally in two rows, the 
3 miles south of Walsenburg, Colo., 130 feet central pore large. Resin cells fairly numer­
~bove the base of the Vermejo and 50 feet otis, short, thick walled, central mass black car­
below the basal conglomerate of the 'Raton bonaceous. Ta~gential section: Rays numer­
formation, collected by J. I-I. Gardner (for G. ous, in a single series of one to as many as 
B. Richardson). (5131), found with G.einitzia twenty, average perhaps six to ten. Resin cells 
formosa and Ficus praetrinervis. as in the radial section. 

· The fossil wood here described is based on 
sections cut from small pieces brok~n from large 
trunks.or fragments of trunks that are abundant 
in certain locall.ties. In son1e places of similar 
age but outside the present area these aggrega­
tions of trunks may reach the dignity of so­
called fossil forests. As these woods when n1acle 
available b.y study may prove valuable as close· 
stratigraphic marks, the several species, where 
sufficiently \Veil preserved for adequate inves­
tigation, are presented with the other plant 
remains. Through lack of time the specimens 
have not been studied exhaustively from the 
biologic standpoint but are figured and so far 
described as to make the wood available for 
stratigraphic purposes. 

Taxodium? sp. 

Plate XXXII, figures 1, 2. 

In one of the collections from Vermejo Park, 
N.Mex., there ar(j severa.l fragments of a conifer 
that appears to belong to the genus Taxodiuni. 

. This 1naterial is so poorly preserved that under 
ordinary circumstances it would hardly merit 
mention n1uch less figuring, but conifers are so 
very rare in these beds that the present speci­
mens ~re presented to call attention to their 
existence. The branchlets evidently formed a 
:(lat spray with the numerous linear, acute, one­
nerved) apparently short petioled leaves dis­
posed alternately along the slender branchlets. 
The details of the insertion of the leaves al:!d 
their configuration at base are obscure. It is 
hoped that this n1ay be sufficient to attract the 
attention of subsequent workers in this field. 

Occurrence: Vermejo formation (Cretaceous); 
locality 124, Spring Canyon, .·Vermejo Park, 
N.Mex., collected by W. T. Lee (5240) .. 

The present species, 'which is based on ma­
terial from the Canon City and Trinidad fields, 
belongs clearly to the genus Oupressinoxylon. 
It is, for instance, quite similar to Oupres­
sinoxylon elongatum Knowlton 1 fron1 the Fort 

1 U.S. Nat. Mus. Proc., vol. 11, p. 7, pl. 3, figs. 1-4, 1888. 
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Union formation of Montana, which, however, 
hn.s a greater number of cells involved in the 
fn.ll wood and in almost all specimens has two 
rows of bordered pits on the rachial walls of th~ 
summer tracheicls. 

Occurrence: Vermejo formation (Cretaceous) 
(Pl. JL~XIII, figs. 1-3; Pl. .XXXV, figs. 1-3, 
5); south of Trinidad, Colo. (sec. 25; T. 38 S., 
R. 64 W.), collected by W. T. Lee (5706); 
(Pl. L~III, fig. 4; Pl. XXXIV, fig. '1; Pl. 
L~~V, fig. 4), Newland Creek, Canon City 
field, Colo. (sec. 19, T. 20 S., R. 69 W.), col-
1ected by W. T. Lee (5784). 

Cuprcssinoxylon? vermejoense Knowl~on, n. sp .. 

Plate XXXIV, figures 2, 3; Plate XXXV, figure 7. 

Transverse se.ction: Growth ring absent, at 
'least none appears in a radial extent of over 
25 millitneters. Tracheicls sn1all, thin walled, 
approximately square, and of nearly the same 
:size throughout. Resin passages arid resin 
cells apparently both absent. Radial section: 
The elernents as seen in this view are exceed­
ingly obscure, owing to distortion during or 
aft01: fossilization. The ray cells are ap­
. parently thin walled and very long, but the 
·n1arkings, if ever present, are not t<;> be ascer­
tained. 'fhe bordered pits on the walls of 
the sun1n1er tracheids can not be n1ade out. 
'Tangential section: R'ays nun1eromi, in a 
·single series of one to seven, usually three 
·or two. 

'fhis 1naterial is so poorly preserved that 
·many of the essential characters can not be 
·made out, and figuring would not have been 
.att01npted did not the characters that can be 
·observed differ so n1arkedly fro1n those of 
OuJJressi'(boxyZon coloradense. The annual ring 
appears to be entirely absent, and the tnedul­
lu.ry rays are never DlOre than seven ·and are 
usually only three or four cells high. It is 
probable that. frmn these characters alone it .. 
·could be distinguished in future. In the 
absen~o of exact information regarding certain 
·essential particulars it is impossible to enter 
-into a c01nparison with other. named species. 
It is quite probable that it 111ay be found not 
to belong to Ou1Jressinoxylon. 

Occurrence: Vermejo formation (Cretaceous) 
(Pl. L~~IV, figs. 2, .3; Pl. XXXV, fig. 7); 
·Canon City field, Colo. (sec. 30, T. 19 S., R. 
~9 · W.), collected by W. ,-r. Lee (5790). 

ANGIOSPERMAE. 

MONOCOTYLEDONAE. 

Order PANDANALES. 

Family TYPHACEAE. 

Sparganium? sp·. 

Plate XXXII, figure 6. 

In the small collection fron1 the Occidental 
nrine, near La Veta, Colo., is the little specimen 
here figured. I~ is asmail capitulun1 about 7. 
or 8 nri.lli1neters in diameter, borne by a slender 
peduncle or stalk 15 n1illin1eters in length. It 
is not sufficiently well preserved. to permit 
tnaking out its full structure, but so far as, can_ 
be noted it appears to be referable to the genus 
Sparganium. It also somewhat resembles 
Lig_uidambar, but on the whole seems best 
referred as above. There are no foliar organs 
in the collection with it that could be referred 
to either genus. 

Occurrence: Vern1ejo formation (Cretaceous); 
roof of upper coal bed, Occidental mine local-
. ' 1ty 141, near La Veta, Colo., collected by W. T. 
Lee (5673). · · 

Family PALMACEAE. 

Sab~l montana Knowlton, n. sp • 

Plate XXXII, figure 3. . 
Sabalites grayanus (Lesquereux) Lesquere.ux, U. S. Geol.-

. Survey Terr. Rept., voL 7 (Tertiary flora), p. 112, 
. pl. 12, fig. 1 (not pl. 12, fig. 2), 1878. 

Sabal montana ~nowlton, U. S. Geol. Survey Prof. 
Paper 98, p. 335, pl. 85, fig. 2, 1916. 

Leaves of very large_ size,- perhaps the largest · 
in the area, paln1ate, with approximately ninety 
rays or folds; petiole· unarn1ed; apparently 
rounded on both surfaces, 5 or 6 centitneters 
broad, prolonged at apex into a relatively · 
short triangular point not· n1ore than 10 or 
15 centin1eters long~ in many specimens· only 
8 centin1eters. · · 

Tlris species is still veryi~:nperfectly known, 
but its immense petiole (fully 6 centimeters 
broad) and the great breadths. of its folds (4 
centimeters or 1nore) mark it as probably the 
~argest land species known fron1_ the i·egion or 
Indeed fron1 anywhere in the Rocky :Mountain 
area. 

Tlris species is based jointly on specimens 
fron1 the Colorado area obtained by Lee and 
figured on Plate ~\::II, :figw·e 3, and the larae 
specimen.fr01n the Montana group at Point ~f 
Rocks, Wyo., described by LesJJ.uereux 1 under 

1 U. S Gcol. Survey Terr. Rept., vol. 7 (Tertiary flora), p. 112, pl. 12, 
fig. 1, lSZS. 
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the name of Sabalites grayanus (No. l08, U.S. 
Nat. Mus~. ·coli). As shown in the discussion 

· under Sabal? ungeri (p. 289) it seems impossible 
that this Point of Rocks specimen should be 
the same as the . ·original form- which was 
described 1 from the "Eo-lignitic" of Missis­
sippi .. The former is not only three times the . 
size of- the type but differs markedly in the 
shape and character. of the ~pex of the petiole. 
In 1896 I obtained from Point of Rocks a fine 
specimen, which is 'hardly to be distingui$hed 
from that from the same locality figured by 
Lesquereux. It is even larger than Lesque­
reux's specimen but hardly adds to our knowl­
edge, as it simply exhibits a little more of the 
blade of the leaf. 

Occurr((nce: Vermejo formation (Cretaceous; 
collected by W. T. Lee; Canon City field, 
dump of · coal mine near Rockvale, Colo:, 
.type (5791); 1 mile south of Rockvale, Colo. 
(5789); sec. 18, T. 19 S., R. 69 W., Canon City 
field, Colo. (5778); sec. 18, T. 19 S., R. 69 W., 
Canon City field, Colo. (5780); 1 mile south. of 
Rockvale, Colo. (5788); top of cliff west of 
Florence, Colo.~ (5812); dump of Starkville 
mine, Colo., at base of Vermejo. formation 
(5707); dump of Coal Creek mine,· Rockvale, 
Colo. (57'91); Forbes, Colo., roof of second bed 
of coal in south wall of North Fork of Purg.a:­
toire River, locality 136, Colorado (5800); Ver­
mejo Park, N. Mex., locality 123 (5810). Also 
found in the Montana group at Point of .Rocks, 
Wyo. · 

Sabal? ungeri (Lesquereux) Knowlton, n. comb. 

This species .is mainly found in the Raton 
formation, the present specimens being ·the 
only ones that have with certainty been found 
in the Vermejo formation.. For synonymy and 
full discussion see page 289. 

Occurrence: Vermejoformation (Cretaceous); 
Ponil Canyon, N. Mex., 1 mile west of local..: 
ity 11, near top of Vermejo formation;collected 
by W. ~· Lee (5829). Raton formation (Ter­
tiary). (Seep. 290.) 

Order SCITAMINALES. 

Family CANNACEAE. . 

Canna? magnifolia. Knowlton, n. sp. 

Plate XXXVI, figure 3 .. 

Leaf of large size and firm texture, appar­
ently broadly lanceolate with an acute apex; 

1 Am. P~ilos. Soc. Trans., vol. 13, p. 412, pl. 14, figs. 4-6, 1869. 

margin entire; midrib very strong, about I. 
·centimeter thick, not greatly reduced at apex;: 
nerves arising from the midrib at a very acute· 
angle, close, parallel, unforked, ending in the 
margin; cross veinlets numerous, close, par-· 
allel, and at right angles to the veins .. 

This. splendid leaf, which unfortunately is. · 
represented by -fragments only, was of great. 
size, being probably· no.t much if any under· 
50 centiineters in length and 16 to 20 centi-· 
meters in width. The .configuration of its base 
and of_ its extreme tip are both· somewhat-con-­
jectural,. though in the. specimen figured the, 
upper portion is narrowing· as if to produce an. 
acute termination, and in a fragment from 
Rockvale, Colo., the base appears to be wedge..:. 
shaped. The midrib was very strong, being· 
in some of the fragments fully 1 centimeter in 
thickness .. The numerous close, parallel, un-· 
forked veins rise from the midrib at an angle, 
of about 70° and run straight up to the margin .. 
These veins are nearly equal in size, though. 
here and there one i~ slightly stronger than the, 
others; there seems to be no regularity as to­
the number of the intermediate veins. The 
close, parallel cross veins are nearly as strong as. 
the main veins and produce a checkered app.ear­
anoe, even to the naked eye, though the figure, · 
does not adequately bi:ing out this feature. 

The only described .species -with which this. 
may be compared is Musophyllum complica-· 
tum Lesquereux,!! froJU Green River station,. 
·wyo., but that it is even congeneric with it is. 
doubtful. The two forms differ· markedly. 
In Lesquereux's species the veins, which are­
nearly at .right angles with the midrib, are, 
thinner, at least where they reaoh the margin,. 
and are more or less forking, especially near­
the margin, but the cross veins, which are so· 
conspicuo~s in Canna? magnifolia, are entirely· 
absent in Musophyllum complicatum. . 

There is a single specimen, even more frag-· 
mentary than the· type material, from the· 
Rockvale mine at Rockvale, Colo., that agrees: 
in every particular with the Walsenburg·ma~e-· 
rial. It is evidently from the part near the base, 
of the lea£ and. shows a portion of the margin 
that indicates that the base would be wedge--
~~~.- ·. 

Occurrence: Vermejoformation (Cretaceous);: 
collected by W. T. Lee-type, dump of Rock-· 

2 Lesquereux, Leo, The Tertiary flora: U .. S. Geol. Suryey Terr. Rapt.,. 
vol. i, p. 96, pl. 15, figs. 1-(), 1878. 
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land mine, locality 120, from about 170 feet ·vale), Colo., made by George Hadden for R. D. 
belo-w the top of the Vermejo formation, 3 Lacoe, now the property of the United States 
miles southwest of Walsenburg, Colo. (5677); National Mus~um. The description with slight 
roof mate~·ial of Rockvale mine, Rockvale, modification is Lesquereux's, as is also the name 
Colo., in the Canon City field ,(5793). given it. The type specimen, which lacks the 

Canna? sp. 

A single· fragment in the material from the 
roof of the coal mirie at. Rockvale, Colo., may 
be referred provisionally to the genus Canna:, 
thougl~itisveryunlike Canna? magnifolia. The 
fragment,. probably from near the middle of 
the leaf, is- a.bout 12 centimeters in length 
and about 9 oentimeters in width. It has the 
same thick midrib and apparently entire mar­
gill of the other but 'differs from it in having the­
veins arise at a slightly lower angle and with­
out cross veinlets. Its nervation is very 
obscure, however, and it may be· that it is 
identical with C. magnifolia,· but in the absence 
of proof it seems best to retain them .apar_t, at 
least for the present. It is too poor to be sat-
isfactorily figured~ · 

Occurrence: .Vermejo formation: (Cretaceous); 
dump of Coal Creek mine, Rockvale, Colo., col­

. lected by W. T. Lee (5791). 

Subclass DICOTYLEDONAE. 

Order JUGLANDALES. 

Family JUGLANDACEAE. 

Ju~lans coloradensis Lesquereux (MS.), n. sp. 

upper portion, is about 9 centimeters in length 
when perfect and 3.5 centimeters in width near 
tqe middle. It h~s a rather abruptly narrowed 
b~se and apparently a rather obtuse apex. It 
"ras also somewhat unequal-sided. The nerva­
tion is very strongly and deeply impressed, 
consisting as stated of the thick midrib and 
about nine pairs of mainly alternate seconda­
ries. The nervilles. are especially strong. 

This species is compared by Lesquereu.x 
with Juglans ventricosa Brongniart,. as figured 
by Ludwig, 1 and it also suggests certain ot the 
leaves referred to Juglans rugosa Lesquereux ~,2 . 
especially by its strongly impressed nervation. 

Occurrence: Vermejo formation (Cretaceous); 
C.oal Creek (Rockvale), Colo., collected by 
George Hadden. 

Juglans simili~ Knowlton, n. sp. 

Plate ~XXVI, figure 2 .. 

Leaflet membranaceous in texture, ovate­
lanceolate iil outline, abruptly wedge-shaped at 
base, prolonged .above into an ac:uminate apex; 
margin entire; midrib thin, straight~ seconda­
ries ten or twelve pairs, thin, alternate, slightly 
curved upw~rd, camptodrome, ·and clirving 
just· Within the border to join the one next 

Plate XXXVI, figure 1. above'; finer nervation obsolete. 
r_I'his fu1e little speCies is well represented by 

Leaflet large, coriaceous in texture, lance- the example figured. This is narrowly ovate­
olate, gradually narrowed from the middle to lanceolate in shape, being about 7.5 centi­
the sli"ghtly unequal-sided base, alternate but meters in length and 3'.25 centimeters in width 
not decm·ring in joining the petiolule; midrib in the middle. The nervation is well shown in 
very strong, straight; secondaries strong, the figure. · 
~umerous-about 9 pairs-irregular, mainly . Thjs species is of the type of certain of the 
alternate, at an acute angle of divergence, fol- ·leaflets often referred to Juglans rugosa Le~­
lowing the borders in marginal loops or anas- quereux, but differs from it in having a· more 
tomosing with the one next above; nervilles narrowly lanceolate shape, larger acuminate 
v-ery distinct, transverse, cut ·in . the middle apex, and thinner nervation at a slightly more· 
or continuous; areolae square or polygo~al. acute angle of divergence. . 
Type, United States National Museum (No. Occurrence: Vermejo formation (Cretaceous); 
34469). Coal Creek (Rockvale), Colo., collected by 

This species was indicated by Lesqp.ereux as· George Hadden (U. S. Nat. Mus., 51332). 
new in the manuscript ·list accompanying the 
collect-ion of plants from Coal Creek (near Rock:- I Palaeontograpbica, vol. 4, p. 139, pl. 57, figs. 3, 3a, 5; pl. 58, 1861. 

2 Lesqueraux, Leo, op. cit., p. 286, pl. '55, fig. 5, etc., 1878. · 



256 GBOLOGY AND PALEONTOLOGY OF RATON MESA IN COLO.-N. MEX. 

Order .MYRICALES. 

Family MYRICACEAE. 

Myrica torreyi Lesquereux. 

Plate XXXVII, figures 2-4 .. 

Myrica torreyi Lesquereux, U. S. Geol. Survey Terr. Ann. 
Rept., 1872, p. 392, 1873; U. S. Geol. and ·Geog. 
Survey Terr. Ann. Rept., 1873, p. 399, 1874; idem, 
1876, p. 503, 1878; U.S. Geol. Survey Terr. Rept., 
vol. 7 (Tertiary flora), p. 129, pl. 46, figs. 3-10, 1878. 

Ki:towlton, Flora of the Montana formation: U~ S. 
Geol. Survey Bull. 163; p. 34, pl. 6, figs. 1-3, 1900; 
U. S. Geol. Survey Prof. Paper 98, p. 336, pl. 86, 
fig. 1, 1916. . . 

The type locality of. this species is given as 
Black Buttes, Wyo., though it was not observed 
in an exhaustive collection made at this 
loc~lity in 1909 by A. C. Peale and "the writer. 
All but tw~ of the type ·specimens are pre­
served in the United States National Museum 
(Nos. 138-:-142) .. This species was well de­
scribed and figured by Lesquereux, and none 

·of the material since obtained adds materially 
to knowledge· qf it. 

Since the original finding at Black Buttes 
this species has been reported at several addi­
tional localities, all in lower· beds. Thus W ~rd 
found it 1 at Point of Rocks, Wyo., in strata 
now known to be of Montana age. These spec­
imens were illustrated in my "Flora of the l\1on­
tanaformation," and though the leaves shown in.' 
figures 1 and 2 of that report probably belong to 
the species, that shown in figure 3 is somewhat 
doubtful; its margin is similar to that of c~rtain 
of the type specimens, but it appears to lack 
the intramarginal- vein; it .is not well preserved 
and had perhaps best be separated. What was 
apparently this species was found by Knowlton, 
Stanton, and Knight in :the Montana group at 
Dunn's ranch, 30 miles north of Laramie, Wyo., 
and at Harper station, on the Union Pacific 
Railroad about 6 miles west of Laramie. It has 
also been detected in beds of Laramie age at 
Crow Creek, Colo. It has also been noted near 
Newcastle, Meeker, and Rio Blanco and in the 
Grand Mesa region, Cqlo., at Boo~ Cliffs, Utah, 
in the San Juan basin, N.Mex., and elsewhere, 
all in late Cretaceous beds. Thus, though it 
appears to have- been described from post..: 
Laramie beds, all, or nearly all, its subse·quent 
occurrences seem to have been in older beds. 

~n the collections from the Rockland mine; 
near Walsenburg, Colo., there is a single ex-

1 Knowlton, F. H., Flora of the Montana formation: U.S. Geol. Sur­
vey Bull. 163, p. 34, pl. 6, figs. 1-3, 1900. 

ample, the one here figured (Pl. XXXVII, 
fig. 4) that appears referable to this species. In 
size, sh~pe, and marginal dentatio·n it agrees 
perfectly with some of the smaller leaves of 
M. torreyi, but there is almost no nervation pre­
served except the midrib. Such of the finer 
nervation as can be faintly discerned appears to 
be that of this species, but the intramarginal 
vein is obscure. 

In the material from the reddish sandstone 
below the rim rock at Rockvale, C~lo., are a 
·number of fragmentary leaves that undoubtedly 
belong to this species, though they are smaller 
than is usual. Tlllee examples from the south 
wall of the gap at Tercio, Colo., also agree in 
size, shape, and marginal teeth, and, so far as 
can be made out, in the nervation. 

Occurrence: Vermejo formation (Cretaceous); 
collected by F. H. Knowlton-first hill south of 
Rockvale, Colo., opposite bi;tll grounds., 1909 
(5477); collected by W. T. Lee-Alkali Gap, 
Colo., Canon City field (5775).; dump of Coal 
Creek mine, Rockvale, Colo. (5791); Occiden­
tal mine, locality 141, northwest of La Veta, 

.Colo. (5673); Bowen mine, locality 109, near 
Tririidad, Colo. (5692); du.rllp of McAnily · 
mine, Walsenburg, Colo. (5676) ; Rockland 
_mine, locality 120, southwest of Walsenburg; 
Colo. (5677); dump of mine 6, Forbes, Colo., 
near· top of Vermejo formation (5691); Canon. 
City field, Colo., north wall of canyon near 
Rockvale (sec. 25, T. 19 S., R. 70 W.) (5783). 

Myrica coriacea Knowlton, n. sp. 

Plate XXXVII, figure 5. 

Leaf very· coriaceous in texture, narrowly 
ovate~lanceolate in shape, broadest about one~ 
fourth the length from the base, whence it is 
-rather abruptly narrowed to the base, ~ppar­
ently to a rather acute apex; margin entire; 
midrib ·very thick, especially below; second­
aries very obscure but apparently numerous, 
fine, irregular, and terminating in a well­
marked intram.arginal vein. 

The leaf figured, which is the best observed, 
was about 10 centimeters in length and 3,25 
centimeters in width. It is lanceolate, or very 
narrowly ovate-lanceolate, with rounded 
wedge-shaped base and apparently a rather 
long acuminate apex. The nervation, with the 
exception of the midrib, is very obscure, but 
apparently it consists of numerous, thin, irregu- . 
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lar · Yeins which terminat~ in a pronounced above the Trinidad sandstone, · collected . by 
intrmnarginal Yein. . G. B. Richardson's party· (5130). 

This species is n1ost closely related to Jfyrica 
to?·reyi Lesquereux, from which it differs in 
being relatiYely broader and in having the 
n1argin entire instead of markedly serrate. So 
fm· as can be made out the nervation is iden­
tical. Itn1ay be that the specimen is merely.· 
an entire-margined leaf of Myrica torreyi, but in 
the absence of intennediate forms it is best to 
regard it as belonging to a distinct species. 

Occurrence: V ermej o formation (Cretaceous); 
Coal Creek (Rockvale),Colo., collected byGeorge 
I-Iadclen (U. '8. Nat. l\1us., 51372). 

Order SALICALES. 

Family SALICACEAE. 

Salix gardneri Knowlton, n. sp. 

Plate XXXVII, figure 1. 

Leayes linear-lanceolate, broadest about the 
middle, thence tapering gradually to the long 
wedge-shaped lower portion mid in about equfll· 
degree to the acuminate apex; margin per­
fectly entire; nlidrib fai.J:ly strong; secondaries 
nun1erous, about twelve pairs, alternate, at an 
angle of about 45°, very 1n~ch curved upward, 
each joining the one next aboYe, the lower 
ones by a series of sevm~alloops, the ~ppe;r ones 
n1aking thmnselyes a series of conspicuous 
loops; nervilles prominent, approximately' at 
right angles to the tuidrib. 

This handson1e little species is represented 
by the nem·ly perfect example figured as well 
as seyeraltnore or less fragmentary specimens. 
The figured specimen is 7 centimeters long· and 
1 centi1neter wide; the others ar~ slightly 
smaller. 

This species :is undoubtedly most closely 
related to Salix plicata, with which it agrees 
closely in size and shape but from which it 
differs in the disposition of th~ less numerous 
secondm·ies; the finer nervation is also a more 
conspicuous feature in the present species. It 
is named in honor of the collector} Mr. J. H. 
Gardner, formerly a member of the United 
States Geological Survey and later connected 
with the Kentucky 9'eological Survey. 

Occurr.ence: V ermej o formation (CretaceoJis); 
Trinidad coal field, Colo., near base of Vermejo 
fonnation, at Simpson's mine, 3 miles south 
of Walsenburg (SE. i SE. i sec. 21, T. 28 S., 
R. 66 W.), 3 feet above coal and 10 fee( 

47019°-17---17 

Salix plica ta Knowlton, n. sp. 

Plate XXXVII, figures 6-8. 

Leaves evidently thick and coriaceous in 
texture, narrow, linear or linear-lanceolate, 
long and narrowly wedge-shaped at base, nar­
rowed to the apex. (destroyed); margin entire 
throughout; petiole evidently short; midrib 
very thick, deeply impressed; secondaries· very­
numerous, at a low angle, abruptly curved 
upward well inside the border and joining the 
one n€.xt above, thus forming a series of intra­
Inarginal loops far inside the margin; interme­
di~te secondaries occasional; finer nervation 
deeply impressed, forming irregularly quad-

: rangular areas. 
This little species is represented by a large 

·nun1ber of specimens which are very perfect so 
far as they go, though curiously enough there 
is ·none with the ·tip preserved, and very few 
that retain the base. · They are narrow, linear,. 
and entire, with a very short petiole. . The 
lengtli varies fron1 5 to about 10 centimeters 
and the width from about 6 to a maximum of 
18 millimeters, average 10 or 12 millimeters. 

In raU:ge of ·size, shape, and general appear­
ance this species is perhaps closest to Salix 
angusta A-lexander Braun, as :figured by IIeer 1 

from the Swiss :Miocene, but it differs abso­
lutely in nervation and ca.n hardly be in any 
way related. The ·coriaceous character of the 
leaves and the strongly i1npressed nervation 
produce a very well marked species, which is 
easily 1~ecognized even in fragmentary material. 

, This species was indicated as new by 
'Lesquereux in a manuscript report on a collec­
tion from "Coal Creek, Colo.," made by George 
Hadden for R. D. Lacoe, and by him donated 
to the National Museum: It is all in the 
reddish ~haly sandstone so characteristic of the 
bluffs (so.,called rim rock) about Rockvale, 
Colo. There are about a dozen examples in 
the Hadden collection, and it was also obtained 
by Lee in 1910 and by me in 1909. · 

Occurrence: Ve1!mejo formation (Cretaceous); 
"Coal Creek, Colo.," collected by George Had-. 
den, without doubt from the rim rock near 
Rockvale; first hill south of :Rockvale and op­
posite ball grounds, about 150 feet above top 

I Heer, Oswald, Flora tertiaria Helvetiac, vol. 2, p. 30, pl. 69, figs. 1-11, 
18ii8. 
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. of Rockvale sandstone 1nember of the Vermejo, 
collected by F. H. Knowlton, 1909 (5477); 1 
mile south of Rockvale, Colo., collected by 
W. T. Lee, 1910 (5788); Rockvale Canyon, 
about 100 feet below lower cliff of rim rock, 
collected by W. T. Lee (5781); in roof of 
Cameron mine, 3 miles. south of. Walsen­
burg, Colo. (5044), collected by George B. 
Richardson. 

Salix sp. a. 

Miocen~, but it would require more and better 
material before it could be described and char­
acterized properly. 

Occurrence: Vermejoformation (Cretaceous); 
Ponil Canyon, N. Mex., 1 mile west of locality 
11, at· top of Vermejo formation, collected by 
W. T .. Lee (5829). 

Salix sp. c. 

The collections from the Canon City field 
Plate XXXVIII, figure 1. contain a number of long, narrow leaves that 

are probably correctly referred to the genus 
Salix sp. a Knowlton, U. S. Geol. Survey Prof. Paper 98, Salix. The leaf is linear-lari.ceolate, 12 centi-

p. 337, pl. 86, fig. 9, 1916. meters in length and about 2.5 centimeters in 
In one ofthe collections from Vermejo Park, width at the widest point, whence it tapers 

.N. Me:x:., there are several small leaves that ap- upward to the slender apex and more g!adually 
pear referable to Salix, but beyond the fairly downward to 'the base. The nervation is 
clear outline of the leaf there is little that can be . obscurely preserved, consisting of a rather 
made out with ahsolute certainty. They are thick inidfib and numerous· secondaries, , but 
lanceolate in shape, slightly ~curved, ·and un- the details are somewhat obscured. 
equal sided, and measure about 8 centimeters This leaf, in size and shape, approaches 
in length and 2 .centi1neters 1n width; their closely what was called 2-probably errone­
margin is , perfectly entire. The nervation ously-Salix angusta Alexander Braun, from· 
consists of a rather slender midrib and numer- Coalville, Utah, and Point of Rocks, Wyo., 
ous pairs of slender secondaries, which arise at· though the secondary nervation appears to 
an acute angle and apparently curve upward· differ somewhat. This species is principally 
for a considerable distance. Tertiary in distributi~n, .and its identification 

Occurrence: Vermejo formation (Cretaceous); in the several lower horizons whence it has 
locality125,westofVermejoPark,N~Mex.,near been reported is probably due to error. On 
the middle of the Vermejo formation, collected- accourit of the greater or less uncertainty which· 
by W. T. ·Lee (5809). attaches to the identification of willow leaves 

of this general type I have preferred not to Salix sp. b. 
attach a specific name to it, rather than risk the 

Plate XXXVIII, figure 2. possibility of misidentification with an existing 

In one of the small collections from .Ponil species.· 
Canyon; N. ·Mex., there is found the single leaf Occurrence: Vermejo for_mation (Cretaceous); 
here figured. It is narrowly lanceolate, broad~ Rockvale, Colo., Newberry collection, probably 
est just above the base, and apparently slen-. ·.m~de by George Hadden. 
derly acuminate at apex. The length is about 
11 centimeters and the width 1.8 centimeters; 
the ;margin is perfectly entire. The nervation 
is not well preserved, consisting of a relatively 
strong midrib and numerous pairs of thin, ap­
parently camptodrome secondaries. 

It is usually so difficult to satisfactorily iden­
tify small, narrow leaves of this . type that 
beyond placing it under Salix,·where it appears 
to belong, it has not been thought worth while 
to give it a specific name. It is very similar 
to a number of described· species, such, for 
example, as Salix media Heer/ from the Swiss 

1 Heer, Oswald, op. cit., pl. 68, figs. 14-19, 1856. 

Populus? neomexicana Knowlton, n. sp. 

Plate LIII, figure 3.· 

Leaf_ apparently rather membranaceous in · 
texture, broadly,ovate in shape, about 7 centi­
meters in length and 6 centimeters in width, 
broadly truncate to the slightly decurrent base, 
rather obtusely acuminate at apex; margin 
entire at base, apparently crenate above; nerva­
tion three ribbed from· the base of the blade, 
midrib strong, straight, with a single pair of 
subopposite secondari~s in the upper portion; 

2 Knowlton, F. H., Flora of the Montana formation: U.S. Geol. Sur· 
·vey Bull. 163, p. 38, pl. 7, fig. 6, 1900. 
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lateral ribs as strong as midrib, at an angle of 
about 45°, ·much curved· upward, each with 
several.pairs of secondary branches on the out­
side; finer nervation not retained. 

This l~af is not well preserved, in fact, the 
base and a small portion of one side is all that 
is retained of the true margin. It appears, 
however, to have been broadly ovate with a 
rounded truncate base, which is slightly decur­
rent along the petiole. It is remarkable for 
having only one pair of secondaries oii the ex­
trenle upper portion of the midrib. 

The referen~e of this leaf to Populus is un~ 
certain, but in general it seems not greatly 
unlike leaves of many late.r formations that 
have been so identified. It may belong to 
Ficus, . but its poor preservation precludes 
certainty. 

Occurrence: Trinidad sandstone (Cretaceous); 
1 mile south of Raton, N. Mex., collected by 
W. T. Lee (5145). 

Order FAGALES. 

Family FAGACEAE. 

Quercus gardneri Knowlton, n. sp. 

Plate XXXVIII, figure 3. 

Leaf coriaceous in texture~ elliptical in gen­
eral outline, obtuse and romlCled at apex, 
abruptly rounded and slightly decurrent into 
the short, and rather stout petiole at base; 
1nargi.n deeply sinuate lobed, both ·Jobes and 
sinuses being obtuse ·and rounded; midrib 
rather thick; secondaries. in three pairs, 'thin, 
subopposite, endiiig· in the. obtuse lobes; ner­
villes irregular, 1naii1ly broken. 

This very handsome little specie~ is for-
. tunately·preserved almost entire. It is 4 cen­
tiineters long, exclusive of the petiole, which 
is nearly 1 centimeter in length, and 23 milli­
meters broad between the points of the lobes. 

· This species does not appear to be especially 
closely related to any fossil form thus far de­
scribed from this country, but among living 
species it seems perhaps closest to Quercus 
unclulata Torrey. This species is usually a 
shrub, occasionally becoming a small tree, and 
ranges from the eastern foothills of the Rocky 
:Mountains in Colorado to western Texas and 
thence to southern Utah and south into Mexico. 

Occurrence: V ermej o formation (Cretac'eous) ; 
2 miles south of. Walsenbm·g, Colo., 130 .feet 
above the base of the Vermejo formation and 50 
feet below the basal co.nglomerate of the Raton 

formation, collected by J. fi: Gardner (for 
G. B. Richardson) (5131). 

Quercus rockvalensis Knowlton, n. sp. 
. . . 

Plate XXXVIII, figure 4. 

Leaf small, elliptical in general outline, 
obtusely wedge-shaped at base, pinnately five 
'lobed, the lopes obtuse. and rounded and sepa­
rated by shallow, rounded sinuses; the ter­
minal lobe largest and the basal pair slightly 
smfiller than the upper pair; midrib rather 
strong; secondaries three pairs, opposite, ter­
minating in the lobes; finer .nervation not re­
tained. 

The only example observed is the one here 
figured. It is 4.5 centimeters long and about 3 
centimeters between the tips of the larger lobes;. 

Occurrence: Vermejo formation (Cretaceous). 
Rockvale, Colo., Newberry collection. 

Dryophyllum bruneri Ward. · 

Plate LIII, figure 5. 

Dryophyllum bruneri Ward, U.S. Geol. Survey Sixth Ann. 
Rept., p. 551; pl: 37, figs. 6-9, 1886; U. S. Geol. 
Survey Bull. 37, p. 27, pl. 10, figs. 5-8, 1887. 

In a small collection from the Trinidad sand­
stone of the Canon City field there is found the 
single leaf here figured, which appears to be 
identical with Ward's Dryophyllum bruneri. 
This species came from Point of Rocks and 
IIodges Pass; Wyo., and especially resembles 
figure 8 (above quoted). In shape it is perhaps. 
rather closer to D .falcatum Ward, 1 from I-Iodges 
Pa.ss~ but this has the margin undulate rather 
than toothed, and all things considered it is 
thought to be nearer to D. bruneri. 

Occurrence: Trin~dad sandstone(Cretaceous); 
Canon City field, Colo. (se~. 1, T. 19 S., R. 70 · 
W.), collected. by w. T. ~ee, No. 694 (5776). 

Order URTICALES. 

Family MORACEAE. 

Ficus dalmatica Ettingshausen. 

F'UJus dalmatica Ettingshausen. Lesquereux, U. ·s. Geol. 
and Geog. Survey Terr. Ann. Rept.,.l874, p. 303t 

· 1875; U:. S. Geol. Survey Terr. Rept., vol. 7 (Ter­
tiary flora), p. 199, pl. 63, figs. ·3-5, 1878. . 

Knowltob, U. S. Geol. Survey Bull. 163, p. 51, pl. 8, 
fig. 4, 1900. 

Occurrence: Vermejo formation (Cretaceous); 
Coal Creek (RockVale), Colo., collected by 
George Hadden (U.S. N~t. Mus.·, 51167). 

I Ward, L. F., Synopsis of the flora of the Laramie lf'OUp: U.S. Geol. 
Survey Sixth Ann. Rept., p. 551, pl. 37, fig. 10, 1886. 
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Ficus eucalyptifolia Knowlton, n. sp. 

Plate XLIV, figures 1, 2. 

Ficus eucaiyptijolia Knowlton, u: S. Geol. Survey Prof. 
Paper 98, p. 340, pl. 87; figs. 1, 2, 1916. 

. Le~f .-coriaceous, lance.olate, gradually nar­
rowed· from near · the middle to the wedge­
shaped base and upward to the narrow acumi­
nate· apex; margin entire; midrib very thick, 
straight; secondaries n'll:llerous, about fifteen 
'pairs, thin, alternate, parallel, reaching close 
to the ~argiri; finer nervation obsolete. 

This species is represented by several fairly 
well preserved thick coriaceous leaves, nar­
rowly lanceolate in shape and slightly unequal­
sided, about 14 centimeters long and 3 centi­
meters wide. Their most marked featlire is 
the very thick midrib (and petiole) and the 
rather close, numerous, parallel secondaries. 

Long narrow leaves of this general type are 
very difficult to identify satisfacto~ly, as there 
are so many forms to which they could seem­
ingly belong. · They are, for instance, very 
much like what has been described as Apocyno­
phyllum wilcoxensis (p. 345), at least so far as 
regards size, shape, and thick midrib; but they 
differ in the secondary nervation and in the 
absence of the intramarginal vein. In. size, 
shape, and thick midrib the present form is 
hardly to be separated from a_ number ofspe­
cies of Ficus-such, for example, as F. proteoi­
des Lesquereux and F. bertho";Ldi Lesquereux, 
especially the latter; from the D.akota s~nd­
stone of Kansas1-:-but it shows slight differences 
in the ·secondary nervation. It is also very 
similar in size and shape to Laurus knowltoni 
Lesquereux 2 b~t differS slightly from this also 

·in the secondarv nervation. · It also approaches 
-y-ery closely tov some of the leaves referred by 
Lesquereux 3 · to Ficus lanceolata fleer, about 
the only difference being in its thicker midrib­
the finer nervation not being comparable. This 
comparison could be extended further, but it is 
hardly worth while, and it seems best to give 
the Colorado leaves a new name, which they 
may :r;et_ain until it can positively be shown 
that they belong elsewhere. 

Occurrence: Vermejoformation (Ctetaceous); 
Rockvale, Colo., Newberry collection, probably 
made by George Hadden. 

1 Lesquereux, Leo, The flora of the Dakota group: U.S. Geol. Survey 
Mon. 17, pl. 12, figs. 2, 3, 1890. · 

2 Idem, pl: 50, fig. 4. 
a Lesquereux, Lea. The Tertiary flora: U.S. Geol. Survey Terr. Rept., 

·V'ol. 7, p. 192, pl. 28, ngs. 1-3, 1878. · 

Ficus haddeni Knowlton, n. sp. 

Plate XXXVIII, figures 6, 7. 

Leaves firm in texture, ovate, narrowed be­
low to a decurrent base, ra~her obtuse at apex; 
margin entire; nervation triple nerved from 
the decurrent basal portion;· midrib strong, 
straight, with five or six pairs of mainly alter­
nate- secondaries which are camptodrome and 
arch by a series of ioops well inside the mar­
gffi.; lateral ribs arising with the _in.idrib, tl;tin­
ner than the midrib, passing up about parallel 

· with the lowest pair of secondaries for nearly 
one-half the length of the blade, camptodro~e, 
each with three or foll! secondary branches· on 
the outside; nervilles thin, obscure. 

This species is represented by five or si.x 
fairly well preserved leaves, the larger of which 
is about 6 centimeters long and 3.5 centimeters 
wide and the smallest only abo1.1-t 3 centimeters 
long and a little less than 2 centimeters wide; 

· average, about 5 by 2.5 centimeters. 
Thi~ _species is of the type of Ficus praetri­

nervis, with which it agrees closely in shape and 
triple-nerved appearance. It differs from this, 
however, in having lateral ribs lighter than the 
midrib and in these not passing up parallel 
with the midrib to the upper part of the blade; 
the secondaries in the midrib are also different. 
Ficus haddeni also differs of course similarly 
from the allied F. trinervis. Remotely it re­
sembles F. planicostata Lesquereu."C, but' from 
this it.is known at once by the decurrent base. 

These specimens all passed through Lesqu~­
reux's hands and were by him identified as a 
form . of Populus mutabilis Heer, which they 
somewhat resemble in the shape and appear­
ance and nervation of the upper portion, but 
from whicli they differ essentially in th.e out­
line and ne;rvation of the basal portion .. 

Occurrence: Vermejoformation (Cretaceous); 
Coal Creek (Rockvale), Colo., collected by 

·George Hadden, for whom it is named; roof of 
Cameron mine, 3 miles south of Walsenburg, 
Colo., collected by G. B. Richardson's party 
(5044). 

Ficus minima Knowlton, n. sp. 

Plate XXXVI, figure 4; Plate XXXVIII, figure 5. 

Leaf small, thick, lanceolate, apparently 
rather abruptly rounded to both base and apex; 
margin .perfectly entir~; midrib exceedingly 
thick; second~ries strong, numerous; probably 
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twenty pairs, close, pn.ralld, mnerging at a 
right angle, then considerably curved upward, 
each joining the one next above just inside the 
margin, thus producing a continuous ~oop; 
intermediate secondaries occaaional; nervilles 
very strong, unbroken. · . · 

The little leaf fi.gl,l.red, which unfortunately 
lacks both base and apex, was apparently about 
5 centimeters long and 1.75 centimeters wide. 
It is remarkable for the extremely thick midrib 
and numerous strong secondaries which aris~ 
at a right angle and, curving slightly upward, 
forn1 a continuous loop just inside the margin. 

Occurrence: Vermejo formation (Cretaceous); 
dmnp of McAnily mine, Walsenburg, Colo., col­
ectecl by W. T. Lee (5676). 

Ficus newherryana Knowlton, n. sp. 

Plate XXXVIII, figure 8. 

Leaf thick i.i1 texture, broadly ovate, ab­
ruptly rounded to the trnncate base (apex 
destroyed); margin entire; three nerved from 
the base .of the blade; midrib thin, straight; 
secondaries only two or three p~irs, alternate, 
lowest pair high above the base, at an angle of 
about 45°, apparently rnnning to the margin; 
lateral ribs of the same size as the midrib, 
running straight to the margin,·each with four 
or five tertiary branches on the outside, nearly 
at right angles to t~e midrib, appar~ntly end­
ing in the margin; nervilles few, strong, per­
current. 

The figured example, the most perfect ob-
. sorved, is far from complete, lacking all of the 

apical portion and most of one side. The total 
length is uncertain but probably exceeds 10 
centimeters; the width is about 9 centimeters. 

This species is of the type of Ficus plani~os­
tata Lesquereu.x; in fact, it is distinguished with 
difficulty. from what Lesquereux 1 has called 
F. planicostata goldiana from the Denver forma­
tion of the Denver Basin, Colo. In general, 
however, the present species seems .to have 
been a thicker leaf than the Denver species, 
with the secondaries strikingly alternate in­
stead of opposite or subopposite, and fewer 
tertiary branches !or the lateral ribs; the ner­
villes are more nearly at right angles to the 
secondaries than to the midrib. 

Occunence: Vermejoformation (Cr~taceous); 
Rockvale, Colo., Ca1~on City field, Newbeny 
collection, probably made by George Hadden. 

1 Losquoroux, Loo, op. cit., p. 202, pl. 33, figs. 1-3, ISiS. 

Ficus leei Knowlton, n. sp. 

Plate XXXIX, figures 1-6; Plate XL, figure~ 1, 2. 

Ficus leei Knowlton, U. S. Geol. Sfuvey Prof. Paper 98, 
p. 338, pl. 90, fig. 2, 1916. 

Leaves very thick and fleshy in'texture, the 
nervation strongly ,impressed; shape broadly 
elliptical, ovate-elliptical or sometimes nearly 
orbicular, the base from rounded and truncate 
to deeply cordate-al.¢.culate, the apex abruptly 
rounded aud obtuse or sometimes slightly 
pointed; margin en tire or occasionally very 
slightly undulate; petiole short, thick; nervation 
strong, the midrib straight or at most slightly 
flexuose, with from three to six pairs of strong 
secondaries, the. lowest pair arising at the base 
of the blade, of the same size as the midrib 
and together producing a three-rib bed effect; 

·the lowest pair of secondaries (or ribs) with from 
three to as many as ten tertiary branches on the 

·outside, the lowest of these in the larger leaves­
nearly at right angles to the ,midrib-with a· 
number of quaternary branches on the lO'~er 
side, which supply the extreme basal portion· 
of the blade; the secondaries on the midrib are 
usually remote, alternate, or subopposite, and 
sometimes with a few branches on the outside; 
all nervation ~amptodrome and arching just 
inside the margin; nervilles numerous, strong, 
mainly unbroken; finer nervation producing 
an ab":1.ndance of irregularly quadrangular 
areolae. 

This fine species is represented in collections 
from numerous localities and by a great number 
of specimens, of which enough have been figured 
to show the range in size, configuration of the 
base, andconsequentdifferencesin the nervation. 
The largest specimens are 12 to 16 centimeters· 
long and 8 to 12 centimeters wide; the smallest 
leaf observed (shoWn in fig. 4) is less tha~ 2 cen­
timeters 'long and is 1.25 centimeters wide. 
Another .small leaf (fig. 3) is 4 centimeters long 
and 2.75 centimeters wide; and many are 8 to 9 
ce~timeters long and 6 to 7 centimeters wide. 
In the smaller leaves (see fig. 3) the base is 
ronnded o:r at most trm1c.ate; as the size in­
creases (figs. 2, 5), it becomes slightly heart­
shaped and finally more marked (fig. 6); and 
ultimately it is deeply heart-shaped, which · · 
brings it to an auriculate form (figs. 1 ·and 2, 
Pl. XL). 

In all these leaves the nervation is essentially 
the same. · Thus, regardless of size, all are three-
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ribbed from the very .base of the blade, and all 
show the same camptodrome secondaries or their 
branches, with·the same strong, mainly unbro-. 
ken nervilles. As the leaves .become more 
deeply heart-shaped at base the secondary and 
tertiary nerVes which supply the basal portion 
of the blade become mor~ and more bra~ched. 

It is w~th a good deal of hesitation that this 
species is described .as new~ If it were not for 
the fact that an almost unbro~en gradation can 
be shown from the small truncate leaves on one 
hand to the large cordate-auriculate leaves on 
the other .it might not be doing great violence 
to say that the series representing this species 
begins with Ficus speciosissima Ward, and 
ends with Ficus planicostata Lesquereux; in 
fact, if these extremes had not aU been found 
in a single locality and collection, it is quite 
possible that they would have· been so identi­
fied. So far as can be made out at present, 
about the only difference between the largest 
of the leaves, h9re called F. leei, and F. specio­
sissima is in their size, for even the largest of 
F. leei are considerably smaller than .F. specio­
sissima, and the average-sized leaves of F. leei 
are only about half as large. The task of 
separating the smaller truncate leaves of F. 
leei from F. planicostata is even more difficult. 
The leaves of F. leei appear to be thicker and 
to have a stronger nervation and are perhaps 
slightly more pointed at the apex, but at best 
these differences are not great. It is difficult 

. to escape the conviction that all the~e leaves 
belong to a single species, and that for the 
present it is best considered as new, for if an 
attempt was n1ade to divide them into two 
forms it would be practically impossible to draw 
·any satisfactory line between them. · 

Occurrence: Vermejo formation (Cretaceous); 
collect~d by W. T. Lee-(fig~ 4), Rockland 
mine, locality 120, 3 miles southwest of Wal­
senburg, Colo. (5677); (fig. 6), dump of Coal 
Creek mine, Canon ·city field, near Rockvale, 
Colo. (5791); dump of Morley mine, Morley, 
Trinidad coal field, Colo., base of Vermejo 
formation (5709); in Canon City. field near 
Rockvale, Colo. (sec; 25, T. 19 S., R. 70 W.) 
(5783); south wall of North Fork of Purgatoire 
Canyon, locality 136, above second coal bed 
from base of Vermejo formation (5800); 
Cimarron Canyon, N. Mex., locality 9, near 
top of Vermejo formation (5828); Ponil Canyon, 

1 mile west of locality 11., near top of Ver:m.ejo 
formation (5829). 

Ficus speciosissima Ward. 

Ficus specio~sima Ward, U.S. Geol. Survey Sixth Ann. 
· Rept., p. 552, pl. 45, fig. 1, 1886; U. S. Geol. Sur-

·vey Bull. 37, p. 39., pl. 21, fig. 3, 1887. 

This species, which has been so well de­
scribed and figured by Ward, was described 
from Point of Rocks, Wyo., in beds then 
~hought to be of Laramie age but which are 
now known to belong to the Montana group 

· (Mesa :verde formation). Since its original dis­
covery it has been found at a number of wide­
spread localities in Montana, Wyoming, and 
Colorado, and ·always within the Montana. 
It has been identified at several localities within 
the area covered by the present report. At 
first it was confused with certain of the larger 
examples that are now referred to Ficus leei, 
from which, as. already pointed out, it is 
hardly to be distinguished except by size. 
In one of the collections-that from Cokedale 
near Trinidad-ther9 is a large array of speci­
mens that are referred after deliberation to this 
species. In size and in the. configuration and 
.nervation of the basal portion they are indis­
tinguishable from F. speciosissima, but in the 
upper portion they are somewhat more elon­
gated than in the original figure. It· is not 
believed, however, that the difference is suffi­
cient to exclude them from this species. 

Occurrence: Vermejo formation (Cretaceous); 
dump of Cokedale mine, Cokedale, Colo., 
collected by W. T. Lee (5698); at locality 124, 
Spring Canyon, · Vermejo Park, N. Mex. 
(5237); dump of mine 6 at Forbes, Colo. 
(5691); east wall of Vermejo Park, N. Mex., 
near locality 123, 25 feet belo·w top of Verm.ejo 
formation, collected by W. T. Lee (5810); 
Bowen mine, locality 109, near Trinidad, Colo. 
(5692); Canon City field (sec. 30, T. 19 S., R. 
69 W.) (5790); dump of Rockvale mine, Rock­
vale, Colo. (5793); Alkali Gap, Canon City field, 

·Colo. (5775); Rockvale, Colo., near reservoir, 
collected by F. H. Knowlton. 

Ficus? ·starkvillensis Knowlton, n. sp~ 

Plate XXXVIII, figure 9. 

Leaf thick in texture, narrowly lanceolate, 
long_ wedge-shaped at base to the .thick petiole 
(apex destroyed); ·margin perfectly entire; 
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nervation all effaced except the relatively 
thick midrib. 
· The figured specimen is the best of the two 
or three available but lacks all of the upper 
third or more of the blade. Its width is 1.75 
centimeters and its length apparently about 
10 centimeters. Another very ··fragmentary 
specimen is 2.5 centimeters wide. 

It is really hardly worth while to name this 
form, as it is so broken and has only the midrib 
preserved, but it seems best to call attentioni 
to the fact that a leaf of this character is 
present. It is of about the same shape and' 
size as certain American specimens from the 
Laramie forma~ion of the Denver Basin, re­
ferred by Le.squereu.."{ 1 to Ficus lanceolata 
Fleer (now called- Ficus navic~"laris Cockerell), 
but the absence of nervation ,makes it inl­
possible to authenticate this identification~ 
There is also great uncertainty as to whence 
the specimens :figm·ed by Lesquereu.."{ actually 
can1e, though the same forms have been found 
in the Laramie by subsequent investigators.· 

Occurrence: Vermejoformation (Cretaceous); 
collected by W. T. Lee-dump of Starkville 
mine, Starkville, Colo. (5707), in association 
with Sequoia obovata,· S. ?'eichenbachi, eto.; 
dump of mine 6 at Forbes, Colo. (5691); dump 
of Gray Creek mine, about 40 feet above the 
base of Vermejo·formation (5710). 

Ficus praetrinervis Knowlton, n. sp. 

This species is :r;epresented by a great num­
ber of specimep.s, showing a considerable range 
in size. The larger examples are about 10 cen­
tilneters long and about 7 centimeters wide; 
sn1aller ones not more than· 6 or 7 centimeters 
long and 4 centimeters v.ride. - An average size 
is about 8 by 5 centi1neters. . 

·In the Newberry material, now the property 
. of the United States National :Museum, there 
are smne especially well preserved ~xamples­
which exhibit the whole length of the petiole. 
In a few specimens (see fig. 3) the petiole is. 
from a third to almost half as long as the blade, 
and the three principal ribs run clear to the very 
base, being compressed and lying side by side in 
the lower part. 

This species is very closely allied to and has . 
frequently been confused with Ficus trinervis 
ICnowlton, which· in turn was for many years 
confounded- with Cinnamomum affine Lesque­
reu.."{. The status of these two species, which I 
have previously set forth at length, may be 
brieflyrecapitulated.2 Cinnamomum affine was 
first described from the true Laramie forma­
tion at the Marshall mine, near Denver, Colo.,· 

. and was subsequently reported frmn a number of 
localities near Golden,· Colo., presu1nably from 
the Laramie, though this can not be positively 
ascertained. 

The species was figured by Lesquereux,3 but 
the source and location of the figured speci­
m~ns are uncertain. In later work, however,-

Plate XLI, figures 1-4; Plate XLII, figure 1. it has come to be pretty generally recognized 
Leaves of firm texture, broadly ovate in that Cinnamomum affine Lesquereux belongs 

shap~, more or less abruptly rounded below to to the Laramie, its presence in beds older than 
the ,decurrent base, a~1d apparently . rather this being uncer~ain or incorrect. 
obtuse above; margin perfectly entire; three Ward obtained some very fine material from 
ribbed from the base of the decurrent or Black Buttes, Wyo., whic)l he referred to Gin­
wedge-shaped basal portion of the blade; namo.mum affine Lesquereu.."{.4 These speci­
central rib (midrib) straight, ter~nating in . mens agree perfectly with one of the Lesque­
the tip of the blade, with two or three pairs of -reu.."{ figures (5) but are wholly unlike what 
secondaries in the upper portion; lateral ribs may be called typical 0. affine as depicted in 
nearly or quite equal in size to .the midrib, figures 1-4, 7. It was these Black Buttes 
equally dividing the distance between midrib specimens as figured by. Ward, together with 
and the margin of the blade·, curved and ·be- Lesquereux's figure 5 above mentioned, that 
coming approximately parallel to the midrib, were made the basis of Ficus trinervis Knowl­
thin above and apparently lost before reach- ton. This latter species is very abunqant at 
ing the upper third of the blade, each with Black Buttes, in beds which are regarded by 
twb to four secondary branches on the outside, the a1:1thor as of post-Laramie age, and it has 
these being camptodrome and arching well 
inside the margin; finer nervation obsolete. 

1 Losqueroux, Loo, Tho Tertiary flora: U. S. GaoL Survey Terr. Rept., 
vol. 7, pl. 28, figs. 1-5, 1878. 

2 Knowlton, F. H., Flora of the Montana formation: D. 8. Gaol. Survey 
Bull..163, p. 42, 1900. . 

a Lesquereux, Leo, The Tertiary flora: U.S. Gaol. Survey Terr. Rapt., 
vol. 7, pl. 37, figs. 1-5, 7, 1878. 

• Ward, L. F., op. cit., pl. 47, figs. 1-3. 
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since been reported frorri a number of horizons 
in Wyoming; Montana, and C~lorado, though 
probably not always correctly. 

· Ficus trinervis was admitted in:to the ·Mon­
tana flora 1 on the basis of several very poor 
specimens (U. S. Nat. Mus., Nos. 312 a, b, c) 
from Point of Rocks, Wyo. It is probable that 
these should now be referred. to Ficus praetri­
nervis, but they are .too poor to be of much 
value in any connection. Ficus trinervis was 
not noted at or near Point of Rocks nor in any 
recent material. 

As already stated Ficus praetrinervis is very 
closely related to F. trinervis, the difference 
being in the lateral ribs and their running to 
the base of the very long pet!ole. · In F. tri­
nervis these ribs, which of course arise at the 
same point as the midrib in the wedge-shaped 
basal portion of the blade, are practically 
straight or even arch slightly outward, and 
join with the lowest pair of secondaries on the 
midrib. In F. 'praetrinervis the lateral ribs, 
though they arise in much the same manner as 
in the older species, are uniformly· curved so 
that they shortly become parallel to the mid­
rib and appear to be lost in the upper part of­
the blade; or may reach nearly or quite to the 

·upper margin. Although this difference is not 
great it appears to be constant and m~y serve 
to distinguish the two forms. 

Ficus praetrinervis is a very abundant species 
in the Canon City, Colo., field, where ·it was 
identified by , Lesquereux as Oinnamomum 
affine. 

I have also figured from Riley Canyon, 
Colo., another nearly perfect specimen from 
. above the conglomerate and ·hence in the 
Raton formation. It is the only specimen in 
this collection and is rather larger than p.sual. 
There is also a single example of this species 
in one of the large collections from Wootton,· 
Colo., and thus in the upper beds. It was 
probably a specimen similar to this 'that was 
once identified by Lesquereux as his Oinna-

. momum mississippiense, which it much. re-
sembles. · 

Occurrence: Vermejo formation (Creta­
ceous); Canon City field, Colo., Coal Creek, 
near Rockvale, collected by George Hadden; 
Newberry collection, from same locality and 
presumably by same collector; 1 mile south of 

1 Knowlton, F. H., op. cit., p. 43. 

Rockvale, Colo., collected by W. T. Lee (5789); 
Canon City field (sec. 30, T. 19 S., R. 69 W.), 
collected by W. ·T. Lee (5790); Canon City 
field (sec. ·18, T. i9 S., R. 69 W.) (5779); fol­
lowing localities, all by W. T. Lee-Spring 
Canyon, locality 124, Vermejo Park, N. Mex. · 
(5237); locality 136, near La Veta, Colo. (5675); 
Starkville, Colo. (5707); dump of mine 6, 
Forbes, Colo. (5691); dump of Gray Creek 
mine, Colo. (5710); Cuatro, in Tercio Park, 
Colo. (5805); · Spring Canyon, locality 124, 
Vermejo Park, N. Mex·. (5807); following 
localities, by G. B. Richardson's party-Simp­
son's mine,· 3 miles south of Walsenburg, Colo. 
(5130); roof of Cameron mine, 3 miles south of 
Walsenburg, Colo. (5044). Raton formation 
(Tertiary); Riley Canyon, one-half mile north 
of Cokedale, Colo., 100 feet above the base of 
the Raton formation, collected by W. T. Lee 
(5699); Wootton, Colo., 50 to 100 feet above 
Wootton coal, collected by W. T. Lee (5712); 
hogba~k, 2 miles southeast of Dean, Colo., in 
slide rack, ·collected by G. B. Richardson's 
party (5113). 

Ficus regularis _Knowlton, n. sp. 

Ficus irregularis (Lesquereux) Lesquereux (in part), U.S. 
Geol. and Geog. Survey Terr. Bull., vol. 1, 1875, 
p. 368, 1876; U. S. Geol. Survey Terr. Rept., vol. 7 
(Tertiary flora), p. 196, pl. 63, fig. 9, excl. pl. 34, 
figs. 4-7, 1878; (Ulmus? irregularis Lesquereux, 
U. S. Geol. Survey Te:r:r. Ann. Rept., 1871, p. 378, 
1872), not F. irregularis Miquel, Ann. Mus. Bot. 
Lugduno Batavum, vol. 3, p. 224, 1867. 

Ficus coloradensis Cockerell (in part), Torreya, vol. JO, 
. p. 223, 1910. 

Similar in size and shape of leaf to F. irregu­
laris but with the secondary nerves regular in 
size and spacing instead of irregular. 

In the several collections, but especially in 
those from the Canon City field, there are a 
number of rather large thick leaves that are 
very close to the leaves of F. irregularis. They 
are presumably the s_ame as the single leaf 
figured by Lesquereux from Point of Rocks, 
Wyo., under this name. The Canon City 
specimens are preserved on a coarse-grained 
matrix and it is somewhat difficult to make 
out the characters. 

.Occurrence: Vermejo formation (Creta­
ceous); Canon City field, Colo., north of Coal 
Creek (sec. 30, T. 19 S., R. 69 W.), collected by 
W. T. Lee (5790). Montana group;- Point of 
Rocks, Wyo. 
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Ficus rhamnoidcs Knowlton. 

Ficus 1·harnnoides Knowlton, U. S. Geol. Survey Bull. 163, 
p. 47, pl. 10, figs. 1-3; pl.ll, fig. 1, 1900; U.S. Geol. 
Survey Prof. Paper 98, 'p. 339, pl. 86) fig. 10, 1916. 

This . species, described originally fron1 the 
Montana group at Point of Rocks, vVyo., is 
represented by one nearly perfect example 
and by scYeral n1ore fragmentary specimens. 

Occurrence: Vern1ejo fonnatio·n (Cretaceous); 
Con:l Creek (Rockvale), Colo., collected by 
George I-Iadden (U.S. Nat .. Mus., 51168). 

Ficus rockvalensis Knowlton, n. sp. 

Plate XL, figures 3, 4. 

Leaves small, thick and coriaceous in texture, 
ovate~lanceolate or slightly obovate-lanceolate, 
actun1nate, rather abruptly rounded to the 
slig~tly unequal sided base; margins perfectly 
e~1t~re; nervation very deeply impressed, con­
sistmg of a very strong, perfectly straiO'ht 
midrib and five or six pairs of stron()' seco~d­
aries, which aris.e at an acute angle, ~re alter..: 
nate below and subopposite above, and curve 
inward just at the margin; nervilles numerous, 
very strong, approximately r.t right an()'les to 
the n1idrib, usually broken, occasionall~ pre­
current; :finer nervation producing large quad-
rangular areas. · 

The smaller of the two specimens :figured is 
ovate-lanceolate in shape, being about 6 centi­
meters in length and a little over 2 centimeters 
in width. It is characterized by its small 
size, unequal-sided base, deeply impressed 
nerva~ion with especially strong nervilles. 
In tlus latter feature it suggests the genus 
Rhamnus, especially R. cleburni" and R. goldi­
anus of the Denver formation, though of cou~e 
the shape, size, and secondary nervation in 
these species are totally different. On the 
whole it is best referred to Ficus being for . ' ' mstance, very similar to certain of the leaves 
fron1 the Montana group at Point of Rocks, 
Wyo., that have been referred to F. dalmatica 
Ettingshausen.1 Though similar in size, shape, 
and general appearance, it differs in the regular 
?Jose, parallel secondaries at an acute a~1g~e and 
111 the n1arkod appearance of the nervilles. In 
oth~r words, the nervation is light in' F. dal­
mat~ca and very strongly impressed in F. rock­
valensis. 

1 Losqucroux, Loo, Tho Tertiary flora: U. S. Geol. Survey Terr. 
Ropt., vol. 7, p. 199, pl. G3, fig. 4, 1879. ' · 

The other specimen referred here with some 
hesitation is slightly obovate-lanceolate or 
elliptical in shape with a nearly equal base 
and an acuminate apex. 

Oc~urrence: Vern1ej o formation (Cretaceous); 
low hill opposite the baseball park, Rockvale, 
Colo., about 100 feet above the Rockvale sand­
stone member of the Vermejo, collected by 
F. H. Knowlton, 1909 (5477). 

Ficus gigantea Knowlton, n. sp. 

Plate XLIII. 

Leaf of very large size, ovate or ovate­
elliptical, rounded, and obtuse at apex, appar­
ently abruptly rounded or truncate at base· . . ' 
~la~·gm entire.; nervation very strong, con-
sistmg of a thick straight midrib and seven or 
eight pairs of strong, alternate secondni·ies at 
an angle of about 45°, the lower ones occasion­
ally branched, all campt~drome .and forming 
loops near the margin; nervilles numerous 

. ' 
very strong, mainly . unbroken, and at right 
angles to the secQndaries. · 

This species is represent~<;! by two well-pre­
serv-ed leaves-the larger of which is :figured--;­
and a few fragments. The smaller uu:figured, 
leaf is 15 centimeters in length and about 12 
centimeters in width; the ]arger one is about 
24 centimeters long and about 18 centimeters 
wide; but it unfortunately lacks the basal 
portion and· most of the margin on one side. 
Both ~re very well marked by the strong 
nervatiOn. · . 

The smaller leaf somewhat resembles Ficus 
spectabilis Lesquereux, 2 from the Denver for­
mation, but it is proportionately broader has 
fewer secondaries, and a somewhat fle~uose· 
midrib. The figured specimen does not resem­
ble closely any species with which I am familia1 • · 

~he. extreme upper part is quite like F. specio- . 
s~ss~ma Ward·, but the basal part differs 
markedly. It is much larger than the latter 
·spec~es and is about twice the size of any other 
spemes reported from this area. 

Occurrence: Vermejo 0) formation (Creta­
ceous); south side of Santa Clara Canyon, 
~ear water-tank of Rouse mine, Colorado, 
collected by W. T. Lee (5685), on same stone 
with Oredneria ]Jrotophylloides. 

2 Idem, pl. 33, fig. 5, 1878. 
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Ficus tessellata Lesquereux (MS.), n. sp. 

Pl~te XLI,_figure 5. 

Leaves coriaceous in texture, lanceolate, 
equally narrowed upward from the middle to 
an acute point and downward to the base; 
margin entire or slightly undulate; midrib thin· 
but very distinct, strnight; secondaries ten or 
twelve pairs, at an nctite angle (20°) of diver­
gence, equally spaced, parallel, camptodrome,­
following the borders in large marginal loops;· 
nervilles .strong, at right angles to the second­
aries, simple and continuous, forming large' 
square meshes. 

This species is represented in the earlim~ 

collections by two specimens, the best of which 
is here :figured. This leaf is nearly perfect, 
lacking but a small portion of the 'tip. It is 
nbout 11· centimeters long and a little more 
than 2.5 centimeters wide. The less perfect 
specimen is apparently slightly shorter but of 
about the same width. 

·This species, as Lesquereux points out, is 
perhaps closest to Ficus lanceolata I-Ieer,t yet 
differs in being much narrower and in having 
a more regular nervation, the secondaries being 
at a n1ore acute· angle, and the aerolation n1ore 

·pronounced. It also has some resemblance to 
leaves· usually referred to Rhamnus salicifolius 
Lesquereux, from which it appears to differ 
in having fewer more uniform secondanes and 
a different aerolation. . 

Occurrence: Vermcjo formation (Cretaceous); 
Coal Creek (Rockvale), Colo., coHect'ed by George 
Hadden (U.S. Nat. Mus., 51169). 

Ficus wardii Knowlton. 

Plate XLII, figure 2. 

Ficus· wardii. Knowlton, U. S. Geol. Survey Bull. 163,· 
p. 48, pL .9, fig. 1, 1900. 

The type of this species/ came from Point of 
Rocks, Wyo., in beds of the Rock Springs coaJ 
group (in the Mesaverde formation). The exam­
ple here :figured is not so large as the original 
specimen, but it does not otherwise differ from 
it. At first sight it somewhat resembles small 
leaves of Ficus speciosissima and F. leei, but it 
is separated at once by having five instead of 
three ribs. 

Occurrence: Vermejo formation · (Creta­
ceous); Oakdale n1ine, locality 140, northwest 

1 Heer, Oswald, Flora tertiaria ·Helvetiae, vol. 2, pl. 81, figs. 3-5, 1855· 

of La· Veta, Colo., collected by W. T. Lee 
(5672), associated w~th l~Voodwardia crenata, 
Sequoia obovata, and S. reichenbachi; 'McAnily 
mine, Walsenburg, Colo., collected by W. T. 
Lee (5676); Si1npson mine, 2 miles south of 
vValsenburg, Colo. (sec. 21, T. 28 S., R. 66 W.), 
collected by G.· B. Richardson's party (5130); 
roof of deserted mine, locality 108, near Bowen, 
Colo., collected by W. T. Lee (5694); Rockvale, 
Colo., in Canon City field (in sec. 25, T. 19 S., 
R. 70 W.), collected by W. T. Lee (5783)'. 

Ficus curta Knowlton, n. sp. 

Plate XLII, fig. 5. 

F~cus curta? Knowlton, U. S. Geol. Survey Prof.. Paper 
98, p." 338, pl. 88, fig. 3, 1916. 

Leaves thick in texture, ovate in shape, 
abruptly rounded to the decurrent base (apex 
destroyed); petiole rather slender; midrib 
slender, straight'; secondaries_ about three 
pairs, lowest pair arising at the base of the 
blade, at an acute angle, passing high up, each 
with two or three tertiary branches on the out­
sicle; upper secondaries remote, opposite, 
slightly curved upward, apparently campto­
drome·; all finer nervation obsolete. 

These leaves are about 7 centimeters in 
length and 4.5 centimeters in ~idth; the petiole 

·is preserved for 1.5 centimeters and is probably 
not quite complete. The n1ntrix is so coarse 
grained that only· the primary nervation can 
be made out. 

This species undoubtedly approaches closely 
to Ficus planicostata goldiana Lesquereux, 2 

froni the Denver formation of the Denver 
Basin,- but it appears to be a thicker leaf with a 
more decurrent base and to have fewer tertiary 
branches on the lower secondaries. 

Occurrence: Vermejo formation (Cretaceous), 
Canon. City :field, Colo., 1 mile east of Rock­
vale (sec. 30, T .. 19 S., R. 69 W.), collected by 
vV~ T. Lee (5790). 

Ficus sp. 

.. Plate XLV, figure l. 

In the collections frmn the CanQn City :field 
I find a fragmentary leaf-the one here fig­
ured-that evidently belongs . to the genus 
Ficu.s but is too impedect to admit of proper 
character.ization .. It was a large leaf, probably 
12 centimeters or more in length and about 10 

2 Lesquereux, Leo, op. cit., pl. 33, figs .. 1, 2. 
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centin1eters in width, and was evidently very 
thick. The nervation is very thick and 
heavy, consisting of a straight midrib and ·at 
least three pair8 of secondaries, the lowest 
p~tir being prqvided with about six tertiary 
branches on the lower side. At base the leaf is 
rounded truncate, and judging from the appear­
ance of the secondary nerves it seems not. 
improbable that it was lobed above., but this 
is impossible of verification. In some respects 
it suggests Dombeyopsis . platanoides Lesque­
retLx, 1 from the lower coal-bearing portion of 
the Livingst01~ fonnt,ttion of Montan_a but 
-differs fr01n it in several points. 

Occurrence: Vennejo formation(Cretaceous); 
·Canon City field, Colo., 1 mile· east of Rock­
vale, at base of coal-bearing rock (sec. 30, T. 19 
S., R. 69 W.), collected by W. T. 'Lee (5790). 

Artocarpus dissecta Knowlton, n. sp. 

Plate XLII, figure 6. 

Leaf of large size mid firn1 texture, deeply 
-cut into at least three pairs of opposite lobes, 
the upper ones separated by broad rounded 
.sinuses, the lower pair remote from the ones 
next above and connected with them by an ex­
·Ceedingly narrow wing which is hardly more 
than the petiole; lower lobes nearly at right 
.angles, irregularly ovate-lanceolate, appru:-ently 
·obtuse, the blade cut away on the lower side 
nearly t<;> the midrib; upper lob~s at an angle. 
of about 45°, spreading, acute; each lobe with a· 
midrib, which has several camptodrome 
branches on the lower side and an additional 
rib above the midrib; a short secondary fron1 
the 1nain midrib passes up to and forks just 
under the sinuses in the upper part of the leaf; 
finer nervation irregular. 

Unfortunately the specimen . figured is the 
. only one observed of this particular form and 
is far fron1 perfect, lacking all of the upper 
portion as well as the tips of the lobes. Its 
.size can not of course be ascertained, though 
it was presu1nably at least 18 to 20 centimeters 
long and about 16 centimeters broad bet-\veen 
the points of the lower lobes. 

This leaf is very remarkable in that it has 
the lower pair of lobes separated from the ones 
above by a distance of nearly 2 centimeters 
-of practically bare midrib-that is, the wing 
-connecting the~~two is so reduced as to be 
.almost nonexistent. The lower lobes are also 

t JJosqueroux, Leo, op. cit., pL 47, figs. 1, 2. 

curiously cut into almost to the midrib on the 
lower side, whereas on the upper side it is 
attached by the whole base. Otherwise this 
leaf is undoubtedly most closely related to 
ATtocaTpus lessigiana (Lesquereux) Knowlton/· 
from the Laramie formation of the Denver 
Basin. The general shape, J?.Umber, configu­
ration, and type of nervation of the lobes is 
practically the same in both, and it may well 
be that a series of leaves would show their 
identity; but as the facts now stand they are 
best considered apart. 

Occurrence: Vermejo formation (Cretaceous); 
dump of McAni.ly mine, Walsenburg, Colo., 
collected by W. T. Lee (5676). 

' Family CREDNERIACEAE. 

Credneria protophylloides Knowlton, n. sp. 

Plate XLVI. 

Leaf of large size, evidently thick and firm in 
texture, apparent]y nearly orbicular in shape, 
about equally rounded to both base and apex; 
·margin perfectly entire; petiole short, very 
stout, and thick, especially a·t the point of 
attachment; midrib very thick, thus directly 
qontinuing the petiole; secondaries about thre~ 
pairs opposite, the lowest pair· as strong as the 
midrib, arising high above the base of the 
lamina, considerably curved upward, each 
with five or six strong tertiary branches on the 
outside, these often again bearing. outside 
branches, all camptodrome and forming broad 
bows just inside the margin; midrib between 
lowest pair of ·secondaries and the ba.Se of the 
lamina with two or three strong branches at 
right angles to it; nervilles very prominent and 
strong, mainly 1:ffihroken, nearly at right angles 
to the secondary or tertiary branches which 
they connect_ . 

The leaf figured is the best preserved of any 
that. belongs with certainty to this species, 
but it lacks much of. one side and the apex. 
As far as cari be made out it was nearly orbicu­
lar in shape, being probably about 20 centi­
meters long and about as much wide. The 
petio.le is nearly 4 centimeters long and fully 
5 millimeters thick a~ its point of ·attachment. 
A1iother still larger leaf was 28 to 30 centi­
meters long and 22 to 24 centimeters wide. 
These leaves are very strongly marked by the 
fact that the lowest pair of secondaries rises 
high· above the base of the blade and runs up 

2 Idem, pl. 64, fig. 1. 
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nearly to the apex of the leaf, each being 
provided with several strong, often branched 
tertiaries on the outside. Below the lower 
pair of strong secondaries there are two or 
three strong branches on the midrib which 

. supply the· basal portion of the blade~ The 
nervilles, as already pointed out, are especially 
strong and prominent. 

these latter seem to differ from it "in the upper 
portions. 2 · 

Occurrence: Vermejo formation ( n (Creta­
ceous); south side of Santa Clara Canyon, near 
water tan.k of Rouse mine, Colorado, collected . 
by W. T. Lee (5685). · · 

Order RANALES. 

Family LAURACEAE .. 

Laurus colora~ensis Knowlton, n. sp. 

Plate LXV, figure 3. 

In the preliminary examination and without 
extensive study and comparison, it was thought 
that this leaf should be referre.d to the genus 
Protophyllum, which embraces so many large 
and striking leaves found in the Dakota sand­
stone. The resemblance was especially marked Lau.rus coloradensis Knowlton, U. S. Geol. Survey Prot. 

Paper 98, p. 340, pl. 88, figs. 4, 5, 1916. 
~n the basal portion of the blade with its pecul-
iar nervation, in the thick petiole, and in the ·Leaf narrowly lanceolate, tapering in about 
numerous strong nervilles. That it can not equal degree to both base and apex; petiole 
belong to this genus,. however, is shown by short ·o ), thick; midrib relatively very thick 
several essential points of disagreement: N 0 below but becoming very thin above; second­
known species of Protophyllum has its leaves aries numerous, a dozen or more pairs, subop­
three ribbed from above the base of the blade; posite, much curved upward, camptodrome, 
normally Protophyllum has its leaves perfoliate; arching near the margin and each joining the, 
Protophyllum has the margin of the blade next above by a series of loops; intermedi­
undulate or more or less toothed and the nerva- ate secondaries frequent, usually joining the 
tion craspedodrome. This genus may there- secondary next below; secondaries strong,. 
fore be dismissed as untenable for the leaf oblique to the secondaries; finer nervation not. 
under consideration. preserved. 
· The next genus naturally suggested is Ficus, The leaf here figured as the type of this.· 
of which many large, strongly ·nerved species species is narrowly lanceolate in shape, being­
have been described, but; so far as can be re- about 11 centimeters in length and 2.5 centi­
called, · all have the secondaries· or ribs-often meters in width; the petiole is preserved for a. 
from three to five or even seven__:__arising at the length of 0.5 centimeter but probably is not. 

·very base of the blade. The upper part of complete. .. 
the specimen leaf has a strong resemblance to In the matter of nervation the present species. 
certain large species of Ficus, as, for instance, approaches very closely to Laurus primigenia 
to F. speciosissima Ward, and it is not improb- Unger, as figured by Lesquereux,S but it differs. 
able that in previous studies . portions .of the from this in size and to some extent in shape,. 
species under examination may have been so being much l~rger and narrower, especially at, 
referred. When the basal portion is present the base. Its thick petiole and_ thick basal 
such reference is of course impossible; portion of the midrib constitute other minor 

The leaf under consideration is so unmistak- differences. 
ably similar to the severa] forms ascribed to the Tl!e species here described is probably the, 
genus Oredneria, that there can be no doubt as same as that reported from Point of Rocks, 
to the correctness of its reference to this genus. Wyo., under the name of Laurus primigenia/ 
Except as regards size it is hardly to be 'dis- but which was so poorly preserved as to make, 
tinguished from Oredneria integerrima Zenker 1 the determination uncertain. 
from the Quadersandstein of Blankenburg, Occurrence: Vermejo formation (Cretaceous)~ 
which, by the 'Yay, is the type of the genus. Rockvale, Colo.; Newberry collection, pro b­
It also resemble~ in the basal portion certain ably made by George Hadden. 
othe~ species from the sa~e locality, as 0. 2Jdem, pl. 3, fig. c; pl. 2, fig. A. _ 
subtnlo~a Zenker and 0. b~loba Zenker, but ' 8 Lesquereux, Leo, 'l'he Tertiary flora: u.s: Geol. Survey Terr. Rept.t" 

. vol. 7, pl. 36, fig. 6, 1878. 
1 Zenker, J. C., Beitrage zur Naturgeschichte der Urwelt, pl. 2, fig. F, · • Knowlton, F. H., Flora of the ¥ontana formation: U.S. Geol. Sur-

Jena, 1833. · vey Bull. 163, p. 58, 1900. 
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Family MAGNOLIACEAE. 

Liriodendron alatum Newberry (MS.). 

Plate XI..VIII, figure 3. 

Liriodendron alaturn. Newberry MS. Hollick, Torrey Bot. 
Club Bull., vol. 21, p. 468, pl. 220, 1894. 

Knowlton, U. S. Geol. Survey Bull. 163, p. 13, pl. 1, 
fig. 6, 1900. 

Following is the original description as given 
by I-l;ollicl~: 

Leaves 4-5 inches wide, oblong or ovate in outline, 
rounded or somewhat cordate at base; deeply emarginate 
at apex, lobed or constricted at sides, or merely witli 
wavy margins; petiole long, stout, and conspicuously 
winged; nervation characteristic of the genus, consisting 
of two sets of parallel secondaries, one strong, connecting 
ncar the margins in festoons, the other weaker and inter­
mediate w.i1.h the former. 

The mn,terial upon which this species was 
founded was collected under the direction of 
R. C. I-Iills at Walsenburg, Colo., in .beds sup­
posed to be Laramie in age. The species was 
subsequently detected by 'the writer in a col­
lection from ~he right bank of Missouri River, 
7 miles below the Conl Banks,· near Virgelle, 
Mont., in the Eagle sandstone. The two or 
three somewhat frag1nentary examples in the 
presen.t collection are frmn Walsenburg, Colo., 
and doubtless can1e fron1 or near · the type 
locality. They are apparently not quite so 
large as the · type specimen, the o~e figured 
being noticeably sn1aller, but in the shape of the 
base of the leaf and the size and appearance 
of the winged petiole they ar~ indistinguishable. 

Occurrence: Vermejoformation (Cretaceous); 
dun1p of McAnily mine, Walsenburg, Colo.; col­
lected by W. T. Lee (5676); Walsenburg, Colo., 
types, collected for R. C. I-Iills. Eagle sand­
stone, right bank Missouri River, 7 miles below 
Coal Banks, near Virgelle, Mont. 

Order ROSALES. 

Family PLATANACEAE1 

Platanus? sp. 

Plate XLII, figure 3. 

The collection from Rockvale, 'Colo., con­
tains a single small, distorted leaf (fig. 3), prob­
ably stipular in position, that is presumed to 
belong to some species of Platanus. It is 
ovate in shape and very uneq-q.al sided. The 
margin is strongly toothed; with the seconda­
ries ( <;>r, in the lower part, the tertiaries) entering 

the. teeth. The n~rvilles are ·strong, mainly 
precurrent.and platanoid in appearance. 

Occu:r:rence: Vermej,o formation (Cretaceous); 
Canon City field, Rockvale, Colo., Newberry 
collection, presumably obtained by George 
Hadden. · · 

Family ROSACEAE. 

Amelanchier obovata Knowlton, n. sp. 

Plate XLII, figure 4. 

Leaf small, men1branaceous in texture, obo­
vate in shape, being rounded and obtuse at 
apex and obtusely wedge shaped at base; n1ar­
gih slightly toothed, the teeth remote, low; 
1nidrib thick, straight; secondaries about seven 
pairs, opposite, at an angle of about 40°·, . 
slightly curved· upward, camptodron1e; ner- · 
villes numerous, thin, approximately at right 
angles to the secondaries. 

This little leaf, the only one observed,.is reg­
ularly obovate in outline, 4 ·centimeters long 
and about 2.5 centimeters wide; ·it has a short 
portion of the petiole preserved. · It is clearly 

. rosaceous in character and agrees well with 
Amelanchier, being, for example, not greatly 
unlike A. alnifolia Nuttall, the familiar service· 
berry of the Northwes·t. It is not like any of 
the fossil forms referred to this genus. 
· Occurrence: Vermejo formation (Cretaceous); 
dump of Coal Creek n1ine, Canon City field, Coal 
Creek, Colo., collected by W. T. Lee (5791). 

Family PAPILIONACEAE. 

Phascolites crassus .Knowlton, n. sp. 

Plate XLY, figure 5. 

Leaflet of firm texture, ovate-acuminate in. 
shape, rounded to the obtusely we~ge-shapecl 
base; margin perfectly entire; ·petiole nearly 1 
centimeter long, exceedingly thick; midrib 
relatively strong, particularly just above th<3 
base of the blade; secondaries about eight 
.pairs, alternate, arising at an angle of about 35°, 
curved upward, camptoclrome, arching very 
near the border of the blade; nervilles n umer­
ous, fine, ·.mainly precurrent and slightly ob­
lique to the seconda.ries. 

This handsom·e little leaflet is nearly perfect, 
lacking only a small portion of the apex. · It 
has the blade about 6 centimeters long and 
2. 75 centimeters wide and a petiole nearly 1 
centimeter long and more than 2 millimeters I 
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thick. The leaflet is slightJy curved and un­
equal· sided. It is well marked by this thick 
P.etiole and by the alternate, much-curved 
secondaries with -the fine, slightly oblique 
nervilles. . 

Among the described species referred to this 
rather poorly defined genus the present ·species 
appears to approach most closely to Phaseo­
lites elegans Hollick, 1 from the Raritan forma-. 
tion at Brooklyn; N. Y .. With this it agrees 
very well in size and shape, though not so 
markedly falcate, and appears to differ princ"i­
pally .in the very thick petiole. The seconda­
ri~s also appear to be niore numerous, more 
curved upward, and more markedly campto­
drome, though this .feature is not very well 
shown in the eastern species. 

Occurrence:.Vermejoformation (Cretaceous); 
Canon City field, Rockvale, Colo., Newberry 
collection, probably made by George Hadden. 

Phaseolites leei Knowlton, n. ·sp. 

Plate XLV, figure 6. 

Leaflet narrowly ovate-lanceolate in shape, 
broadest below the middle, thence rounded to 
the base and to the slender acuminate apex; 
n1argin entire; petiole short, very thick; midrib 
strong, especially below; secondaries about five 
pairs, at an angle 'of about 45°, curved upward; 
camptodrome; all finer nervation obliterated. 

. The lea:flet figured is absoJutely perfect. It 
is 7.5 centimeters in length and :a little over 2 
centimeters in width. As it is preserved on a 
coarse-grained s~tndstone, all traces of ·the 
finer nervation are obliterated and even the 
major nen;ation is none too clearly preserved. 
~fhis species .is similar to P. crassus' but is 
longer, much narrower, and more syrr;tmetrical 
instead of slightly unequal-sided. It has also 
fewer seconda.ries. 

Occurrence: Vermejo forn1ation (Creta­
ceous); Canon. City field; Colo., 1 mi~e east of 
Rockvale (sec." 30, T. 19 S., R. 69 W.), at base 
of coal-bearing rocks, collected by W. T: Lee 
(5790). 

Phaseolites rninutus Knowlton, n. sp. 

Plate LIII, figure 4. 

. Leaflet of small size and evidently firm 
texture, slightly obovate-elliptical in outline, 
broadest near the middle, whe:Q.ce it rounds in 

1 Hollick, Arthur, Tho Cretaceous flora of soi.1thorn Nmv York and 
Now England: U.S. Gcol. Survey Mon. 50, p. 85, pl. 32, fig. 4, 1906. 

• 

about equal degree to both base ·and· apex; 
margin entire; midrib relatively thick, straight; 
secondaries. apparently about three pairs but 
very obscurely preserved. 

This little l"eaflet-the only one observed-is 
about 4 centimeters long and nearly 2 centi­
meters wide. The nervation other: than the 
thick midrib is obscure, though apparently 
there are about three pairs of secondaries. 

Occurrence: Trinidad sandstone (Cretaceous); 
1 mile. south of Raton, N. Mex., collected by 
W. T. Lee (5145). · · 

Colutea speciosa Knowlton, n. sp. 

Plate XLIV, figure 4. 

Texture of leaf firm, shape transversely ellip­
tical, broader than long (4.5 centi1neters wide, 
3.5 centimeters long), about equally rounded to 
the emarginate apex and below to the small, 
abruptly decurrent base; margin perfectly en­
tire; midrib thick below, straigh~, becon1ing. 
very thin above; secondaries thin, about four 
pairs, at a very low angle, much curved up­
ward, especially the uppermost pair, which 

. turn in well toward the n1idrib; finer nervation 
obscure. 

The little leaflet figured is the only one 
noted in these collections and is fortui1ately 
almost'perfe~t, lacking only a very sn1all por..: 
tion of one margin. It is regularly rounded 
above to the emarginate ~pex, the sinus being 
sharp though not very deep. It was appar­
ently thick in texture, as shown by the thick 
midrib and very faintly in1pressed secondaries; 
the latter are opposite or subopposite and curve 
sharply upward after starting nearly at right 
angles to the midrib. The leaflet appears cer­
tainly to be congeneric with various leaflets re­
ferred by fleer and others to Oolutea. It is, for 
instance, very similar in shape to 0. macro­
phylla and a. salteri 2 from tp.e Miocene of 
Switzerland, but it is very much larg.cr ·and 
proportionately much broader than either. 

·In the character of the emarginate ·apex it is 
like a. primordiales Heer,a fron1 the Upper 
Cr~taceous of Greenland, but differs markedly 
fron1 it in shape as well as in size. 

Occurrence: Vermejoformation (Cretaceous); 
locality 125, west of Vermejo Park, N. Mex., 
in middle of Vern1ejo formation, collected by 
W. T. Lee (5809). ·· 

2 IIoer, Oswald, Flora tortiaria Holvotiao, vol. 3; pl. 132, figs. 46, 47-57, 
1859. 

a Heer, Oswald, Flora fossilis arotica, vol. 6, pl. 27, figs. 7-11, 1880 • 



FLORA OF. T'HE VER.ME.JO FORMATION. 271 

Order SAPINDALES. 

Family CELASTRACEAE. 

,Celastrus haddeni Knowlton, n. sp. 

Plate XLV, figure 2 .. 

Leaf small, firm in textureJ narrowly and 
obliquely obovate, rounded above and nar­
rowed below to the l~ng wedge-shap~d unequal­
sided base; margin perfectly entire; midrib 
relatively very strong, with five pairs of alter­
nate, acute-angled secondaries, the lower pair 
arising at the very bt"tse of the blade and pro­
ducing a three-ribbed effect; the lowest 
secondary on the broad side of the blade with 
several tertiary branches on the out3ide, these 
and all the upper secondaries can1ptodrome, 
arching just within the margin; finer nervation 
obscure. 

This little leaf, the only one observed in the 
collection, is obovate in shape, being 4 centi­
meters in ·length and 2 centimeters in width 
at the broadest point, which is we;u above the 
middle. The leaf appears to be three ribbed 
from the base, but really the lowest pair of 
secondaries arise near the base of the midrib, 
thus simulat:ll1g a true three-ribbed appear­
ance. The nervation is well brought out in 
the figure and need ~1ot be fuTther described. 
So far as known to me, there is nothing in the 
present collections to which this can be 
closely compared. 

Occurrence: V ermej o formation (Cretaceous); 
Canon City field, Coal Creek (Rockvale), Colo., 
collected by George I-Iadden (U. S. Nat. Mus., 
51373). 

Celastrus? hesperius Knowlt.on, n. sp. 

Plate XLIV, figl.lre 5. 

Leaf small, ovate or ovate~elliptical, rather 
abruptly narrowed. to a wedge-:-shaped base and 
to the obtuse apex; margin undulate-toothed 
throughout; midrib relatively strong, straight; 
secondaries about five pairs, alternate, ·at an 
angle of about 4.5 °, apparently caml?todrome, 
but this and the :finer nervation obscure. 

This little leaf, the only one observed in the 
collections, is hardly worthy of a name, yet it 
appears to be different from anythn1g. pre­
viously noted. It is 4.5 centimeters long and 
about 3 centimeters wide. 

Occurrence: Vermejo formation (Cretaceous); 
Canon City field, Coal Creek (Rockvale), Colo.,-

collected by George Hadden (U.S .. Nat. Mus., 
51254). 

Celastrus? sp. 

Plate XLVII, figure 6. 

The mere frag111ent figured is all that was 
found of this form, and if it were not ap­
parently a well-marked type it would hard1y 
be worthy of mention. It was probably ellip­
tical in shape, about 10 centimeters long and 
7 centimeters wide, with the margin provided 
with numerous relatively large round-pointed· 
teeth. Very little of the nervation beyond 
the thick midrib and a few delicate secondaries 
can be ascertained. It appears to possess 
characters that would place it in Oelastrus, but 
this is very uncertain, and it is presented sim­
ply to call attention to the fact that there is a 
large, peculiarly toothed leaf present in these 
beds. · 

Occurren.ce: V ermej o formation (Cretaceous); 
locality 125, west of Vermejo Park, N. Mex., 
collected by W. T. Lee (5809). 

Order RHAMNALES. 

Family RHAMNACEAE. 

Rhamnus . salicifolius Lesquereux. 

Rhamnus salicijolitts Lesquerm1x, Ain. Jour. Sci., 2d ser., 
vol. 41, p. 206, 1868; U. S. Geol. Survey Terr. Ann. 

· Rept., p. 196, 1869; idem, 1872, p. 400, 1873; U. S. 
_ Geol. and Geog. Survey Terr. Ann. Rept., 1873, p. 

382, 1874; idem, 1876, p. 517, 1878; U. S. Geol. Sur­
vey Terr. Rept., vol. 7 (Tertiary flora), p. 282, pl. 
53, figs. 9, 10, 1878. 

Knowlton, U. S. Geol. Survey Bull. 163, p. 70, 1900. 

The type locality for this speci~s is Marshall's 
coal mine, Boulder County, Colo., iii heels of 
true Laran;tie ·age. Of the two examples fig­
ured by Lesquere'\L'( as types of the species, the 
original of figure 9 is the specimen above men­
tioned from Marshall's, and the original of 
figure 10 is said to have come from Black 
~uttes,. Wyo. · Neither of these specimens can 
now be found in the collections of the. United 
States National Musuem, :where they are sup­
posed to be; and. as the species has not been. 
subsequently detected at Black Buttes, its 
occurrence at this locality is for the present 
held to be questionable. The species has· 
proyed to be more or less abundant in. the · 
Laramie formation of the ·n~nver Basin, oc­
curring at Coal Crook, Boulder County, Erie, 
and at Golden. It has subsequently been iden-
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ti:fied with some question in the Montana grqup 
near Harper station, Wyo., and is now known 
to be fairly common in beds· of-similar age 
near Rock Springs, Wyo.· 

1ri tlae material from Coal Creek (Canon City 
field), Colo., collected by Hadden and ·studied 
by Lesquereux in the Lacoe collection, are two 
leaves which. were regarded by him as -repre­
senting a new species of Rhamnus. They are 
rather fragmentary, lacking both base and 
apex, but so far as can be made out they do 
not differ from the smaller of the two leaves 
figured by Lesquereux as types of Rh(Lmnus 
salicifolius and they· are so, referred. . · 

Occurrence: Vermejo formation (Cretaceous); 
Canon City field, Coal Creek (Rockvale), Colo.; 
collected by George Hadden· (U~ S. Nat. Mus., 
51219, 51220); 12 miles west of Trinidad, Colo., 
near locality 106 (sec. 15, T. 33 S., R. 64 W.), 
70 feet above base of Vermejo formation, col­
lected by G. B. Richardson's party (5098). 

Zizyphus paliurifolius Knowlton, n. sp. 

Plate XLVII, figures 1-4. 

Leaves variable in size, membranaceous in 
texture, ovate or ovate-elliptical in shape, 
about equally rounded to both base and apex; 
margin perfectly entire; nervation triple ribbed 
from the base of the blade, the rib of about 
equal strength, the lateral ones. at an acute 
angle and passing up nearly or quite to the 
apex; midril:> straight, with one or two pairs 
of alternate secondaries, usually in the upper 
pm~tion only; lateral ribs with fou.r or five pairs 
of seoondary branches on the out~ide, these 
being simple- in the smaller leaves and forked 
in the larger ones, camptodrome; nervilles 
strong, at right angles to the midrib. 

There are seven specimens in the sniall. col­
lection representing this locality, which, al­
though differing greatly in size,· appear to be­
long together. The smallest lea:f ·(fig. 1) is 
4 centimeters long and about 2.5 centimeters 
wide, and the largest (fig. 4) probably was not 
far from 12 to 14 centimeters long and 10 
centimeters wide. The most perfectly pre­
served example (fig. 2) .is 4.5 centimeters long 
and a little over· 3.5 centimeters wide. Others 

·of intermediate size are about 10 centimeters 
~ong 'and 7 centimeters wide. 

At first sight these leaves appear very 
different,' but they all hav~ the same peculiar 
nervation, and when arranged in a series on the 
basis· of size it seems impossible to draw any 
satisfactory line.between them. It would seem 
that they nlay either be referred ,'to one species 
or .to almost as many as there are leaves. 

The species appears to be related to Zizyphus 
distortus Lesq uereux1 or Z. fibrillosus Les­
quereux, both from the Denver formation of the 
Denver Basin of Colorado.1 From z: fibril­
losus it differs in the base and more particularly 
in the absen'be of the peculiar nervilles, and 
from Z. distortus in Hize and in certain details 
of nervatio.n; it is, however, closer to Z. 
distortus ·than to Z. jibrillosus. 

The small leaves of this species (particularly 
fig. 2) are very sin1ilar to those of Paliurus 
colombi Heer, as ·identified for instance by 
Lesquereux 2 from the lower Tertiary of Carbon 
County, Wyo., but even the smallest is consid­
erably larger than ahy of the Carbon County 
leaves: They also show differences in the 
nervation, the secondaries, for instance, pass­
ing nearly or quite to the marg~n and there 
joining a marginal vein instead of being plainly 
camptodrome and curving son1e distance below 
the margin. · 

Occurrence: V ermej o formation (Cretaceous) ; 
Vern1ejo Park, N.·Mex., locality 123, near top 
of Vermejo forn1ation, collected by W. T. Lee 
(5810). 

Order MALVALES. 

Family STERCULIACEAE. 

Sterculia coriacea Knowlton, n. sp. 

Plate LXVIII, figure 1. 

Leaf coriaceous l.n texture, C1llleate at base, 
pahnately three lobed, the lobes cut nearly to 
the base, narrowly lanceolate, acuminate; 
margins perfectly entire; pet~ole long and very 
strong; nervation consisting of a midrib for 
each lobe, those for the lateral lobes joining 
the one for the central lobe well about ·the 
base of the blade; add~tional nervation no·w 
obsolete. 

This very characteristic leaf is 8 centimeters 
long· frorri the top of the petiole to the apex of 

1 The Te~tiary flora: U. S. GeoL Survey Terr. Rept., vol. 7, p. 275, 
pl. 51, figs. 7-9, pl. 52, figs. 1-6, 1878. 

s Idem, pl. 50, figs. 13-17. 
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the central lobe and nearly 9 centilneters wide 
between the tips of the lateral lobes. The lobes 
are 4 to 5 centm1eters long and nearly 1.5 
cen.t.i1neters wide at the base. The petiole is 
3.5 centimeters long and is relatively very 
strong. The lateral lobes stand nearly at an 
angle of 45° with the central lobe. The only 
nervation, at least the only nervation pre­
served, is the rather light n1idrib for each lobe. 

This species is of the same type as $_terculia 
reticulate£ Lesquereu..~,t from the .Dakota sand­
stone of Kansas, and S. rigicla Lesquereux,2 

fr01n the :Miocene of Florissant, Colo. It ·is,· 
however, considerably larger than either of 
these species; it differs fron1 the first in having 
acun1inate instead of obtuse lobes and absence 
of reticulate nervation, and it differs m~rkedly 
fron1 the second in having the lobes more than 
twice as broad and the base more broadly 
cuneate.· 'l~e petiole is very like that of S. 
reticulatn. 

Occurrence:. V ermej o formation (Cretaceous) ; 
locality 124; Spring Canyon,· Vermejo ·Park, 
N. Mex., at top of V ermej o formation, col­
lected by W. T. Lee (5237). 

Pterospermites undulatus Knowlton. 

Pterosperrnites undulattts Knowlton, U. S. ·Geol. Survey 
Bull. 163, p. 67, pl. 16 (fig. 3), pl. 17 (fig. 2), pl. 18 
(fig. 4), 1900. 

Several ra.ther imperfect leaves that are re­
ferred to this species are contained in collec­
tions from the vicinity of ·Rockvale, Colo., and 
it is present in material cpllected ·by L~e in· 
Vermejo Park, N. Mex. 

Occurrence: V ermej o formation (Cretaceous); 
Canon City field, Coal Creek (Rockvale), Colo., 
collected by George :Hadden OJ. S. Nat. Mus .. 
51328, 51330); Vermejo Park, N. Mex., near 
locality 123, collected by W. T. Lee (5810); near 
Rockvale, Colo., in the Canon City field (sec. 
28, rr. 19 S., R. 70 W.), near base of rim rock, 
collected by W. T. Lee (5782).· 

Pterospermites wardii Knowlton. 

Pterospmnites wardii Knowlton, U:. S. Geol. Survey Bull. 
163, p. 66, pl. 16, fig. 1, 1900; 

In the material from Walsenburg, Colo., 
there is a single leaf that appears to belong to 

I Lcsqucrcu.'C, Leo, Tho flora of the Dakota group: U.S. Geol. Survey 
'Mon. 17, pl. 34, fig. 10, 18!l2. 

• 2 T,csqucroux, Leo, The Cretaceous and Tertiary floras: U. S. Gcol. 
Survey Terr. nept., vol. 8, pl. 34, fig. 12, 1883. 

this species .. It is so badly preserved that it 
adds nothing to our knowledge of the species, 
and consequently it has not been figured. It 
is of about the same size a~ the figure above 
quoted. and appears to agree with it in all es­
sential characters of margin and primary and 
finer nervation. 

Occurrence: Mesaverde formation (Creta­
ceous); Point of Rocks, Wyo. Vermejo forma;.. 
tion (Cretaceous) ; dump of ¥cAnily mine, W al­
senburg, Colo., collected by W. T. Lee (5676). 

Pterospermites nervosus Knowlton, n. sp. 

Plate XLVIII, figure 4. 

. Leaf large, apparently of nearly regular 
elliptical outline, ·very obtuse at apex and. 
.apparently truncate or rounded at base; 
margin perfectly en.tire; midrib straight, very 
thick, grooved; principal ~econdaries ·about 
eight pairs,. thin,' alternate, a~ irregular dis-. 
tances, the· two lowest pairs arising at the 
same point high above. the base of the blade, 
one pair at right angles to the midrib, tP,e other 
pair (and all above it) at an angle of about 45°, 
camptodrome, forming broad· loops just below 
the margin; one or two pairs of thinner sec­
ondaries below the principal ones supply .the 
basal portions of the blade; nervilles numer­
ous, thin, very irregular and broken, the finer 
ne~vation forming rather large; irregularly 
quadr.angular areolae. · 

The specimen figured, which "lacks ali, or 
nearly all, of the bas~l margin, is the only one 
observed in the collections. It was apparently 
nearly regularly eJ.liptical in shape and was 
a-bout 13 centimeters long. and 11 centin1eters 
wide. · 

In some respects, particularly in its upper 
portion, this leaf suggests Magnolia, but the 
peculiar disposition of ~he. nerves in the basal 
portion precludes its reference to this genus. 
Its basal nervation suggests Proto1Jhyllum, 
but from this genus· it is excluded by the fact 
that in all 'species of Proto1Jhyllum the second­
ary nervation is craspedodrome; ending in the 
'margin, or, more commonly, in marginal teeth. 
·The present leaf is perfectly entire and the 
nervation camptodrome, which admits it to 
the _genus Pterospermites. The configuration 
of the base is not known, but the arrangement 
of the basal nervation agrees well with that of 
several described ~pecies, such, for instance, as 
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P. dentatus Heer/ from the Mio~ene ·.of the 
Mackenzie River region; it differs from this, 
however, in having marginal teeth. 

Occurrence: Vermejoformation(Cretaceo'us); 
Rockland mine, locality 120, 3 miles· south­
west of Walsenburg, Colo., near top of Vermejo 
formation, collected ,by W. T. Lee (5677) .· 

Hedera rotundifolia Knowlton, n. sp. 

Plate XL VII, figure 8. 

Leaf thickish in texture,· orbicular in shape, 
rounded and very slightly heart-shaped at 

. base, rounded a,nd obtuse at apex; margin 
perfectly ent~e.; nervation reiatively strong, 
three ribbed from the top of the petiole; midrib 
with one pair of secondaries in the upper 
_part·;· lateral ribs at an angle of. abou·t 45°, 
slightly curved upward, each with ~hree ·or 

' four secondary branches· on- the outside, 
standing at right angles to the midrib; finer 
nervation not preserved .. 

This little leaf is about 3:5 centimet~rs long 
and 4.5 centimeters broad. As the matrix in 
which it is preserved is very coarse grained 
all trace of the finer nervation has been oblit­
erated, so that beyond the three principal 
ribs and the few secondary branches it is not 
possible to go. It can not be made out 
whether the secondaries ·are camptodrome or 
craspedodrome, though presumably the former. 
.. Occurrence: Vermejo formation (Cretaceous); 
locality 129, south of Francisco Pass, ·west of 
Raton, N. Mex;, at the base of the Vermejo 
formation, where it is. associated in the same 
hand specimens with marine invertebrates, 
such as Tetlina scitula Meek and Hayden, and 
Panopaea? sp., conected by W. T. Lee (5806). 

Family- VITACEA]i:. 

Vitis? fragmenta Knowlton, n. sp. 

Plate XLVII, figure 7. 

Leaf rather coriaceous in texture, outline· 
unknown but presumably nearly_ circular, 
very deeply heart-shaped at base,, the lobes 
broad, rounded, and nearly overlapping; mar­
gin apparently coarsely toothed, but this point 
is obscure;· nervation three ribbed from the 
top of the petiole, the midrib strong, with at 
least one pair of. nearly opposite. secondaries; 
late·ral ribs at an angle of about 45°, ,nearly as· 
strong as the midrib, slightly curved upward, 

1 Heer, Oswald, Flora fossilis arctica, vol. 1, pl. 22, figs. 6, 7, 9, 1868. 

each with several secondary branches on the 
outside which supply the cordate base. 

A single fragment is all that was found of · 
this form. It is impossible to determine its 
exac.t size, though it appears to have been 
about 7 centimeterS long and about 6 centi­
meters wide. The margin in the lower por­
tion appears to be coarsely toothed, but the 
matrix is a rough sandstone and it is difficult 
to be certain of the true margin. 

This specimen is so fragmentary that were 
it rtot from the lowest beds of the Vermejo 
formation it would hardly be worthy of name 
and description. It appears to resemble the 
genus V4tis most closely, but its reference 
thereto }Ilay not b~ correct. 

Occurrence: Trinidad sandstone (Cretaceous) ; 
. 1 mile south of Raton, N.Mex., collected ~y 
W. 1;. Lee (5145). 

Cissites panduratus Knowlton, n. sp. 

·Plate LXIX, figure 10. 

_Leaf membranaceous . in texture, very 
broadly ovate or nearly circular in general out­
line, truncate at base, deeply cut by broad 
rounded sinuses into five large lobes; middle 
lobe obovate, probably with two or three small 
lobes"; next pair of lobes symmetrical, unequal 
sided, somewhat obc,vate, obtuse; lowest pair 
·of lobes symmetrical~ smaller than the others, 
nearly at right angles to the midri~, obtuse; 
nervation :five palmate from the. top of the 
petiole, the ribs straight, ·terminating in the 
apex of the lobes; middle rib with about five 
pairs of slender. secondaries; ·lateral ribs near 
_upper margin of the lobes,, each with two or 
three ·pairs of slender alternate secondaries, 
except the lower-pair, which has the secondaries 
on the lower side only:. . · 

This species is represented at present only 
by ·the splendid specimen :figured, which is 
nearly perfect. It is about 7 centimeters in 
length and 7 centimeters between the points 
of the lower lobes and a little less between the 
tips of the middle lobes. The slender petiole 
i's preserved for 2.5 centimeters and was prob­
ably a little longer when perfect. The sinuses, 
as will be noted in the :figure, are very broad and 
rounded; ~der ·each of the upper ones there . 
is a secpndary branch of the · midrib which 
forks and passes in either direction just within 
the border. Aside from the few secondary 
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branches shown in the figure, the finer nerva­
tion is not i)l·eserved. 

The species appears ·at frrst sight to be re­
lated to a number of forms among living and 
fossil species. It suggests certain deeply lobed 
leaves of Acer, but its lobes are all entire or, in 
any event, are witho~t the sharp teeth and 
lobes usually characteristic of the maples. It 
also remotely resembles certain of the very 
deeply lobed leaves of Liriodendron, and the 
position of its ribs near the upper margin of 
the ln.terallobe is not unlike the conditions in 
this genus, but its facies is on the whole differ­
ent. It also suggests certain species of Vitis 
and Oissus, though the resemblance is not par­
ticularly close in any living species noted in 
the National I-Ierbariuin. On· the whole it· 
. seems to be most like the genus Oissites, being, 
for instance, strongly suggestive of 0. formosus 
I-Ieer, as figured by Lesquereux.1 The latter, 
however, is only three lobed and the present 
form is not conspecific with it. 

Occurrence: Ver.mejoformation (Cretaceous); 
locality 120, Rockland mine, 3 n1iles southwest· 
of Walsenburg, Colo., collected by W. T. Lee, 
1910 (5677); dump of McAnily mine, Walsen­
burg, Colo., collected by W. T. Lee (5676). 

Order EBENALES. 

Family· EBENACEAE. 

Diospyros? leei Knowlton, n. sp. 

Plate XLVIII, figure 2. 

Leaf evidently of thickish texture, elliptical 
or slightly obovate-elliptical, broadest above 
the· n1idclle, t,hence rounded to the slightly 

·pointed apex and below to the short thick· 
petiole; midrib extremely thick below, be-
. coming almost effaced before reaching the 
apex; secondaries seven or eight pai~, alter.-
nate, at an angle of about . 30°, somewhat 
curved upward near the margin; upper pairs of 
seconchtries very thin and almost obsolete; 
f~mcr nervation not well preserved. 

This handsome little leaf is practically per­
fect. It is 6 centimeters in length and 4.5 
centimeters in width. A little more than 5 
millimeters of the petiole is preserved. This 
leaf is notable for its elliptical outline and ex-
treinely thick midrib. . 

It is perhaps uncertain that it belongs to 
Diospyros, and the generic. reference- is conse·-

t JJosquereux, Leo, Tho flora of tho Dakota group: U. S. Gaol. Survey 
· Mon. 17, p. 161, pl. 21, fig. 5, 1891. 

quently questioned. It is of the type and 
general appearance of D. ficoidea Lesquereux,2 

from Black Buttes and Hodges Pass,. Wyo., 
from which it differs in being more nearly 
elliptical with very slightly pointed apex. The 
secondaries are at a lower angle and not 
branched. 

Occurrence: Vermejo formation .(Cretaceous); 
Vermejo Pa;rk, N. Mex., nearest locality 123, 
near the middle of the Vermejo formation, col­
lected by W. T. Lee .(5809). 

·order GENTIANALES. 

Family OLEACEAE ~ 

Fraxinus? sp. 

Plate XLIX, fi~re 1. 

The collections fro:i:n the Gray Creek min~, . 
near Gray Creel{, Colo., include a single speci­
men (fig-. 1) that appears to belong to the 
genus Fraxinus but that is so fragmentary that 
I have not ventured to name it. It was evi­
dently an ·ovate-lanceolate, entire-margined 
leaf about 9 centimeters in length and 3.25 
centimeters in width. It had about seven 
pairs of alternate 'acute-angled secondaries. 
Its finer nervation is obscure. . 

In some ways this leaf suggests ·Rhamnus 
salicifolius Lesquereux, but it is rather broader 
and has fewer mor.e acute'-angled secondaries. 
In shape it suggest.s certain leaves that have 
been referred to Ficus lanceolata fleer, but here 
again the nervation is more acute angled. 

Occurrence: Vermejo formation (Cretaceous); 
dump of coal mine, at Gray Creek, Colo., col­
lected by W. T. Lee (5710), found with Ficus 
praetrinervis, Vibu1'1),um anomalinervum, etc. 

Ord~r RUBIALES. 

. Family CAPRIFOLIACEAE. 

Viburnu~ anomalinervum Knowlton, n. sp. 

Plate XLV, figure 4. 

Viburnum whymperi Heer. Lesquereux, U. S. Geol. Sur­
. vey Terr. Rept., vol. 7 (Tertiary flora), p. 225, pl. 

61, fig. 23, 1878. 

Leaf small, ovate in 'qutline, truncate at b~se, 
and slightly dec~rrent on the petiole, obtusely 
pointed above; . margin ·toothed from just 
above the base, the teeth usually rather large, 
obtuse; nervation strong, deeply impressed, 
consisting of' a n1idrib which is . two or , three 

2 Lesquereux, Leo, The Tertiary flor11: U. S. Geol. Survey Terr. Re_pt., 
vol. 7, pl. 40, figs. 5, 6, 1878. 
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tim~s forked, and two ribs nearly as strong 
that arise in the decurrent base of the blade 
and that in many specimens pass up nearly to 
the top. of the leaf, each wit3h several f~rking 
branches on . the outside, all craspedodrome, 
and ending in the marginal teeth; nervilles 
strong, mainly forked or broken. 

small, sharp teeth above. So far as can be 
made out the secondaries and tertiaries pass 
directly to the margin. The whole nervation 
is very regular and straight. 

· Viburnum rotundifolium Lesquereux, 1 from 
the Laramie and Denver formations, approaches 
the species in some respects but differs fronT it 
in being rounded and obtuse at apex, in having 

·coarser n1arginal teeth, and in having fewer 
curving secondaries and tertiaries. 

Occurrence: Vermejo formation (Cretaceous); 
Canon City field, Colo., 1 mile east of Rock­
vale (sec. 30, T. 19 S., R. 69 W.), at base of 
coal-bearing rocks, collected by W. T. Lee 
(5790). 

Viburnum montanum Knowlton. 

Plate LII, figure 2. 

The specimen fi"gured is "nearly perfect. It 
is 3.5 centimeters long and 2 centimeters wide. 
The shape is regularly ovate. T:Q.~ nervation 
is very str.ong an_d deeply impressed for so 
small a leaf, and is in effect three ribbed from 
the base, for what may be called the lowest 
pair o{ secondaries i$ of about the same 
strength as the midrib, arises with it at the 
verybase of the blade, and runs for some dis-. 
tance nearly parallel to ~t; each of these sec­
ondari-es has several craspedodrome branches; 

It has for a long time been apparent.that the Viburnum rnontanum Knowlton, u.s. Geol. Survey Bull. 

1. 1 1 f f p · f R k W f I 163, p. 73, pl. 19, figs. 1~ 2, 1900. Itt e ea rom ornt o oc s, yo., re errec 
by Lesquereux to Heer's Viburnum whymperi;· In the reddish fine-grained sandstone below 

the rim rock at Rockvale, Colo., are numerous 
could not belong to that species; and I have leaves that are referred without hesitation to 
ventured to refer it to the present species. It 
is of about the same size as the present speci- Viburnum montanum. As pointed out in the 
men and is like it in its slightly decurrent base, original discussion, this species has consider~ 
three-ribbed nervation, and other details. able resemblance to· Viburnum ·marginatum 
There can be no reasonable doubt as to its Lesquereux,2 especially in the basal portion, 

but differs from it in shape, being narrower 
identity. 

· and not so expanded above. These specimep.s 
Occurrence: Vermejo formation (Cretaceous); 11 d thr · h . L , h d d 

d f · · · G · . C. k C 1 . 1 a passe . oug esquereux s an s an 
type, ump o mme at ray ree , o o., co- 'd t'fi d b h' V'b · · 
1 t d b W T L (5710) M t 

were 1 en 1 e y 1m as ~ urnum marg~-
ec e y . . ee . on ana group, . V d V Za 'd b h 

M d ·f t' (C. t ) R 1...--· natum, . anceps, an . p tano~ es, ut t ere esa ver e orma wn re aceous , · OCK . b 1 V 
S · 1 · p · t f R k W Is no doubt that they e ong to . . montanum. 

- prmgs coa group, oin ° oc s, yo.- Occurrence: Verinejoformation (Cretaceous); 
Viburnum? hesperium Knowlton, n. sp._ · collected by W. T~ Lee-Canon City field, Coal 

Plate XLIX
1 

figure 2. Creek .(Rockvale), Colo., 1 mile south of Rock-
·vale, Colo., 1910 (5788); Canon City field (sec. 18, 

Leaf evidently rather thick,· ovate; truncate T. 19 S., R. 69 W.) (5779); south wall of Spring 
at base, abruptly narrowed to an acuminate 
apex above; margin apparently sharply ser- Canyon in Vermejo Park, N. Mex.,-l0cality 124, 

at top of Vermejo formation (5237) near Rock.:. 
rate, a:t least above (margin obscurely pre- vale, Colo., in Canon.City field (sec. 25, _T. 19. s., 
served); midrib thick, perfectly straight; sec- R. 70 W.), near base of rim rock (5782}. 
ondaries about six pairs, opposite,. lowest pair 
arising at top of the petiole, each with.four or 
five tertiary branches on the o1:1tside, other 
. secondaries cl<;>se, parall~l, apparently ending 
in the teeth; finer ·n·ervation obsolete. 
· This little leaf, which is broadly ovate with 
abruptly truncate base, is 5.5 centimeters long 
and about 4.5 centimeters wide. As it is pre..: 
served on very coarse grained sandstone, the 
details of exact outline and nervation are to be 

Viburnum? problematicum Knowlton. 

Plate XLIX, figure 9 . 

Viburnum? problematicum Knowlton, Flora of the Mon.tana 
· formation:· U. S. Geol. Survey Bull. 163,· p. 71, 

pl. 19, fig. 4, 1900. 

In the collections from the Canon City field 
I furd several leaves that are apparently the 
same as the specil:nen figured as the type of this 

made out with difficulty. It appears to be en- lLesquereux, Leo,TheTertiaryflora: u.s. Geol.SurveyTerr.Rept., 
. l . h h vol. 7, pl. 38, fig. 10, 1878. 

tire a ong the base and serrate, Wit rat er 2 Idem, p. 223, pi. 38, fi~s. 1, 4. 
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species from beds believed to be of Montana 
age at Coalville, Utah, but it is doubtful if they 
n,re the same as the single leaf of Viburnum 
mm·ginatum Lesquereux, which I referred to 
V. 1Jroblematicum in the 1

' Flora of the Mon tan~ 
fonnation." The latter is fron1 a 1nuch higher 
horizon (Black Buttes, Wyo.) and has a .mar­
gin provided with more numerous and much 
smaller teeth. · 

Occurrence: Vermejoformation (Cretaceous); 
Canon City :field, Colo., 1 mile east of Rockvale 
(sec. 30, T. 19 S., R. 69 W.) at base of coal­
bearing rocks, collected by W. T. Lee (5790). 
Beds believed to be of Montana age, Coalville, 
Utah. 

Viburnum simile Knowlton, n. sp. 

Plate XLIX, figme 3. 

Leaf coriaceous in texture, elliptical in out­
line, abruptly rounded to the slightly decur­
rm:it b.ase; margin entrre for lower third, thence 
provided with low sharp teeth; midrib strong, 
.straight; secondaries· about eight pairs, oppo­
site or subopposite, lowest pair arising well 
above the base, each with seven or. eight ·ter­
tiary branches on the outside, these canlpt.o­
chome or subc~aspedodrome; other secondaries 
straight, at an angle of about 45 °, occasionally 
forked, ending in the marginal teeth; nervilles 
nmnerous, prominent, at right angles to the 
secondaries. 

The example figured, which is the most per­
fect one observed, is about 7.5 ce.ntitneters in 
length and 3.5 centin1eters in width. It. is 
associated with, and 111ost closely related to, 

. Viburnum montanum Knowlton; in fact, it may 
be only a small narrow leaf of that· species. 
It differs, however, in being· smaller, elliptical 
instead of ovate, and in having the lowest pair 
of secondaries arising. above the base of the 
blade instead of at or near the base. It is also 
slightly unequal-sided, as well as decurrent at 
base. The type and general appearance of the 
nervation is very much the same. 

Occurrence: Vermejo.fm'mation (Cretaceous); 
Canon City fielcl, Rockvale, Colo., Newberry 
collection, probably made by George Hadden. 

Vibu!'num rham~ifolium Knowlton, n. sp. 

Plate XLVII, figure 5. 

Leaf ovate-lanceolate, broadest just below 
the 1niddle, where it tapers to a wedge-shaped 
base below and to an acuminate apex above; 
margin ent~e below, then irregulady sharply 

serrate above; nervation pinnate; the midrib 
straight; secondaries about nine or ten pairs, 
alternate, at .an acute angle, craspedodrome, 
ente-ring the slightly larger marginal teeth; 
nervilles numerous, very strong, mainly un­
broken, and at right angles .to the midrib. 

The specimen figured, which is the best ·pre­
served of the two representing this species, is 
about 6 centimeters long and a little over 2 
·centimeters wide. It is entire for perhaps one­
fourth the length of the blade, thence sharply 
toothed, the teeth entere<;l by the secondaries 
being considerably larger than the others. The 
number of smaller teeth between the larger ones 
is' usually three. The marked appearance of · 
the leaf is due to the numerous prominent, 
mainly simple nervilles, which are approxi­
mately at. right angles to the midrib. 

This species is of the same type as a leaf from. 
Rockvale described in this report as Viburnum? 
problematicum Knowlton, but differs from it in 
being n1uch narrower and more pointed at apex 
and in having n1ore numerous s~condaries and 
conspicuous nervilles. It also has some res.em­
blance to V .. simile, described from Rockvale, 
but the latter is l~rger and has the lower pair 
of secondaries arising above the base, with 
several branches on the outside. The teeth in 
v .. simile are usually without the h1tern1ediate 
smaller ones between thos~ entered by the sec­
ondaries. 

Occurrence: Vermejo formation (Cretaceous);: 
locality 124, Vermejo Park, N.Mex., in Spring: 
Canyon 2 feet above the highest coal bed of the. 
Vermejo formation,· collected by W. T. Lee 
(p807). 

Viburnum crassurr~ Knowlton, n. sp. 

Plate LII, figures 3, 4. 

Leaves of medium size, very thick and firm in 
texture, very broadly o bovate wedge-shaped in 
general outline, apparently truncate above but 
with apparently about five low, broad, obtuse 
lo'bes; margin of' long wedge-shaped base per­
fectly entire; but margin of ,lobes apparently 
sparsely toothed; nervation very strong, con­
sisting of a thick midrib and three pail's of 
secondaries, the lowest pair nearly as strong as 
the midrib and arising with it at the base of the 
blade; upper secondaries alternate, the lowest 
forked; basal secondaries-or ribs-with sev­
eral branches on the outside; nervilles ·numer­
ous, very strong, mainly unbroken, and at right 
angles to the midrib or secondaries. 
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This species is represented by several exam- collected by George Hadden (U. S. Nat. Mus. 
pies, none of which, however, is well preserved. 51316). 

·In one of the specimens here figured (fig. 4) the INCERTAE SEDIS. 

· b~sal portion is well preserved~. in the other Palaeoaster inquirenda, n. gen. and sp. 

(fig. 3) the base .is o.nlY partly retained, but the Plate XLIX, figures 5, 6. 

upper portion is· better shown. The leaf ap- Organism consisting of a whorl or rosette of 
Pears tq be truncate above, with several low, 

1 1 h eight to twelve thick, sessile, linear- anceo ate, rounded obtuse lobes, but the nature of t e 
acuminate, erect, one-nerved "leaves," but -matrix makes the real margin uncertain.· The 
Without trace of internal organization. 

nervation is particularly stro~g. This organism, whatever its exact nature 
This species is of the type of certain leaves of may be,' is very peculiar and is highly charac­

Vi.burnum montanum ·Knowlton, t . at least as teristic of the beds in which it occurs. It con­
regards the ·nervation of the basal portion, but sists, as stated in the diagnosis, of eight to 
it differs widely from these in shape and in ~he 

twelve, usually about nine, narrow, ·erect 
·apparent eonfiguration of the upper portion. "leaves" or members 3.5 to about 4.5 centi-
Its nervation is also much stronger. d · h 

Viburnum· eras sum is also of the type of V. meters long and 6 to 1 0 millimeters wi e In t e 
· middle. They are ::.lightly narrowed to' the 

marginatum Lesquereux z (or . Platanus mar- sessile base where they are in contact, though 
. ginata as it is often called)' but it is a much evidently . perfectly free from each other., 

thicker leaf with stronger nervation and more- ·Above they are narrowed to a very slender. 
over appears to differ ·essentially in the out- acuminate P9int, usually somewhat incurved. 
line of its apical portiorr. The segments are thick and 'leathery, if not 

Occurrenc~: Trinidad sandstone. (Creta- . indeed woody, and are traversed dorsally by a 
ceous); 1 mile. south of Raton, N. Mex., col-
lected by W. T. Lee (5145). · 

Viburnum sp. 

Plate XLIV, figure 3. 

·The collections from Coal Creek (Rockvale) 
include a small fragmentary leaf that was 
described in manuscript by Lesquereux as a 
new species of Ficus, but that appears to me to 
belong rather to Viburnum. The. only speci­
men noted (fig. 3) is too fragmentary for proper 
characteri~ation, though 'it is perhaps sufficient 
to permit its recognition should it ·again be 
found. It ·was apparently broadly ovate in 
general shape, about 4 centimeters long and 
about 3 centimeters wide, and was possibly 
slightly unequal-sided. The margin is irregu­
larly dentate, the teeth being scattered and low. 
The midrib is uimsually strong, with about six 
pairs of secondaries,_ which· arise at an acute 
angle and either enter the teeth or supply a 
series: of bows which in turn supply the teeth. 

·The nervilles, which are very prominent and. 
strong, are very oblique to the secondaries. 

Occurrence: Vermejoformation (Cretaceous); 
Canon City field, Coal Creek (Rockvale), Colo., 

1 Knowlton, F. H., Flora of the Montana formation: U.S. Geol. Sur-
vey Bull. 163, pl. 19, figs. 1, 2, 1900. · 

2 Lesquereux, Leo, The Tertiary flora: U. S. Geol. Survey Terr. Rept., 
vol. 7, pl. 38! figs. I, 4, 1878. 

deep median furrow. Thme specim~ns, pre­
served in rather coarse sandstone, show very 
little trace of structure other than the .median 
rib; but specimens preserved in finer-gr~ined 
material, where the substance has been trans­
formed into a thick coaly layer, show a series of 
fine, approximately parallel lines at right angles 
to the median rib and extending between it and 
the margin. Faint traces. of this transverse 
marking may be noted, or perhaps imagined, 
even in the sandstone specimens, though it is 
doubtful if they would have been seen if atten­
tion had not been especially called to them by 
their observed presence in the coaly specimens. 
·It seems probable that these orgap.isms were 

terminal, for there is some evidence of the 
presence of a scar or point of attachment at the 
base, but no axis on which they might have 
stood has ever· been noted. They are cer­
tainly not leaves whorled around a stem, for 
had they been some trace of the stem should 
have been detected in some of the numerous 
specimens. It appears much more likely that 
they were capsular in nature, for if the no.w­
spreading segments were brought ~ogether they 

· would apparently make a tightly closed ''cap­
sule." The incurved tips of the segments lend 
support to this view, though no evidence of 
seeds nor of any interior. structure has been. 
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observed. If the segments were uniform in of ·matrix, and its several leaves do not lie in 
nu1nber in all specimens the argument for a the same plane. It. appears, however; as Les­
capsul~ would be strengthened; though lack of quereux supposed, that they were disp9sed in 
uniformity in this respect is ·not, of course, a a circle, possibly around a stem, though no 
fatal objection,. as many plants have capsules trace of a supporting axis is preserved. The 
with a varying number of segments. nervation of the segments or leaves in this 

These organisms were assuredlyveryrigidand specimen "is uncertain .. There is clearly a very 
resistant when entombed, for most of them have strong central rib or midrib and app.arently 
not been at all distorted. I have seen· a single about two thinner ribs or veins on .each side, 
piece of matrix less than 30 centimeters long but the remainder is obscure and more or less 
and perhaps 15 centimeters in the other dimen- l.n do~bt. The -leaves were evidently very 
sions, which conta~ned four of these organisms, thick and leathery, and the more or less wrin­
alllying in different planes and none showing kled surface shows numerous obvious joint 
much if' any distortion. As the matrix· is a checks, so that any actual nervation is difficult 
·fairly coarse grained sandst01~e this· rertention to make out. 
of fonn could not have occurred had it been Among the several lots of specimens from 
other than leathery or perhaps woody. A few the Raton Mesa region there is one fron1· the 
are somewhat flattened, but this is exceptional. McAnily mine near Walsenburg that consists 
Still more rarely isolated and detached seg- .of a· number of detached leaves or segments. 
ments are found. · Only ~hree or four leaves are preserved on any 

This organism has been s.hown to a number piece of matri."X:, but these seem to ar~se from a 
of botanists, in the hope that its affinities central· point, as in the other examples and as 
might be recognized, but the results are not in the type of Eriocaulon? porosum. The 
very satisfactory. To one it suggested _the leaves· in these Walsenburg specimens are rather­
flowers of Oalycanthus, and to another the. longer and narrower than common, and they 
fruit of Liriodendron or the flowers of Magnolia, appear, if anything, to have been thicker, as 
but none of these. suggestions can be seriously shown by the layer of carbonaceous matter re­
entertaineq.. It does, indeed, bear consider- 1naining in favored places. The midrib is very 
able resemblance to certain flowers of William- deeply impressed-channeled, in fact-and· at 
sonia, but this can hardly be considered more right angles to it there are minute parall~llines 
than an accidental resemblance, especially as connecting with the margin· .. It will be seen 
no trace of essential organs has been found. that these specimens appear to approach mos~ 

This'form has been supposed for a long time closely to Eriocaulon? porosum, and it may be 
to be identical with Eriocaulon? porosum Les- necessary ultimately to separate these speci­
quereux,t which was described originally from mens (from Walsenburg, C~lo.) and to place 
the Arapahoe or the Denver formation on Sand them directly with Lesquereux's species. 
Creek, in or near Denver, Colo., and was later The type specimens of Palaeoaster inquirenda 
obtained fr01n the Laramie formation of the are contained in a large CQllection from Alkali 
Denver Basin, the Book Cliff coal field, Utah, Gap in the Canon City field and are in associa­
and near Lay post o.ffice, in Routt County, · tion with an especially fine lot of leaves of 
Colo., the two latter localities being somewhat. Ficus leei. They have been fully described 
in question. and illustrated above. 

A careful comparison of all the specimens Occurrence: Vermejo -lormation _(Creta-
involved leads n1e to the conclusion that Les- ceous); types, Alkali (}ap, Canon City coal 
quereux's specin1en and possibly some of the field, Colo., 35 feet above the highest Iialy­
others are not conspecific and possibly not con- menites zone, collected by W. T. Lee (5775); 
generic. The type of Eriocaulon? porosum dtnnp of McAnily mipe, near Walsenburg, 
(U. S. Nat. Mus. 137) is preserved in a· piece Colo., collected by W. T. Lee (567(3). Raton 
of soft, :fine-grained clay and has been fairly formation (Tertiary); Bowen mine, locality 
well described and figured by Le~quereux. It 109, Colorado, a few feet above the basal con­
is partly wr3:pped arowid the end of the piece gl01nerate, collected by W. T. ·Lee (5794); 

locality 30, southwest of Koehler, N. Mex., in 
t Losquereux, Leo, The 'l'ertiary flora: U.S. Geol. Survey Terr. Rept., 

vol. 7, p. 106, pl. 16, figs. 2, 2a, 1878. slide rock. 
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Seedling plant? 

Plate XLIX, figure 4.· · 

In ·the material from. Cuatro, Colo., in beds 
belonging to the·lower coal group, ther~ was 
found the specimen here figured, which seems 
to belong .to a seedling plant. It has a rela­
tively long thick stem, or caulicle, as it should 
be called, if this interpretation be the correct 
one, bearing· ·at· the top two opposite, thic~ 
leaves or cotyledons, between which and con­
tinuing the axis of growth is what is in the po~ 
sition of, and apparently represents, the plu­
mule. The "cotyledons" are provided with 
short petioles, which are striqtly opposite in 
insertion, and each blade has a .midrib, the 
left. one with. a faint indication of several 
secondary branches. The stem (caulicle) is 
the thickest below and appears to split at 
the point where the "cotyledons" arise, the 

· continuing axis being much reduced in size: 
No ·attempt has been 'nlade to seek possible 

affinities for this plant, for if it rea1ly 'repre­
sents a seedling it is of the same general a p.;. 
pearance as very many dicotyledonous types , 
and could hardly be identified with any degree 
of certainty. 

Occurrence.: Vermejo formation (Cretaceous); 
Tercio Park,· at Cuatr.o, Colo., in the Vermejo 
formation, collected by W. T. Lee (5805). 

Phyllites aurantiacus Knowlton, n. sp. 

Plate L, figure 5. 

Leaf small, 4 centimeters long, 2.5 centime­
ters broad, coriaceous in texture, ovate or ovate­
elliptical, abruptly roun.ded to the .slightly 
wedge ... shaped base, obtuse at apex; . margin 
undulate; petiole snort, strong; nervatioiJ. ob­
scure, consisting of a thin. midrib and presum-: 
ably several p'airs of very·· thin seconda~ies, 

. which~ however, are so obsctired by the thick 
substance of the leaf as to be almost obsolete. 

This little leaf is so obscure as regard~ the 
nervation that it is impossible to compare it 
satisfactorily with de·scribed species; 

Occurrence: Vermejo formation (Creta~ 
ceous); 3 miles south of Walsenburg, Colo., 50 
feet below the top of Vermejo formation, col­
lected by J. H. Gardller (for G. B. Richardson) 
(5131), on the samestone with TViddringtonia? 
complanata. '· 

Phyllites leei Knowlton, n. sp. · 

. Plate XLIX, figure 8. 

Leaf of small size, ovate, abruptly wedge­
shaped at base, obtuse at apex; margin entire 
below, slightly cuneate -toothed above, the 
teeth. very low, obtuse; petiole relatively 
strong; midrib relatively strong ~elow; much 
thinner _above; secondaries three pairs, the 
lowest arising at the base of the blade, produc~ 
ing a three-ribbed ap.pearance~ running up for 
a long distance; nerv:illes strong, mainly un­
broken. 

This little leaf, which is 3.5 centimeters long 
and 2.25 centimeters wide, is regularly ovate 
in shape, with a very· abruptly wedge-shaped 
base and obtuse apex; the margin is very ob­
scurely toothed from a point· well above. the 
base. 

Occurrence: V ermej o formation (Cretaceous); 
dump of McAnily mine, Walsenburg, Colo., col­
lected by W. T. Lee (5676). 

Phyllites nanus Knowlton, n. sp. 

Plate L, figures 3, 4. 

Leaf ·small, ovate, broadest at about the mid­
dle, thence about equally tapered to both base· 
and apex; margin entire; petiole short (6 
millimeters); midrib relatively strong, straight; 
secondaries four pairs, the lowest pair arising 
at the base of the blade, producing a pseudo­
trinerved appearance, others remote, suboppo­
site, at an angle of 45°, slightly curved up­
. ward, all apparently craspedodrome, or effaced 
j11:st below· the margin; finer nervation not 
preserved. 

Occurrence: Vermejo formation (OTetaceous); 
collected by W. T. Lee~locality 125, west of 
Vermejo Park, N. Mex., near middle of the 
Vermejo formation (5809); locality 129, San 
Francisco Pass, N. Mex., at base of Vermejo 
formation (5806), with Tellina scitula Meek 
and R,ayden and Pa.nopaea? sp. 

Phyllites populoides Knowlton, n. sp. 

Plate L, figures 1, 2. 

Le~ves firm in texture, orbicular or orbicular­
ovate~ rounded and obtuse above, truncate or 
slightly }leart-shaped at base;. margin entire or 
very slightly undulate; nervation rather light, 
three ribbed from the extreme base of the 
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blade, the midrib being perfectly straight and 
the lateral ribs starting at an angle of about 
45 ° and running thence nearly straight to the 
margin, each with three or fC)ur secondary 
branches on the outside, the midrib with three 
or four sub9ppos!te secondaries; all secondaries 
and their branches apparently craspedodrome; 
norvilles numerous, mainly unbroken. 

This species is represented by three or four 
speciwens, none of which, however, is very well 
preserved. The smaller of the two specimmis 
figured was about 6 centimeters in length an·d 
7 centimeters in width; the larger is of un­
known length and about 8 centimeters in width. 

Occm·rence: Vermejo formation (Cretaceous); 
Tercio, Colo., south wall of gap ne~r top of 
Vermejo formation, collected by W. T. Lee 
(5804). 

Phyllites protophylloides Knowlton, n. sp. 

Plate L, figure 6. 

Leaf firm in texture, outline unknown but 
apparently narrowly ovate or ovate-lanceolate, 
deeply heart-shaped or almost perfoliate at 
base, the basal lobes broadly rounded; margin 
entire so far as known; midrib thick and strong; 
secondary thin, irregular, at a low angle, about 
three pairs approximate at tho base, one pair 
at right angles, the lower pair supplying tho 
basal lobes; all S<;}condaries camptodromo form­
ing broad loo·ps far within the margin; nervilles 
strong, mainly broken. _ 

This. species is represented by throe or more 
specimens, but none of them shows more than 
what is probably the basal third_ of tho bla"do; 
hence tho length can. i1ot be satisfactorily 
estimated; the width is about 3 centimeters. 
The characters derived from the basal portion­
including outline ·and nervation-are so pecu­
liar in this species that it will probably not be 
di:flicult to recognize in future. 

I have been constrained to give these loaves 
the .nondescript name Phyllites because of the 
uncertainty, with. the fragments at hand, i1i 
fixing the genus. In many respects they are 
strongly suggestive of .certain of the Dakota 
sandstone species of Protophyllum, such for 
example asP. praestans Losquereux,t though of 
com'Se in size and character of margin they are 
very different. In nervation and the basal 
arrangoment of the secondaries they a_re not 

1 J_,csquoroux, !.eo, 'Phe flora of the Dakota group: U. S. Gaol. Survey 
Mon. 17, pl. 41, fig. 2, 1872. · 

unlike other species of -Protophyllum, but under 
the circumstances it seems best to put them 
under Phyllites until the full characters can be 
ascertained.· . 

Occurrence: Vermejo formation(Cretaceom::); 
Canon City field, Rockvale, Colo., Newberry 
collection, probably made by George Hadden. 

~hyllites rosaefolius Knowlton,. n. sp. 

Plate XLIX, figure 7. 

Leaf very small, obovate, broadest well above 
the -middle, whence it is rounded to the acute 
apex and downward to the wedge-shaped base; 
margin entire; midrib very slm~der, straight; 
secondaries about six pairs, opposite, very slen­
der, at a low angle, apparently camptodrome 
but very obscure. · 

This little leaf is regularly obovate in: shape, 
being about 3.5 centimeters in length and a little 
less than_2.5 centimeters in width. The nerva­
tion is almost effaced and its full details are 
made out with difficulty; apparently it con­
sists of a slender, straight midrib and about six 
pairs of opposite or subopposite· thin, ap-

-parently camptodrome secondaries. 
Occurrence: Vermejo formation (Cretaceous); 

locality 125, west of Vermejo Park, N. Mex., 
near middle of Vermejo formation, collected by 
W. T. Lee (5809). 

Phyllites sapindus Knowlton, n. sp. · 

Plate L, figure 7. 

Leaf evidently very thick in texture, ellip­
tical or elliptical-lanceolate in general outline, 
strongly unequal sided at base, being abruptly 
ro:unded on one side and long and wedge-shaped · 
on the other; apex destroyed; margin perfectly 
entire; petiole strong, 2 centimeters long; mid­
rib strong, especially below; secondaries strong, 
about five or ·six_ pairs, very irregular, emerg­
ing at various angles; those on the broad side of 
the leaf ranging from 10° to 45°, those on the 
narrow side at about 45°, all strongly campto­
drom~, each joining the one next above, usu­
ally with large loops; finer nervation not pre­
served. 

This is a peculiar leaf. · It lacks only the 
apical portion, a portion .evidently not great in 
extent, and was probably ~bout 10 centimeters 
in length when complete and is 3.5 centi-. 
meters in maximum width. It may readily 
be recognized by its mark~dly unequal-sided 
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blade with strong petiole and midrib and strong 
camptodrome-arched secondaries. -

I do not recognize the atfinities of the leaf. 
Diospyros haguei KnowltonJ 1 from breccias of 
Fort Union age ,in the Yellowstone N atiOllal 
Park, somewhat resembles it but differs in 
being smaller (only 7 centimeters long ~nd 
3.3 centimeters wide), more nearly elliptical in 
outline, and not at all unequal at base. The 
thick petiole and midrib and irregular method 
of· branching and looping of the secondaries 
Is very similar in both. forms, which may be 
generically but .obviously are 'not specifically 
related. If this is the habitu'3.l form of the 
leaf-:-and there is no evidence that it is dis­
torted-it. should prove a good horizon marker. 

In some ways the leaf also suggests Sapindus,· 
but if it belongs to that genus it. should, of 
course, be considered a leaflet. 

Occurrence: Vermejo formation (Cretaceous); 
locality 125, west of Vermejo Park, N. Mex., 
near the middle of the Vermejo formation col-
lected by W. T. Lee (5809Y. · · 

Phyllites vermejoensis Knowlton, n. sp. 

Plate. LII, figure L 

Leaf membranaceous in texture; orbicUlar .in 
outline, about equally rounded to both base 
and apex; margin entire; midrib relatively 
strong, straight; secondaries four pairs, alter­
nate, middle ones forked, all camptodrome, 
finer ~ervation obsolete. 

This little leaf, the _only one of the kind 
observed, is nearly perfect. It is a little over 
4 centimeters in lepgth and a little over 3 .. 5 
centimeters in width. . 

Occurrence: Vermejo.formation (Cretaceous); 
locality 124, Spring Canyon, Vermejo Park, 
N.Mex., at the top of the Vermejo formation, 
collected by W. T. L~e (5240). · 

Phyllites walsenburgensis Knowlton, n. sp. 

Plate LL. 

Leaf large, ovate-elliptical, truncate at base 
(apex and margin unknown), petiole long, 
slender; nervation strong, pinnate, consisting 
of a relatively thick midrib and about 8 or 9 
pairs of sec·ondaries, the three lowest .pairs 
arising very close together near the base of the 

1 Knowlton, F. H., Fossil flora (Yellowstone Parkj: U.S. Gaol. Survey 
Mon. 32, pt. 2, pl. C, fig. 3, 1899. 

blade, whence they radiate outward, the middle 
. and upper pair of the three with several ter­
tiary branche~ on the outside; upper seconda­
ries parallel, opposite, at an angle of about 45°, 
straight, apparently craspedodrome. 

· This large leaf is unfortunately so poorly pre­
served that it can not be· satisfactorily deter­
mined and is pres~nted simply to call. attention 
to the fact that a large, long-petioled leaf is 
present at· this horizon. It was probably 16 
centimeters or more in length and 12 centi­
meters or more in width. The petiole is pre­
served for 3.5 centimeters. 

Occurrence: Vertnejo formation (Cretaceous); 
dump of McAnily mine, Walsenburg, ·Colo., 
collected. by W. T. Lee (5676). 

Phyllites castalioides Knowlton, n. sp. 

Leaf large, evidently membranaceous in tex­
ture, outline unknown, apparently broadly 
ovate, very ·deeply heart-shaped at base, the 
lob~s possibly overlapping; leaf nine ribbed, 
the ribs or veins all arising at the same point 
.and about equally dividing the blade into the 
s.everal areas; midrib and next pair strongest, 
the former with several pairs of strong, alter-. 
nate, remote secondaries; second pair about 
at right angles to the· midrib, the other pairs 
successively smaller, supplying the basal lobes; 
finer nervation opsolete. 

It is unfortunate that this leaf is not suffi-· 
ciently well preserved to permit a more satis­
factory diagnosis, for it is the only one observed 
and was evidently of large size and striking 
appearance. The <;mly portion of the margin 
retained is a small part of the basal lobe, where 
it appears to be entire. There is some evidence 
to show that the remainder of the blade above 
the basal portion was deeply lobed, but the 
preservation ·is so poor that this feature is 
uncertain. The width of the blade at the base 
exceeded 12 centimeters, but it is quite impos­
sible to forln an accurate idea as to the total 
length. 

The affinity of this leaf is of course uncer­
tain, as it is so poorly preserved that important 
characters can ·not be made out. At first 
sight the numerous ribs and deeply lobed base 
·suggest Castalia, but critical features that 
would prove this reference are obscure. It is 
a~o very suggestive of certain species of Ficus, 
for example, such as F. speciosissima Ward, 
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and other deeply heart-Shaped leaves, but the 
number and disposition of the ribs make· this 
reference questionable; It has some resein­
blance to the genus Menispermites but hardly 
sufficient to warr~nt placing it undo~ this 
heading. On the whole it seems. best to put it 
under Phyllites until better material can. be 
obtained. It is evidently easily recognizable 
and so shnuld furnish a valuable stratigraphic 
marker. 

Occurrence: Vermejo formation (Cretaceous); 
Canon City field, Rockvale, Cplo., Newberry 
collection, probably made by George I-Iedd_en. 

Phyllites ratonensis Knowlton, n. sp. 

Plate LUI, figures 1, 2. 

Leaves thick in texture, obovate or slightly 
obovate-elliptical in outline, obtus"ely wedge­
shaped at base, abruptly rounded ahove to a 
low, obtuse point; margin perfectly entire; 

petiole long (5 ce~timeters), thick, and strong; 
1nidrib very strong, somewhat flexuose; second- . 
ary nervation· somewhat irregular, in some 
specimens with three or four pairs, th.e lo,vest 
pair arising with the midrib at the top of the 
petiole·,. in other specimens strongly irregular 
and alternate; upper secondaries mainly alter­
nate, apparently campto,drome; lower second­
aries with several bra:t;J.ches on the outside. 

This species is represented by several speci­
mens, not all, however, being very well pre­
served. The. best (fig. 1) has the petiole 
preserved for 2.5 centimeters. Its blade is 
8.5 centimeters long and about 5 centimeters 
wide. The other figured specimen is larger, 
having a. blade about 10 centimeters long and 
nearly 6 centimeters wide and a petiole fully 
5 centimeters long. 

Occurrence: Trinidad sandstone (Cretace­
ous)'-; 1 mile south of Raton, N.Mex., collected 
by w. T. Lee (5145). 
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PTERIDOPHYTA. 

Order FILICALES. 

Family POLYPODIACEAE. 

Dryopteris? cladophleb.oides Knowlton, n. sp. 

Plate LIV., figure 1. . 

Outlina of frond unkno~n, pinnae linear, 
slender, cut nearly to the rachis into numerous · 
small, confluent, o~long, or ovate-lanceolate, 
obtuse, or somewhat acute pinnules · mid vein 
of pinnules strong, straight; nervatio~ obscure, 
apparently consisting -of several pairs of thin 
forking branches. . 

. These fragments are too indistinct tow arran 
figuring. . 

_Occurrence: Raton formation (Tertiary), 
mine No. 5, locali.ty 85, Yankee, N. Mex., col-
lected by W. T. Lee (5137). · 

Pteris erosa Lesquereux. 

This is 6ne of the species supposed to occur 
in both Raton and Vermejo formations. (See 
p. 244.) . 
Occ~ence: Raton formation~ (Tertiary), 

type, Fishers Peak, Raton Mountains, Colo., 
collected by F. V. Hayden:, 1867. 

Pteris russellii Newberry. This species is represented by several frag­
~entary .Pinnae, the best preserved of which 
IS figured. As this specimen is about 7 centi..: The status of .this· species is not settled. Its 
meters in length and 1.5 centimeters in width, t:ype locality is Vermejo Canyon, N. Mex., in 
and as, though both ends are broken, it" shows beds now thought probably to belong to the 
little or no diminution in width, it is probable Vermejo formation. It was not found in any 
that it was: not much if any under 10 centi- ··of the recent collections, in either the Rato·n 
n1eters in length when perfect. The pinmiles Mesa or Canon City fields, though Newberry 1 

do not seem to be the same shape on the two states that he has had it from Walsenburg, 
.sides of the rachis, though this appearance Florence, and .Golden. As the exact· locality 
may be due· in part to distortion. On the at Walsenburg is not known it might have been 
one side they are short, oblong, obtuse and in either the Vermejo or Raton formations. 
slightly cyathiforrri, and ·on the other side they The Florence locality, if correctly stated 
are lanceolate and very acute :with ·no upward should be in the Vermejo forma~ion. Th~ 
turn at the tips. The nervation with the Golden locality. might be in either the Laramie 
exception of the r~ther thick midrib is obs·cure or the Denver formation. 
and difficult of discer~ent; it--appears t~ be The only time I hav~ seen this species was 
thin -and once forking. . ·. in a collection made by Lee, 4 miles southeast 

O~currence:_ Raton formation (Tertiary); of Palisades, Colo., in beds belonging to what 
TerCI6, Colo., about 200 feet above the. top of has been designated the Paonia shale member 
the basal conglomerate of the Raton formation . of the Mesaverde formation, wb.ich in. the 
~ollected by W. T. ·Lee (5803) ou same ston~ ~iter's opinion corresponds approximately .to 
with Oreodoxites p.Zicatus. the Raton formation, being above an uncon-

· · JDryopteris? sp. 

In one of the ·small collections from. the 
vicinity of the Yankee mine, near Raton, there 
are several fragments of a small fern .that are 
referred provisionally to the genus Dryopteris. 
The pinnae are lanceolate, more than 6 centi­
meters long and 2 centimeterS ·wide· at .ba8e, 
cut nearly to the rachis into numerous, proxi­
mate, scythe-shaped, acute pinnules, in which 
only a strong central nerve Is preserved. 

28~ 

formity in that region. 
. Occurrence: Raton formation~ (Tertiary) 

apd Vermejo formation? (Cretaceous). 

Pteris linearis. Knowlton, n. sp. 

Plate Liv,· figure 3. 

Outline of frond unknown, at least once 
pinnate; main (?)rachis strong, .ridged; pinnae 
alternate, sessile, linear in shape, slightly nar-

.1 Newberry, J. S., The later extinct floras of North America: U. S. 
Gaol. Survey Mon. 35, p. 7, pl. 61, figs. 1, 1a, 1898. 
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rowed at base, entire margined, apex prob­
ably abruptly acuminate; mid vein exceedingly 

· · strong, strongly thref? grooved; veins regular, 
nearly. at right angles to the midvein, appar­
·ently once forked at or just above the midvein. 

TI:Us species is represented by half a dozen 
·or more specimens, but unfortunately all are so· 
fragmentary-being for the most part only 
fragments of pinnae-that· it is impossible to 
form an adequate idea of the perfect frond. 
·Tho specimen figured is in some respects the 
best, for it shows portions of three pinnae ap­
proximately in place, one being still attached 
to the rachis. The pinnae are narrowly linear 
in shape, being only slightly narrowed to the 
:sessile base. The length of the pinnae was at 
least 9 or 10 centimeters, and the width of the 
frond must have been about 20 centimeters 
(if si1nply once pinnate); the width is 11 or 12 
millimeters. No specimen has the apex pre­
served, but as the largest shows no ·diminution 
in width it is to be presumed that it was ·rather 

-abruptly acuminate. The nervation is not 
·well preserved, but so far as can be made out 
the ·veins fork once at or near the mid vein; 
they emerge nearly at a right angle with the 

. nlidvein and run straight to the margin. 
Occurrence: Raton formation (Tertim:y) ; 

floor of Fishers Peak mine, Fishers Peak, 3 
miles southeast of Trinidad, Colo., collected by 
·G. B. Richardson's party (5099). 

Asplenium? primero Knowlton, n. sp. 

Plate LIV, figure 4. 

Frond broadly hu1ceolate in general outline, 
twice pinnatified; pinnae alternate, approxi­
matei the lower ones lanceolate, the middle. and 
upper ones linear, all decunent on the rachis; 
lower pinnae deeply cut into numerous acute 
"teeth, these becoming less' and less marked 
·until in the upper part they are merely slight 
indentations or· at the extreme tip are wholly 
.absent; nervation relatively simple, consist­
ing of a strong midrib or secqndary rachi~ in the. 
pinnae, from which arise secondary branches 
passing to the tips of the segments or teeth, 
·each o£ these again with from two to four pairs 
·Of simple branches. · . 

This is ·a handsome fern of which, unfortu­
nately, only the specimen figured was obtained. 
·r_rhe size and outline of the whole frond is not 
known, but, assuming from the example 
_present that it is complete, it was broadly lance-

olate in shape and twice pinnate. The length 
is 10 centimeters and the Width approximately 
4 centimeters at the broadest point, whence it 

· tapers to an acuminate apex. The outline of 
the pinnae and the simple nervation are well 
shown in the figure. 

In the absence of fruit SOIJ?.e uncertainty 
attaches to _the generic reference for this fern· 
In its .. general aspect it resembles .Asplenium, 
and among living species it finds a very close 
approximation in outline and type of nerva­
tion to Asplenium lineatum Swartz, from 
Malacca, and it is re.ferred provisionally to this 
genus. 

No American fossil species hitherto ~escrib~d 
seems very closely related to the present 
species. 

Occurrence_: Raton formation (Tertiary); 
dump of mine at Primero, Colo., collected by 
W. T. Lee (5798). 

Family SCHIZAEACEAE. 

Anemia occidentalis Knowlton, n. sp. 

· Plate LIV, figure 2. 

Frond at least onee and probably twic~ 
piruiate, apparently triangular:-lanceolate . in 
general out~ne; rachis slender, ridged; pin­
nules alternate, usually 'remote, strongly de­
current, at an angle of about 60°, long linear- .. 
lanceolate; slenderly acute 'at apex, slightly 
narrowed at base, the margin cut by numerous 
strong,· sharp, upward-pointing teeth, these 
diminishing toward the apex and in the upper 
pa:r:t of the frond; mid vein relatively strong, 
grooved; veins at an acute angle, numerous, 
close, parallel, forking once just above the base. 

Ferns of the type u~ually referred by paleo­
botanists to the genus Anemia are of wide­
spread vertical and geographic range in this 
country, and especially in the Rocky Mountain 
region, but are usually represented in ~ollec- . 
tions by few examples from· one locality and 
most frequently by specimens of small E'ize­
that is, it is rather rare to find specimens 
which show the full size ·and general habit, 
perhaps the majority consisting of single or ·at 
most of only a few associated pinnules. It is 
with some hesitation that the present form is 
described as new, but the C<?nviction has been 
growing of late that too diverse forms have been 
crowded into the few thus fa.r named species, 
with the result that none seemed to have n1uch 
geologic value. It must be confessed, however, 
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that the differences that could be made out that two species hav~ been confused by. New-: 
from the material available are not great, a berry, for certainly the plants shown on his 
fact that accounts for the unsatisfactory status Plates XV and XVI are not conspecific· with 
of many species of the genus. these shown on his Plate·LXIIL The localities.· 

The present species is based on material from whence he obtained ];lis specimens are not defi-­
four localities, though only one has more than nitely stated, though presumably the originals. 

· a single example. The largest and in some re- · of ;plate LXIII are the Washington specimens. 
spects the best specimen (fig. 2) shows a frond From these Anemia occidentalis differs mark-­
at least 15 centimeters long.and more th.,an 20 edly, for though some of its pinnules are cut into­
centimeters wide, which would seem to indi- prominent teeth they are never cut into definite· 
cate that it .was much larger than the portion lobes, each with its sel?arate mid vein and dis­
shown., The lower pinnules preserved were tinct nerv.ation. The figures on Newberry's. 
about 12 centimeters in length and about 1.5 Plates XV and XVI are not greatly unlike A. oc-­
centimeters in width; the upper ones are of cidentalis, but·theyappeartorepresentathicker,. 
course shorter and narrower. The nervation coarser plant with more prominent teeth and 
is- very ~ b~curely preserved in this specimen, stronger nervation.. They must certainly _be· 

. though faint indications can be made out. kept apart from A. occidentalis until more A~ 
Another specimen, nearly as large, is not perplem material is available for comparison. 

figured. It is a fragment about 12 centi- In habit A. occidentalis is similar to the abun-­
met~rs long and a ,little more wide, evidently dant English form referred by Gardner and 
from the upper portion of a frond_ that could Ettingshausen to Anemia subcretacea, but it is. 
hardly have been much under 30 centimeters apparently larger,· has more prominent teeth, 
in length. It well shows the erect, strict na- and a nervation which springs- from the cen-­
ture of the frond and the strongly decurrent tral rachis of the pinnules. The English forms. 
form of the pinnules. Fortunately the nerva- were regarded by Newberry as similar to or at. 
tion is quite well_ preserved .in this. specimen. most. only varietally different from A. perplexa. 
It consists of a strong grooved midvein or Occurrence: Raton formation (Tertiary) ;near· 
secondary rachis with the nunierous, close, locality 106, Colorado (sec. 9, T. 33 S., R. 64 
_parallel, once-forked and acute~angled veins. W.), collected by W. T. Lee (5697); 4 miles-

The two other' specimens which have not north of Trinidad, Colo., near locality 109, 200, 
been figured are of single pinnules and .show feet above the lowest bed of coal, collected by· 
the nervation well preserved. - G. B. Richardson's party (5102); Riley Canyon,. 

Anemia occidentalis is perhaps most closely 2 miles above Cokedale, Colo., collected by G. 
related to and in· the past has undoubtedly B. Richardson's party (5103); Honeyfield mine· 
been most frequently identified· with Anemia near Yankee, N. Mex., collected by W. T. Lea. 
perplexa Hollick.1 The name Anemia per- (5140). 
plexa was substituted .by Hollick for Sphenop-
teris (Asplenium) elongatum Newberry, 1863, 

SPERMATOPHYTA. 

which was -held to be preoccupied by t4e liv-
ing Asplenium elongatum Swartz, 1806. ·The 
species. is the same as- Anemia subcretacea 
(Saporta-) Gardner and Ettingshausen, 1880 
(Asplenium subcretaceum Sa porta, 1868), and is 
probably the same as Gymnogramma haydenii 
Lesquereux, 1871 (1872). In late years it has 
been most widely known as Anemia subcretacea. 
It has been identified by Newberry from the 
Cretaceous of Or cos Island, Bellingham Bay, 
Wash., from the Laramie format~on at Erie, 
Colo., ·and from the Montana group at Point of 
Rocks, Wyo. It seems probable, however, 

1 Newberry, J. S., op. cit., p. 3, pl. 15 (figs. 1, 1a), pl. 16 (fig. 3), pl. 63 
(figs. 1-4). 

Class ANGIOSPERMAE. 

Subclass MONOCOTYLEDONAE. 

Order NAIADALES. 

Family ALISMACEAE? 

Genus ALISMAPHYLLITES Knowlton, n. gen. 

Stems thick, fleshy, longitudinally striate~. 
covered by the more or less sheathing bases of 
the fleshy, aerodrome leaves. · 

Alismaphyllites crassifolium Knowlton, n. sp. 

Plate LV, figure l. 

Leaves evidently thick and somewhat fleshy,. 
variable, from elliptical-lanceolate to_spatulate­
lanceolate, obtusely acuminate at apex, nar­
rowed· at base and apparently sheathing the. 
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stem; nerves all or nearly all arising at the 
base of the blade and there very close together, 
t~1en spreading and running quite to the tip of 
the blade. 

In . view of its evidently fleshy nature this 
specimen is reasonably well preserved. It con­
sists of a fleshy stem about 4 centimeters long 
and about 7 millimeters thick, with three leaves 
still attached and evidence of the existence of a 
fourth. The loaves appear to be sheathing or 
partly continuous with the stem. The nerves 
all arise at the base of the blade and are pressed 
closely together, those in' the middle continu­
ing close together and producing a kind of false 
midrib for more than half the blade's length, 
but one after another they spread off on the 
outside as the blade broadens, filling the blade 
with the nerves about 1 millimet~r apart. They 
all curve inward again and become closely ap­
proximated at the tip.· 

There .is considerable range in size among 
these loaves, perhaps· clue to age.· Thus the 
smallest is only 6 centimeters long and 2 centi­
meters broad, .and the· largest is almost 12 
centimeters long and 3 centimeters broad. 
Still another is 4 centimeters broad a~d prob­
ably at least 10 centime.ters·long. 

Occurrence: Raton formation (Tertiary); 
Fishers Peak mine, Fishers Peak, 3 miles south­
east of 'l'riniclacl, Colo., collected by G. B. 
Richardson's party (5099). 

Orde:~; GRAMINALES. 

Family POACEAE. 

Phragmites oeningensis Alexander Braun. 

Phragmites oeningensis Alexander Braun, in Stizenberger,. 
...... Uebersicht der Versteinel'Ungen des Grossherzog­

thums Baden, p. 75, 1851. 
Lesquereux,. U. S. Geol. Survey Terr. Ann. Rept., 

1871, Suppl., p. 13, 1872. · 

This species was reported by Lesquoreux 
from· Fishers Peak, Raton Mountains, but has 
not since been noted. · · 

Occm·ronoe: Raton formation (Tertiary); 
Fishers Peak, Raton Mountains, Colo., collected 
by F .. V. I-Iayden, 1869. 

Order ARECALES. 

Famil;v PALMACEAE. 

Of the many families that may be recognized 
among the fossil remains in the area covered by 
this report the Palmaceao is perhaps the most 
abundant and .widely distributed. Remains of 

palms are present in the collections from 40 to 
50 localities, distributed from one end of the 
field to the other, and accordmg .to Lee, who 
co·llectecl most of the material, the ·presence of 
a few fragments in a lot may not be by any 
means an indication of the relative abundance 
at that place. In fact, they were so abundant· 
that unless exceptionally fine speci.mens could 
be obtamed only enough to show their presence 
were usually collected. In certain coal·mines, 
such, for example, as the Sugarite mine near 
Raton, N.Mex., the roof for a considerable area 
is completely covered by masses of groat ·palm 
leaves, soine of which are practically complete 
ancl.unbroken. As these can rarely be removed 
without serious breakage·, recourse should be 
had to photographing them in place. 

With such a wealth of available material it 
was ·presun1ed that the obvious confusion that 
had existed could be reduced to some sort of 
order. The result, however, is son1ewhat 
disappointing, for ·only one pinnate specie~, 
represented by less than half a dozen exa1nples 
from a single locality, was found, all the rest 
belonging to the palmate type, and, as is 
.well. known, comparatively few palmate-leaved 
pahns have leaf characters that alone serve 
for satisfactory differentiation. However, as 
the ·leaves are almost the only parts preserved 
the best must be made of the material avail­
able, and careful study has shown that n1ost 
specimens possess SOiile characters which ally 
them n1ore or less conclusively to living genera. 

Oreodoxites plicatus Lesquereux. 

Plate LXIII, figure 1. 

Oreodoxites plicattLS Lesquereux, U. S. Geol. Survey 
Terr. Rept., vol. 8 (Cretaceous and Tertiary floras), 
p. 122, pl. 18, figs. 1~, 1883. 

In one· of the collections from Tercio, Colo., 
fr01n about 200 feet above the conglon1erate, 
there is a single fragment that appears with 
lit.tle doubt to belong to this well-~own Denver 
species. It is from .the basal portion of a 
leaf and is indistinguishable in character from 
Lesquereu."'{'s figure 2. The fragment is, per­
haps, too in1perfect to be worth figuring, for 
it can ad4 nothing to what is already known. _ 

Occurrence: Raton formation(Tertiary); Ter­
cio, Colo., about 200 feet above the top of the 
basal conglon1erate of the Raton forn1ation, 
collected by W. T. Lee (5803). Denver forma­
tion (Terti'ary); Golden, Colo. 
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Sabalites grayanus (Lesquereux) Lesquereux .. 

· Sabal grayana Lesquereu:X, Am. Philos. Soc. Trans., .vol. 
13, p. 412, pl. 14, figs. 4-6, 1869. . 

Sabalites grayamts (Lesquereux) Lesquereux, U. S. Geel. 
Survey Terr. Rept., vol. 7 (Tertiary flora), p. 112, 

· pl. 12, figs. 1, 2, 1878. 

. This species. was described originally from 
the "Eo-lignitic" (Wilcox group) of Missis­
sippi, and according to . Berry has been found 
at several localities in the Wilcox group. It 
is undoubtedly closely related to what has 
usually been called · Flabellaria eocenica Les4 

quereux, a species found .first at Black Buttes, 
Wyo., and subsequently in the Denver fornl·a-

. tion at Golden, Colo. What is believed to be 
this species has been detected at two localities 
in the Raton :Mesa area. · 

Occurrence: ·Raton formation (Tertiary); 
west side of Dillon Canyon, near Blossburg, 
N. Mex., collected by W.· T. Lee (5147); hill~ 
side just west of south entrance to Raton 
tunn~l. 6 miles north of Raton, N. Mex., col­
lected by F. H. Knowlton (5464). 

Sabal inquirenda Knowlton, n. sp • 

Plate LVI. 

Leaves rel~tively sniall, probably 1.5 meters 
or less iri diameter, palmate, with 40 .to 50 
folds which are much compressed at the 
point of attachment and rapidly widen out­
ward (apex not known) ; petiole Unarmed, 
rounded both above and below; or at least. 
not conspicuously concave . above; about 2 
to 3 centiineters.broad; apex of petiole rounded 
on-the upper side of the leaf and prolonged on · 
the under side into a spine or ''n1idrib" 6 to 
12 centimeters _in length. 

This species has, with the exception of 
Sabal? rugosa, the smallest leaves of any of the 
forms here differentiated, the diameter being· 
probably little if any in excess of a meter. 
The rays are in the n1ain small, crowded, and 

. flat, in which respect they. differ fro'm those 

. of 8. rugosa. The petiole, as -it enters· the 
base of the blade, is w-ell shown in the plate. 

Occurrence: .Raton forrp.ation (Tertiary); 
Sugarite inine, 4 miles northeast of Raton, 
N. Mex., collected by F. H. Knowlton, 1909 

· (5467); Old "\IV f-Lgon mine, 4 miles northeast of 
Raton, N. Mex., collected by Vf. T. Lee, 1908· 
(5143). 

Sabal? rugosa Knowlton, n. sp. 

Plate LVIII. 

Leaves . of small size, 1 meter or 'less in 
diameter, palmate,'truncate at base, with about 
. 40 rays or folds; petiole about 2 centimeters 
·broad, unarmed, not grooved nor ridged, 
obtuse on the upper side; the rays nearly all 
arising from it, on the lower side prolonged 
into a short point about 8 centin1eters long. 

This species is well represented by the two· 
fine examples, which fortunately represent both 
upper _and lower surfaces, thus showing the 

_apex of the petiole above and below and· 
_ the character of the rays and their insertion . 
The rays are very strongly folded and ha;e 
sharp keels, whence the local name of "fossil 
washboards," by which they are known to the· 
miners. Aside· from the strong midrib or keel 
to the folds the nervation· is not preserved. 

Tllis species is not likely to be confused with 
either of. the forms described and figured in thi.s 
report, being perhaps Iiearest to· Sabal? in­
quirenda as regar~s size but differing from it in 
its fewer rays, their more strongly plicate 
chara9ter, and in the. details of the apex of the 
petiole. Froin Sabal? ungeri it differ~ in having 
only forty instead of from eighty to ninety rays 
and in the mucl~ shorter extension of the petiole 
on the lower side. 

. The present form approaches most closely to 
what Lesqll.ereux1 has called Flabellari·aeocenica,· 

. from the Denver formation of the Denver Basin; 
Colo.; and the Black Buttes coal group of Black 
Buttes, Wyo. (regarded by the author as· of 
post-Laramie age); in f~ct, it is probable that 
no great harm would be done if the two were. 
combined. Lesquereux's type specimens are 
fragments showing the apex of the petiole in 
both upper and under surfaces and the origin of . 
the rays. No .good characters ·can be observed 
in· these parts which will serve to separate it 
fromS. rugosa; the outer extensions of its rays~ 
however, are described as being very fla~ and 
open, .whereas in S. rugosa they are strongly 
compressed even near the tips. The nervation 
inS. rugosa is obsolete, so these features in the 
two fo_rms cannot be compared. It is therefore 
best to keep them separated until absolute proof 

1 Lesquereux, Leo, The Tertiary flora: U. S. Geol. Survey Terr. 
Rept., vol. 7., p. 111, pl. 13, figs. 1-3, 1878. 

• 0 
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of their identity is forthcoming, as it will be 
very easy to combine them at any time in the 
future. 

Occurrence: Raton formation (Tertiary); 
locality 85, near Yankee, N. Mex. (sec. 29, T. 
S2 N., R. 25 E.), collected by W. T. Lee, 1909 
(5142). 

Sabal? leei Knowlton, n. sp. 

Plate LX. 

Leaves of large size, probably nearly or quite 
two n1eters in longest diameter, wedge-shaped 
at base, then palmately spreading; petiole very' 
strong, .unarmed and unkeeled, S.5· cen,timeters 
broad, narrowed from the base of the blade and 
p1:olonged above i11to a long slender point 25 to 
30 centimeters in length; rays or folds very 
numerous, about :fifty or si...-x:ty on each side.,of 
the prolonged mich·ib or petiole, arising at· an 
angle of about 45°, and only 2 to .4 mlllimeters 
wide at the point of attachment; margin not 
seen but widest folds preserved are about 2 
centimeters. 

'This species, which I have ventured to de­
scribe as new, is well represented by the single 
example figured. . It was clearly a leaf of large 
size, t>eing probably not much, if any, under-2 
meters in length. The part ·exposed is thought 
to be the under (outer) side-that is, the side 
away from the axis of growth. The petiole was 
rounded and unarmed and unkeeled. 

This species appears to differ from all the 
other examples in the collections by ~ts mark­
edly wedge-shaped base and by its. extremely 
numerous~ narrow, compact rays, which arise· 
at an angle of about 45°. · It is some'Y:hat 
difficult to count the number of rays, but there 
appear to be :fifty to sixty on each side, or 100 
to 120 for the whole leaf. 

Occurrence: Raton formation (Tertiary) ; 3 
miles southeast of Walsenburg, Colo., and one­
eighth of a mile northeast of Rockland mine, 
locality 120, on north side of Cucharas Canyon, 
collected by W. T. Lee (5679); Canadian Canyon 
near mouth of Jones Canyon, Raton field, 
N. Mex., collected by G. B. Richardson's party 
(5235); about 3 miles north of Trinidad, Colo., 
near locality 109 (5094). · 

47019°--17----19 

Sabal? ungeri (Lesquereux) Knowlton, n. comb. 

Plates LVII, LIX. . 

Sabal campbelli Newberry (in part), Boston Jour. Nat. 
Hist., vol. 7, p.· 515, 1863. , . 

. Sabal campbelli Newberry. Lesquereux, Illustrations of 
Cretaceous and Tertiary plants, pl. 10, U. S. Geol. 
and Geog. Survey Terr., 1878. 

Geonomites ungeri Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. ll8, pl. 11, fig. 2, 
1878. 

Sabal grandifolia Newberry, U. S. Geol. Survey Mon. 35, 
p. 28, pl. 63, fig. 5 (not pl. 25 or pl. 24, figs. 2, 2a), 1898. 

·Leaves of large size, probably 2.5 to 3 meters 
in diameter, with seventy to ninety folds; 
petiole 3 to 4.5 centimeters wide, flat, or slightly 
ridged above but without a keel above or below; 
margins of petiole unarmed, ter~ating on the 
upper side in an arch from which the folds 
radiate ; on the underside prolonged in to a spine 
or midrib .15 to 20 centimeters or more in 
length. 

'):'he above description !s with some essential 
modifications that given by New~eny for his 
Sabal grandifolia, of which -he figured one speci.,. 
men fro¢ the Fishers Peak region. Whether 
or ·not the other specimens figured and de­
scribed by Newberry under- this· name are 
conspecific is not here considered, but there can 
be no doubt that his Fishers. Peak specimen is 
identical with Lesquereux's Geonomites ungeri 
from the sn,me rAgion. 

The fragment upon which Lesquereux based 
his Geonomites ungeri (U. S. Nat. Mus. Coli. 
106) co.mes, as is now known, from the under­
side of a large leaf and shows the- spikelike pro­
longation of the petiole into w.hat may be called 
a sort of false mich·ib,· such as characterizes the 
underside -of the leaf in many-large palmate­
leaved living palms. He mistook this for the 
upper side of the leaf and hence concluded that 
the shape of' the perfect leaf was flabellato­
piimate or broadly linear-lanceolate. It w~s 
for this reason that he placed it in Geonomites, 
·since in the living get)US Geonqma, on which it is 
based; the leaves are somewhat of this char­
acter. As. the leaves under discussion are 
clearly circular in outline and have the rays or 
folds palmate in origin it has been ne~essary to 
transfer it to Sabal, which seems to compine the 



. ' 

290 GEOLOGY. A.~~D PALEONTOLOGY OF RATON. MESA IN COLO.-N. MEX. 

charact.ers exhibited. by the fossil leaves,· and. as f om S b Z · · h' h · h · · ~ r . a a ungen, In w IC t ere IS no evidence 
Lesquereux's specific narpe has priority over that the petiole was either grooved or keeled. 
any others given it the species is now .eallecJ_ . It may be that. the original' "Eo-lignitic" 
Sabal? ~ngeri. types are the same as the leaves under discus-

Notwithstanding the comparatively large sion, but it is practically certain that most if 
number of spe_cimens now available for study not indeed all of those later referred to S. gray­
lam still somewhat in the state of Uncertainty anus are noteonspecific with the present speci­
concer!ling them that Newberry. acknowledged ~:n~ns, and in the. absence of convincing proof· 
himself to be. He says :1 It Is best to keep thmn distinct. 

In the great number of the remains of palms fo:und in the . Sa.bal ungeri is the most abundant and widely 
Tertiary and Cretaceous rocks of·the '\Vest-trunks leaves -distnbuted of all the forms it is atten1pted 
and fruit-it has been very difficult to define distinc~ to delimit in this paper; It undoubtedly ap- · 
species, and it is probable that many years w:ill elapse proaches most closely Sabal inquirenda, and 
be~ore per~ect order can be brought otit of the present con- nl . 
fusion .. The species )low under consideration may, how- u ~ss specrmens are of sufficient size and per-
ever, be identified by the large size of .its leaf, its plain fectwn to show well their c}laracter -they can 
unkeeled petiole drawn out into a long acute spine on the not be separated with absolute ~ertainty. 
underside, the very numerous folds, and the crowded sub- Sabal inquirenda, however, may be known in 
equal nervation. general by its small size-not exceeding 1.5 

The species from outside the area under.con- ~neters in diameter-and its forty to fifty 
sideration to which the· pres~nt f~rm is· most ~nstead of seventy to ninety folds. Sabal rugosa 
closely related is. Sabalites grayanus of Les- IS smaller and has more strongly ribbed and 
quereli..<""{. This was described originally; z ·under plica ted rays, which do not exceed forty in num­
the name of Sabal, from the "Eo-lignitic!-' (Wil- ber .. ~abal. lee~, also a large-leaved form, may 
cox formation) of _Mississippi and, although a be distmgwshed from .s. ungeri by its wedge­
mere fragment, is distinguished from Sabal ? shaped base and its great number of very closely 
ungeri with. difficulty if at all. Subsequently appre~sed, obliq~ely inserted rays~ · 
leaves that }lave been identified as Sabalites Occurrence: ~a ton formation (Tertiary); col­
graydnus have beep, found at many localities lected by W. T. Lee-Raynolds mine, near.Yan­
ranging in ag~ from Montana to Eocene, but ke·e,·N. Mex. (5133); Yankee, N.Mex., locality· 
most of these· are very fragmentary, and it· is 85 (5142); south entrance· to. Raton tunnel, 
extremely doubtful if they have been correctly north of Raton, N. Mex. (5146); junction of 
referred to t~s species. For example, the · Dillon and Coal canyo~s, near Blossburg,· N. 
huge specimen figured by Lesquereux? came :Mex.; same (5150); south end Raton tunnel 
from the Montana group at Point of· Rocks, (5155); south wall of Purgatoire Canyon, at 
Wyo., where other similar specimens have been mouth of Riley Canyon, near Cokedale, Colo. 
since found, but i.t is totally different in size and (5704); locality 106 (sec. 9, T. 33 S., R. 64 W.), 
appeara~ce from the "Eo-lignitic" type. · On near Trinidad, Colo.· (5697); Riley Canyon near 
the same plate Lesquereux has figured as·· Cokedale, Colo. (5701); same (5703); same 
Sabalites grayanus a section of a petiqle (U.s. (5795); Vermejo Valley, N.Mex., near Salyers 
Nat. Mus. coli. 109) from the Denver forma- Creek (5826); same (5827); Ute Park, N.Mex. 
tion near Golden, Colo., but there is not the (5830); collect~d by or for George B. Richard­
slightest valid· reason for referring it to this son-4 miles north of Trinidad, near locality 109 
species, and it might as well have belonged to (5102); Riley Canyon, 2 miles above Cokedale 
any one of several large-leaved p~lms. If (5103); Powell Arroyo, Trinidad field (5112); 
this strongly keeled petiole could really be Cokedale, Colo·. (5096); 3 mil~s north of Triili­
proved·to belong to SabC!'lites grayanus it would dad, near locality 10~ (5094); North Fork of Pur­
in itself be a sufficient character to separate it/ gatoire River, between Vigil and Wood's ranch. 

(5114); collected by Orestes St. John-Long· 
1 Newberry, J. S., The later extinct floras of North America: u. s. Canyon, N. Mex., 900 feet± above Trinidad 

Geol. Survey Mon. 35, p. 28, 1898. d 
2 Lesquereux, Leo, On species of fossil plants from the Tertiary of the . sa~ .stone; near Raton, N.Mex., 350 feet above 

State of Mississippi: Am. Philos. Soc. Trans., n. ser., vol. 13, p. 412, pl. Trnndad sandstone; . Spring . Gulch, Wilson 
14, figs. 4-l.l, 1869. Ar N 

8 Lesqucreux, Leo, The Tertiary flora: u.s. Geol. Survey Terr. royo, . ~ex.; York Canyon, N. !1ex.; col-
Rapt., vol. 7, pl.I2, fig. I, 1878. . I lected by F .. H. Knowlton-Bowen mine, 4 
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miles north of Trinidad, Colo. (5496); Sugarite 
mine (Old Wagon mine), 4 n1iles northeast of 
Raton, N.Mex. (5467). Type of species (U.S. 
Nat. Mus. Coli. 106), Raton Mountams, Colo. 
Vermejo ·formation (Cretaceous);. Ponil Can­
yon, N.Mex., 1 mile west of locality 11, near top 
of Ve:!:mejo formation, collected by W. T. Lee 
(5829); 1·mile south of Shumway, Colo. (5680). 

"Geonoma" gigantea Knowlton, n. sp. 

An undescribed spQcies of Oalamopsis is 
known to the writer from the Denver formation 
of Middle Park, Colo., but i.t is somewhat .frag­
mentary and apparently differs but little from . 
0. danai. 

Several species have been described by Les­
quereux under the name Geonomites on the· . 
presumption that they were p!nnate, but as will' 
be shown later at least two of the "species" are 
really palmate forms and belong to Sabal. No 

Plate LXI. restudy has been made of the remaining species 
Leaves pinnate, of large size, probably 3 n1e- of Geonomit~s, but in any event they are very 

tors or n1ore in length and 1 meter in width; unlike the form. under consideration and can 
petiole within the limits of the leaf about 2 not be congeneric with it . 
. centin1eters broad, .rounded, striate; leaflets op- Oreodoxites plicatus Lesquereux, from the 
posite, at an angle of about 45°, slightly con.:. Denver formation, is another pinnate-leaved 
stricted at point of attachment, slightly en- species, but it has short, elliptical, strongly pli­
larging upward (apex.not seen); width at point cate leaves that are totally unlike the Colorado 
of attachment about· 2 centimeters, greatest species and that likewise can not be congenerio 
width about 3.5 centimeters; each leaf with a with it. , , 
distinct midTib, and three Or four thinner -ieins, Among the great number of living palms 
abont equally dividing the space between mid- with pinnate leaves it is a matter of some di:ffi­
rib and 1nargin on either side; intermediate culty to determine the genus to which the 
veins present though obscure. present specimens 'are most. closely related. 

This splendid species is represented by three After a careful review of the material in the 
or four specimens, all from the same locality, . National Herbarium it appears to be nearest 
the largest and best being figured. It is a pin-. to ·aeonoma sp. of Jamaica. This species,· 
nate-leaved forn1, that from the proportions known as the ·long thatch palm, is so exactly 
noted between leaflets and pe.tiole 'in certain similar to the fossil that. they are separated 
living species ~ust have been at l~ast 3 meters with great .difficulty. About the only diffm;­
in length and probably Inore than 1 1neter in ence noted is in the petiole, 'vhich in the living 
width. The generally good state of preserva- species is approximately triangular in cross 

. tion clearly indicates that it ~as of strong section, and in the fossil species is apparently 
coriaceous character and was qu1te cmnparable rounded, though the incidents attending fossili­
in this. respect to many large-leaved living . zation may· possibly account for this apparent. 
species. · difference. · 

Though palmate-leaved palms are of common Occurrence: Raton formation (Tertiary); one-
. and widespr~ad occurrence in certain American eighth of a mil~ northeast of Rockland mine, 
Mesozoic and Tertiary strata, pinnate-leaved locality 120, nor~h side of Cucharas Canyon,. 
types are exceedingly rare. The species with near Walsenblll'g, Colo., collected by W. T. 
which 'the present for1n would naturally be first Lee, 1910 (5679). · 
con1pared is Oalamopsis danai Lesquereux,1 · 

frmn the Wilcox formation of :Mississippi; in 
fact before it had been carefully studied it was 
presuined to be a large species of Oalamopsis. 
Investigation shows, however, that it can 
hardly be congeneric with Oalamopsis, for in 
addition io being n1uch larger it has a, round 

· instead of a keeled petiole and thicker leaflets 
with distinct midribs. 

1 JJcsqucroux, Leo, On species of plants from the Tertiary of the State 
of Mississippi: Am. PhHos. Soc. Trans., vol. 13, p. 411, pl. 14, figs. 1-3, 
18G9. It is probable that Calamopsis danaishould be referred to the genus 
Chamaedorea. 

Geonomites tenuirachis Lesquereux. 

Plate LXII. 

Flabellariaf longirachis? Unger. Lesquereux, U. S. Geol. 
Survey.Terr.Ann. Rept., 1873, p. 396, 1874. 

Geonomites tenuirachis Lesquereux, U.' S. Geol. Survey 
Terr. Rept., vol. 7 (Tertiary flora), p. 117, pl. 11, 
fig. 1, 1878. 

Not\vithstanding the fact that the specimen 
here figlll'ed is much larger and more nearly 
complete than the single fragment made· the 
basis of Lesqueteux's name, there is still doubt 
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as to the full size and shape of the species. 
Following is Lesquereux's comment on the 
type specimen: 

It appears to. represent the upper part of long, linear­
lanceolate frond, palmato-pinnate, with a very narrow 
rachis, to which the rays are attached at an acute .angle of 
divergence, scarcely 20°. The rachis is about 2 mm. thick, 
smooth, and grooved in the middle. The rays, obtusely 
carinate·, narrow, about 1 centimeter wide, including both 
faces, become flat arid slightly decurrent toward the rachis, 
curve inward in narrowing, and seem to become free from 
each other toward the:iJ.· points. 

The.type specimen, which is scarcely 10 cen~ 
timeters in length, might well have come either 
from the.middle or upper portion of a specimen 
like the one here figured, in which the rachis is 
preserved for a length of 36 centimeters, and 
when unbroken was doubtless three times as 
long, for a specimen photographed· by Lee in 
the .roof of the Sugarite mine at Raton, N.Mex., 
had a rachis more than a meter in length. 
There can be no doubt~ however, that the speci­
men here figured is identical with the fragment 
figured by Lesquereux, and it is consequently 
referred ~nder his name. 

Occurrence: Raton . formation (Tertiary); 
ridge east of Yankee mine, near Yankee~ N. 
Mex., locality 85, collected by W_. T. Lee (5139). 

Palmocarpon palmarum (Lesquereux) Knowlton. 

Carpolithes palmarum Lesquereux, U. S. Geol. Survey 
Terr. Ann. Rept., 1871, Suppl., p. 13, 1872; idem, 
1872, pp. 382, 403, 1873; U.S. Geol. and Geog. Sur­
vey Terr. Ann. Rept., 1873, P: 385, 1874; .idem, 
1876, p. 503, 1878. 

Palmocurpon palmartZm (Lesquereux) Knowlton, U. S. 
Geol. Survey Bull. 152, p. 158, 1898. · 

Palmocarpon commune Lesquereux, U. S. Geol. Survey 
Terr. Rept., vol. 7 (Tertiary flora), p. 119, pl. 13, 
figs. 4-7, 1878; U. S: Geol. and Geog. Survey Terr. 
Ann."Rept., 1876, p. 503, 1878._ 

The type specimens · of this species and a 
large number of recently collected examples are 

· preserved in the United States National Mu­
seum. The species was first described from 
Fishers Peak, Raton 11ountains, Colo., and has 
since been obtained at other localities within 
. the type area and elsewhere, but particularly 
at South Table 11ountain, near Golden, Colo. 
The recent collections from the Denver forma­
tion at Golden contain a large number of speci­
mens, but notwithstanding the abundant mate- . 
-rial now in hand nothing has been found to 
throw additional light on its affinity. 

From the Lance formation of Converse 
County, Wyo., there-is asinglefruit, apparently 

of this species, which occurs in the midst of 
·other coarse particles of sand inside a large 
dinosaurian bone. It is nearly circular in 
shape, much flattened and not much wrinkled. 
Its upper surface shows faint close lines which 
give it the ~ppearance of having been fibrous 
coated. 

Occurrence: Raton formation (Tertiary); 
types, Fishers Peak, Raton Mountains, Colo.; 
collected at the following localities by W. T. 
Lee-junction o~ Dillon and Coal canyons, near 
Blossburg,. N. Mex. (5148); locality 124, in 
Spring Canyon, Vermejo Park, N.Mex. (5236); 
south wall of Purgatoire Canyon, mouth of 
Riley Canyon, Colo. (5795); Ute Park, N.Mex. 
(5830); collected by G. B. Richardson'sparty­
near Trinidad; Colo., near locality 106 
(5097); 2! miles north of Trinidad, Colo., 
near locality 109 (5094); 4 miles north of Trini­
dad, Colo., near locality 109 (5102); Riley Can­
yon, Colo., 2! miles above Cokedale ·(5105); 
hogback north of Stonewall, Colo. (5110, 5113); 
2 miles southeast of Dean, Colo.; Trinidad field, 
Colo., 7 miles southwest of Berwind, Colo., 400 
feet above supposed base of Poison Canyon for­
mation (5121); collected by Orestes St: John­
Putchman-Dillon divide, N. Mex., 500+ feet 
above Trinidad sandstone. 

Subclass DICOTYLEDONAE. 

Order JUGLANDALES. 

Family JUGLANDACEAE. 

Juglans acuininata Alexander Braun. 

Plate LXV, figure 1. 

Juglans acuminata Alexander Braun, N eues Jahrb., 1845, 
p.170. 

Lesquereux, U. S. Geol. Terr. Ann. Rept., 1872, 
p. 416 (in list), 1873. 

I am not able to distinguish this from leaves 
so referred by other students. 

Occurrence~ Raton formation (Tertiary) ; 
dump of. mine at Primero, Colo., collected by 
W. T. Lee (5798). 

Juglans nigella Heer . 

Plate LV, figure 2; Plate J.,XIII, figure 2. 
Juglans nigella Heer, Flora -fossilis arctica, vol. 2, p. 38; 

, pl. 9, figs. 2--4, 1869. . 
Lesquereux, U. S.- Geol. Survey Terr. Rept., vol. 8 · 
· (Cretaceous and Tertiary flora), p. 234, pl. 46A, 

fig. 11, 1883. 

The fine spec~men here figured, which is from 
Web Canyon near Weston, Colo., appears to be 
indistinguishable from Heer's J uglans nigella 



FLORA OF THE RATON FORMATION. 293 

Jugluns berryi Knowlton. 

.Plate LXIII, figure 3; Plate LXIV, figure 3; Plate 
LXXIII, figure 3. . 

frmn the Eocene (Kenai formation) ~f Alaska, 
and it has also been reported by Lesquereu.x 
from the Fort Union formation of North Da­
kota. It is particularly close to I-Ieer's figm·9_4 
but differs from it slightly in being a little Juglf!-ns berryi Knowlton, in .Berry, U. S. Geol. Survey 

broader and in having its· IQ.arginal teeth pro- Prof. Paper 91 , p. 183, 1916· 

portionately a trifle larger. In the disposition . Leaflets membranaceous in texture, the tor­
and direction of the secondaries as well as in 0 minal leaflet ovate, equal sided, broadest near 
~he nu1nerous strong nervilles it is practically the middle, whence it narrows in about. the 
identical. There is only the single leaflet in same degree to both base and apex; margin 
this collection, and a series might of· course entire; petiole short, slender; secondaries, ten 
develop recognizable differences, which, how- or t":~lv<:j pairs, mainly al~ernate, considerably 
ever, in any event would be extremely slight. ·curved upward, camptodrome; hiteral leaflet 

'l'he additional leaflet figured is £rom another larger, ·ovate-lanceolate, stronglyunequal sided; 
locality, but it does not differ essentially from margin slightly undulate; petiole slender; sec­
the first and seems best referred to this species. ondaries, probably about fourteen pairs, alter-
.. Occm·rence: Raton formation (Tertiary); nate, camptodrome; nervilles mainly unbroken, 

Web Canyon, about 5 mil~s northwest of oblique to the secondaries. . 
Weston, Colo., 50 to 100 feet below the sup- This species is represented by several ex­
posed base of the Poison Canyon formation, amples, two being figured which are thought 
collected by W. T. Lee (5799); Apishapa Can- to represent the lateral and terminal leaflets, 
yon, one-half mile east of Abeton, Colo., col- respectively. The terminal leaflet is 9 centi­
lected l)y W. T. Lee (5686); Sopris, Colo., col- meters long and about 4 centimeters wide; the 
lected by G. B. Richardson's party (5100).. petiole is preserved for a length of 8 or 9 mil­

Juglans minutidens Knowlton, n. sp. 

Plate LV, figure 3. 

Leaflet obovate-lanceolate in shape, taper 
pointed above, obtusely wedge shaped and un­
equal sided below; margin entire below, then 
finely serrate, the teeth. small, sharp, and 
tm·ned upward; midrib rather strong; second­
aries about fourteen pairs, thin, alternate, at 
a very low angle of emergence, camptodrome, 
curved upward near the margin; finer nerva­
tion not retained. 

The specimen figured is nearly perfect, lack­
ing only the basal portion on one side~ It is 
rather narrowly obov~te-lanceolate, its length 
being 11 centimeters, and its width about 4.5 
centimeters near the middle, whence it is nar:­
rowed below to the obtusely.wedge-shaped base 
and rounded above to the abruptly taper­
pointed apex. For about 4 centimeters from 
the base the margin is entire, and thence it. is 
finely and sharply serrate. 

Occurrence: Raton formation (Tertiary); 
dump from the Turner mine, 1! miles north of 
Wootton, Colo., collected by W. T. ·Lee (5714) 
on same stone with Magnolia lesleyana, Laurus 
social is, and others. · · 

limeters. The lateral leaflet was probably 13 
or 1~ centimeters long and 5.5 centimeters 
wide; it has the petiole. for a length of more 
than 1 centimeter. · 

I take pleasure in naming this species in 
honor of :Mr. Edward Wilber Berry, of Johns 
I-Iopkins University; who has done so much 
toward the elucidation of .the fossil floras of the 
Atlantic Coastal Plain. 

Occurren.ce: Raton formation (Tertiary); 
Primero, Colo. (Pl. LL~III, fig. 3), collected 
by W. T. Lee (5798); Wootton, Colo. (Pl. 
LXIII, fig. 3), collected by W. T. Lee (5714). 
Lagrange form~tion (Tertiary,_in beds of Wilcox 
age), Wickliffe, Ky. 

Juglans rugosa Lesquereux. 

Pl::ttc CXII, figure 4. 

Juglans ·rugosa Lesquereux, Am. Jour: Sci., 2d ser., vol. 
45, p. 206, 1868; U. S. Geol. Survey Terr. Rept., 
vol. 7 (Tertiary flora), p. 286, pl. 83, figs. 4, 5; 
pl. 84, figs. 1-9; pl. 85, figs. 1, 2, 1878. 

This. species, as may be noted from Les­
quereux's figures,· is very ~ariable, showing con­
siderable range in size and configuration of 
base. The specimen figured herewith agrees 
remarkably well with Lesquereux's figures 5 
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and 7, and there can be no doubt as to the cor­
~ectness of this identification. 
. Occurrence: Raton formation Crertiary); one­
eighth mile northeast of Roekland mine, local­
ity 120, north side of Cucharas Canyon, Colo., 
collected by W. T. Lee (56.79); Yankee, N. 
l\1ex., loQahty 85 (5142); Apishapa Canyon~ 
one-half mile west of Abeton, Colo. (5686); ~o­
cality 106, near Trinidad, Colo. (5697); Woot­
ton, Colo. (5711); same (5712); same (5714); 
clump of mine at Primero,. Colo. (5798); Wet 
Canyon near Weston, Colo. (5799); . Tercio, 
Colo. (5802). 

Juglans rhamnoides Lesquereux. 

Plate LXVI, ftgure 1.-

Juglans rhamnoidcs Lesquereux, U.S. Geol.Survey Ter:r. 

ities mentioned are Spring Canyon,. Mont., and 
Black Buttes and Point of Rocks, Wyo. Cf 
the four. examples he figures, all .of which are 
before me, three came fro_m Black Buttes and 
one from Spring Canyon. In preparing my 
"Flora of the Mol}tana formation," which in-

. eludes aU the plant horizons at Point of Rocks, 
0 Wyo., I did not f!.nd a single specimen that 
could .be referred to Juglans rhamnoides, and 
consequently excluded this species from that. 
work. ·In speaking of its presence here, Les­
quereux says: 1 

A small leaf .of this species, which is not yet, however, 
definitively. limited, as seen from the description in 
.Dr. F. V. Hayden's Report for 1871 (p. 294), and which 
may be identical with Juglans leconteana Lesquereux and 
Cornus acurninata N e-w:berry. Though it may be of the 
value of the species the leaf from Point of Rocks is iden­
tical in all its characters, even in its size, with sonie of 
those found in the burned beds of red shales at Black 
Butte. 

An~. Rept., 1871, p. 294, 1872; idem, 1872, pp. 382, 
400, 402, ]873; U. S. Geol. and Geog. Survey Terr. 
Ann. Rept., 1874, p. 307, 1876; idem, 1876, p. 517, 
1878; U.S. Geol. and Geog; Survey Terr. Bull.,vol.1, 
2d ser., No.5, p. 370,.1876; U. 8. Geol. Survey Terr. It appears probable, as above hinted; that 
Rept., vol. 7 (Tertiary flora), p. 284, pl. 54, figs. 6-9, this Point of Rocks specimen was later merged 
1878; idem, vol. 8 (Cretaceous and Tertiary flora), in some other species and no record made of 
P· 235; 1884. . such disposition. , 

Dawson, Roy. Soc. Canada Trans., vol. 3, sec. 4, 
· Wh~n I reviewed the fossil plants of the p. 31, 1886. 

Lesquereux, U. S. Nat. Mus. Proc., vol. 11, p. 22, Bozen1an1 l\1ont., coal :field,2 I was not able to 
1888; Harvard Coli. Mus. Comp .. Zoology Bull., find the figured specimen fron1 that area, but 
vol. 16, P· 56, 1888. it has since come to light, preserved. on the 

Knowlton, U. S. Geol. Survey Bull. 105, p. 58, 1893. sanie stone with a figured specimen of Oinna-
Rhamnus rossmassleri Unger. Lesquereux, U. 8. Geol. 

d G S 'f A R 874 momum. But very fe\v additional specimens an . eog. urvey err. nn. opt., 1 , p. 314, 
1876; U. S. Geol. and Geog. Survey Terr. Bull., have been found in the abundant material sub­
vol. 1, 2d ser., No. 5, p. 388, 1876; U. S. Geol. sequently obtained from the Bo~eman field. 
Survey Terr. Rept., vol. 7 (Tertiary flora), p. 283, . This species was also reported by Lesquereuxs 
pl. 

54
, fig. 

4
' 

1878
· . . . . . from the Tertiary beds at Cherry Creek, Oreg., 

. The present status of ~his species IS mvolved but in working over his material 4 I did not 
In more or less u~cert~Inty. It appears fir~t recognize it as _present within that area. Two 
to have ?een descnbed In 1871, based on speCI- speciinens were referred to this species by Les­
mens smd to ~ave. come from Evans_ton, Wyo:, quereux,_ but they could not subsequently be 
below the_~ain coal. In. the fo~lowing :r:ear It so recognized. · 
was mentwned by Lesquereux as occurnng at. Lesquereux has several tiilles reierred to the 
Golden, Col?., and Blac~ Buttes anJ Evanston, presence of Juglans rhamnoides in the Denver 
Wyo., and Ill 1875 ·a smgle small leaf was re- formation at Golden Colo. None of this ma­
ferred to it f~om Pojnt of Rocks, W!o. No~e t~rial is now preser~ed in the United States 
of these speCimens, at least under tlus name, ~s N ationall\1useum nor has it been found in the 
now . to . be .found in the collections of the abundant recent. 'collections froin the Denver 
United States N ationall\1useum, and it seems Basin. The specimens so referred are the 
more than likely that they were transferred to _____ . _______________ _ 
other forms without a record being made of 1 on some new species of fossil pl::mts from the Lignitic f0rmations: 

·u. S. Geol. and Geog. Survey Terr. Bull., vol. 1, 2d ser., No.5, p. 370, 
such trap.sfer, as. was Lesquereux's occasional IS7G. 
custom; In ''The Tertiary flora," which was 2 Knowlton, F. H., The Laramie and the overlying Livingston forma-

tion in 'Montana: U.S. Geol. Survey Bull. 105, p. 58, 1893. 
supposed to represent ,Lesquereux's mature a Recent determinations of fossil plants from Kentucky, Louisiana, 
]"udgment r_egarding all previously described ·. Oregon,<~alifornia, Alaska, etc.: u.s. Nat. Mus. Proc., vol.ll,p.22, 1889. 

4 Knowlton, F. ll., Fossil flora of the John Day Basin, Oreg.: U.S. 
forms falling within its SCOpe, ·the only local- Geol. Survey Bull. 204, 1902. ' .. 
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property of the I-Iarvard College :Museum: of · upward, strongly camptodrome, . arching far 
Comparative Z<;>ology and I have not seen them. inside the margin and each joinh1g the one ·next 

This again brings ~up the consideration of the above, sqmetimes with one or more additional 
localities whence came the figured examples of loops; finer nervation not preserved. ' 
Juglans rhamnoides, namely Black Buttes~ The exampl~ here figured is the only one of 
Wyo., and Spring Canyon, near Bozeman, thi~·type observed in the collectio~. It was· 
Mont., these being the only localities mentjoned probably about 12 centimeters long when per­
in the earlier literature ·that I am at pi·esent ·feet, but only 10 centimeters is now preserved; 
prepared to admit for· this species. it is 3.5 centimeters wide. It is well marked 

In the collections made by W. T. Lee· in bjr its narrowly ovate-lanceolate outline and 
Spring Canyon, Vermejo Park, N.Mex., is the strongly camptodrome nervation. 
single example here ftgured, which is 41distin- This species is quite similar to Juglans ve­
guishable ft:om one of Lesquereux's types of tusta Heer, 1 as figured from the Swiss Mio'cene, 
this species (fig. 6). 'fhus the species becomes and also to J. acuminata Heer, from the same 
again known from a definitely fL-x:ed horizon. horizoJ?-.1 From the former it differs in its 

After some consideration I have reduced larger size, more wedge-shaped base, and· more 
Lesqu~reux's determination of Rhan~nus ross- numerous secondn.ries, and from· the latter in 
massleri . Unger to the present species. The its narrower. shape, though a few spe~imens 
presence of this European species in Ame.rican referred to it are very similar in outline. It 
strata (at Black Butte~, Wyo.), depends on a also has some resemblanc_e to· certain species of 
single. rather poorly preserved specimen, the Sapindus, though not so close a one as it has 
original of Lesquereux's figure 4, which is pre- with Juglans. 
served in the United States National Museum Occurrence: Raton formation . (Tertiary J; 
(No. 450). It has, it is true, a strong resem- Raynolds mine near Yankee, N .. Mex. (sec. 30, 
bhmce to certain of the European figures of T. 32 N., R. 25 E.), .collected by W. T. Lee 
this species, but it has .also just as strong a (5133). 
likeness to Jugla'(l;s rhamnoides of L'esquereux, Juglans sapindoides Knowlton, n. sp. 
which is found in comparative abundance at 
the same locality, and, as already pointed out 
the latitude in the characterization of J uglans 
rhamnoides will permit of tli.e reception of the 
so-called Rhamnus rossmassleri. 

Occurrence: Black Buttes coal group · (re­
garded by the author as of post-Laramie age); 
types~ Black Buttes, Wyo. Livingston forma­
tion (regarded by the author as Tertiary); 
type,. ·"Spring Canyon, Mont." ( = Hodsons 
coal.mh1e on Meadow Creek, 12 miles southeast 
of Bozeman, Mont.), collected by A. C. Peale, 
1872; same locality, collected· by Knowlton 
and Peale, 1887. Raton formation (Tertiary); 
Spring Canyon, north ·of Vermejo Park, N. 
Mex., collected ~y W. T. Lee (5236). 

Juglans sapindiformis KnQwlton, n. sp. 

Plate LXV, :figure 3. 

Leaflet nar:r:-owly ovate-lanceolat~, very ob-
. tusely'wedge shaped, and apparently slightly 
unequal sided at base, apex apparently acute; 
margin perfectly entire; ~idrib strong; sec­
ondaries numerous, about sixteen or eighteen 

, pairs, thin, irregularly spaced; emerging at a 
very low angle (30° or less), not much curved 

Plate LXV, figures 4, 5. 

Leaflets subcoriaceous in te~ture, narrowly 
lanceolate, rather abrup~ly narrowed to the 
slightly unequal sided base and more gradually. 
to the a~uillinate apex; margh1 perfectly en­
tire; midrib strong, straight; secondaries about 
eigb\ pairs, alternate, at a low angle below, 
becoming more acute above, all much curved 
upward, camptoqrome; finer nervation obsolete. 

This species is represented by a considerable 
number of specimens, two of which are figured. 
Of these, one is presumed to be lateral and the 
other terminal. The lateral leaflet (fig. 4) is 
9 or .10 centimeters long and from 2.5 to 3.25 
centimeters wide, and the one thought to· be 
the terminal leaflet is 7.5 centimeters long and 
3 centimeters wide. 

It· is with some hesitation that this is de­
scribed· as a · new species and it is ~~ertain 
that it is referred to the proper generic type . 
For. instance, it is not greatly unlike leaflets 
that have been ~t times referred to Juglans 
rugosa Lesquereux; and its basal portion as 
well ati its nervation suggests J ugla~s schim-

1 Flora tertiaria Helvetiae; vol. 3, pis. I2i(figs. 40-45) and 128, 1~59. 
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pe·ri Lesquereux, 1 from the Denver and Green 
· ' River formations, though from this it differs· 

in being shorter and much less prolonged above. 
It· also suggests certain forms of Sapindus such 
as S. affinis Newberry and S. grandifoliolus 
Ward, from the Fort Union formation, and for 
this reason it has been given the· specific name 
sapindoides. 

Occurrence: Raton formation (Tertiary); 
Wootton, Colo., 5_0 to 100 feet above the Woot­
ton coal bed, collected by W. T~ Lee (5711). · 

Juglans schimperi Lesquereux. 

~late LXIV, figure 1. 

Juglans schimperi LesquerE;lux, U. S. Geol. Sl.l-rvey Terr. 
Ann. Rept., 1871, Suppl., p. 8, 1872; U. S. Geol. 
Survey Terr. Rept., vol.-7 (Tertiary flora), p. 287,. 
pl. 56, figs. 5-10, 1878. 

Knowlton, U.S. Geol. Survey Mon. 32, pt. 2, p: 688, 
1899; U. S. Geol. Survey Bull. 204, p. 34, 1902. 

Hollick, A report·on a collection of fossil plants from 
·northwestern Louisiana: Louisiana Geol. Survey 
Special Rept. 5, p. 280, pl. 33, figs. 1, 2, 1899. 

Pc~1hallow, Report on Tertiary plants of British Colum­
bia, p. 60, Canada Geol. Survey, 1908. 

Berry, U.S. Geol. Survey Prof. Paper 91, pp. 182-183, 
pl. 18, figs. 3-5; pl. 19, fig. 5, 1916. 

The collections from Green Canyon, near: 
Aguilar, contain a specimen-the one here fig-. 
ured-that is certau1ly the sa:q1e as ,one of the· 
two leaflets (fig. 1) figured by Hollick under 
this name from the "Eo-lignitic" (Wilcox 
for~ation) of Coushatta, La. · It is of the same 
size, the same configuration at base, and, so 
far a~ can be -made out, has the same nerva­
tion. It also has the same shaped base :as 
several of. 'the leaflets figured by Lesquereux 
but is not as slenderly acuminate as some of_ 
the other leaflets there shown. In this respect 
Hollick's leaflet, with which it is being com­
pared, also differs from the other one he fig­
ures. It may ultimately be necessary to 
separate them from Lesquereux's species, but 
in the absence of complete series of specimens 
from both localities it is best to refer them as 
above. 
.·Occurrence: Raton formation (Tertiary); 

dump of Green Canyon mine, locality 119, 
near Aguilar, Colo., collected by W. T. Lee 
(5(?84); south side of Dillon Canyon, N. Mex., 
near Blossburg, collected by W. T. Lee ·(5147); 
hillside just west of south end of R·aton tunnel, 
north of Raton, N. Mex., colle.cted by F. H. 

I The Tertiary flora: lJ. S. Gaol. Survey Terr. Rapt.; vol. 7, p. 287, 
pl. 56, figs. 5-10, 1878. 

Knowlton (5464); Wootton, Colo.; collected by 
Orestes St. John; south ranch, South Raton 
Canyon, N. Mex., · 950± teet above Trinidad 
sandstone, collected by. Orestes St. John. Wil­
cox formation (Tertiary); common. 

Order SALICALES. 

Family SALICACEAE. 

fopulus neotremuloides Knowlton, n~ sp. 

. Plate LXVI, figure 2. 

. Leaf of large size, clearly coriaceous in tex­
ture, nearly circular in general outline, cordate 
at base, rounded .and abruptly acuminate ·at 
apex; margin entire at base, becoming remotely 
and but slightly toothed or merely undulate in 
the extreme upper portion; midrib very thick 
and strong, slightly flexuose; secondaries four 
pairs, the lowest pair very strong, alternate, 
much curved upward, one arising nearly at the 
base of the blade··and the other a short distance 
above, each :with about four camptodrome 
branches on the lower side, which curve up- . 
ward and join by a broad bow well inside the. 
inargin and send slender tertiary branches to 
the low te~th; next secondaries strong, arising · 
at an angle of about 45°, much curved upward 
and provided with two or three camptodrome 
branches on the lower side; upper branches re­
mote, thin, joining the lower pair; nervilles 
strong, mainly percurrent, and at right angles 
with the midiib; finer nervation not retain_ed. 

This splendid species is represented by the 
single leaf figured. It is approximately circu­
lar ·in outline, or possibly a little broader than 
long. Its lEmgth is 11 centimete-rs and its 
width probably a little greater.· Its petiole is 
not preserved, but the midrib indicates that it 
was 'undoubtedly very thick and strong. 

This species is· not only referred without 
hesitation to the genus Populus, but it is very 
closely related indeed to the living P. tremu­
loides ·Michaux, the _well-known aspen. Most 
leaves of P. tremuloides are much smaller than 
those of P. neotremuloides, bu~·some on vigor­
ous sprouts are as large, or even larger. The 
smaller ord,inary living leaves are regularly and 
finely toothed, but the larger leaves are only 
remotely toothed and in some speoirilens are 
only undulate, thus agreeing perfectly with 
those of the fossil. The thick midrib, the 
three or four pairs of camptodrome secondaries, 
and .the arrangement of tertiary brn.nches and 
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nervilles are all strikingly similar to those of 
the fossil species. 

In size and general appearance this species is 
quite like certain leaves referred to Vitis crenata 
I-Ieer, such, for instance, as that figured by 
I-Ieer 1 from the Eocene (Kenai formation) of 
Alaska, and it would seem that this latter 
should more properly be referred to Populus, 
·being especially like P: richardsoni. 

Occurrence: Raton formation (Tertiary) ; 
dun1p of n1ine at Primero, Colo., collected by 
W. T. Lee (5798). 

Populus, female arnent. 

Plate LXVI,. figur.e 3. 

In close association with certain leaves of 
poplar there is th~ fruiting ament, with its 
c'ounterpart, that is here figured. Its length is 
about 6 centimeters. The numerous capsules, 
which are disposed along a rather thlck axis, 
are ovate. in. shape (about 6 or 7 mil!imeters 
long) and are apparently .two valved, though 
tllis last observation is not very well authen­
ticated. It is not sufficiently well preserved to 
permit very full or satisfactory description, and 
it is presented here merely to sl?-ow that this 
type is pre~en t in these beds and thus lend 
support to the correctness of the identification 
of foliar organs. 

Occurrence: Raton formation (Tertiary) ; 
dun1p of Green. Canyon mine, locality 119, near 
Aguilar, Colo., collected by W. T. Lee (5684). 

Order FAGALES. 

Family FAGACEAE. 

Fagus papyracea. Knowlton, n. sp. 

Plate LXVIII, figure 1. 

Leaf large, membranaceous in texture, ovate 
in outline, abruptly rounded to the acute apex 
(base not seen); margin sinuate toothed, the 
teeth low, acute, or nearly blunt, separated by 
very shallow sinuses; midrib slender; second­
aries mainly alternate, rather tllin, at an angle 
of about 45°, little curved upward, occasionally 
once or twice forked, craspedodrome, and end.:. 
ing in the marginal teeth; finer nervation not 
retained. 

The single bi·oken example figured is all that 
has been observed of this species. - It was 
probably about 12 centimeters or . more in 
length and about 7 centimeters in width, and 

1 :Florfl fossJJis flrcti~n, vol. 2 (:Flom fossilis nlnskana), pl. 8, fig. 6, ~896. 

is'une·qual sided, one side being much the wider 
and having·smaller, lower, and sli~htly sharper 
teeth. 

Occurrence: Raton formation (T~rtiary); 
Green Canyon mine, locality 119, near Aguilar,· 
Qolo., collected by W. T. Lee (5684). 

Castanea interrnedia Lesquereux. 

-Plate LXVIII, figure 2. 

Castanea intermedi1. Lesquereux, · U. S. Geol. and Geog. 
Survey Terr. Bull., vol.1, 2d ser., No.5, p. 386,1876, 
U.S. Geol. and Geog. Survey Terr. Ann. Rept., 1874; 
1876; U. S. 'Geol. Survey Terr. Rept., vol. 7 (Ter­
tiary flora), p. 164, pl. 21, fig. 7,_1878. 

Tllis species is said to have come from Middle 
Park, Colo., in beds there thought to be Green. 
River in age, but it has not sinee been reported. 
from there, and from later knowledge of the 
geology of Middle Park it seems reasonably 
probable- that it oame from beds of Denver age. 
The present specimen .agrees perfectly with the 
figured type except tbat the marginal teeth are 
not quite so sharp; the margin, however, is not 
well preserved. 

·Occurrence: Raton formation (Tertiary); 
Wootton, Colo., 50 -to · 100 feet above the 
Wootton coal bed, collected· by W. T. Lee 
(5712). 

Quercus fisberiana Knowlton, n. sp. 

Plate L:\.\TIII, figures 3, 4. 

Leaves rather small, membranaceous in 
texture, oblong in general outline, apparently 
wedge shaped at base, strongly five lobed, the 
lateral lobes at an angle of about 45°, acute, 
separated .by broad rounded sinuses; terminal 
lobe largest, very_ acute;. midrib light, straight;. 
secondaries two pairs, thin, at an angle of_ 45°, 
craspedodrome, ending ~n the tips of the lateral 
lobes; nervilles strong. · 

This species is repre.sented by four leaves, 
aU, unfortunately, too fragmentary to give a 
thoroughly satisfactory conception of the com­
plete ·form. It appears that the leaf was, 
broadly speaking, oblong in general outline 
and was at least five lobed-that is, it had two 
lobes on each side and a stronger central one. 
Its lenO'th was about 8 or 9 centin1eters and . 0 

its width between the tips of the upper lobes 
about 4 centimeters. The lower lobe, in the 
only specimen in which it can be approxi­
lllatecl, was at least 2 centimeters wide. In 
one specimen, in. which the three upper lobes 
are weli preserved, the lower lobes appBar 

0 
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very much larger; but this appearance Inay 
be due to overlap by another leaf so closely 
matched that it is difficult to discriminate it .. 
If this lateral lobe really belongs to the speci­
men the leaf is very much larger than other 
specimens indicate. This species is not well 
established, but it can be recognized in future. 
by the well-preserved upper portion, which is 
shown in the figures. 

This species undoubtedly belongs to the red 
oak (rubra) type of living leaf. · 

Among American fossil oaks Q. fisheriana is 
perhaps closest to what Lesquereux has identi­
fied as Q. angustiloba Alexander Braui1, from 
the Laramie formation at Golden, Colo., but 
Q. fisheriana is smaller and has very much 
'shorter and more obtuse lobes. The nervation 
is much the same in both. 

Occurrence: Raton formation (Tertiary); 
floor of . Fishers Peak mine, 3 miles southeast 
. of Trmidad, Colo., collected by G. B. Richard­
son's party (5099). 

and truncate at base, :apparently obtusely 
p.ointed at apex; margin entire at base, then 
undulate toothed, the teeth low and rounded 
and the sinuses shallow; midrib very thick, 
especially below; secondaries eight or nine 
pairs, mostly alternate, at almost a right 
angle, considerably curved upward, apparently · 
craspedodrome but obscure on this point; 
finer nervation not retained. · 

The single example :figured is all that ·has· 
been discovered, but fortunately it is nearly· 
perfect and thus gives a fairly good idea of the 
species. It was evidently a thick leaf, broaclly 
ovate in shape, with truncate base and appa­
rently pointed apex. The length was about 
12 centimeters and the width 8.5 centimeters. 

Occurrence: Raton formation (Tertiary);· 
near Yankee (sec. 29, T. 32 :N"., R. 25 E.), 
N. Mex:., locality 85, collected by ·w. T. Lee 
(5142) . 

Quercus? ratonensis Knowlton, n. sp. 

Plate LXIX, figures 6, 7. 

Quercus simplex Newberry. Leaf ovate-lanceolate, abruptlyrounded to a 
Plate LXX, figure 3. veryobtuselywedge-shaped base, long and taper 

This leaf appears to approach most closely pointed above; n1idrib very thick, especially 
below;' secondaries thin, nuillerous (fifteen to · to Quercus .simplex Newberry 1 from Bridge 

Creek, Oreg., except that it is twice as large. twenty pairs)' alternate, at an angle of about 
45°, curving. upward, camptodrO'me, arching It has absolutely ·no nervation, except the · 
well inside the margin and joining the one next midrib. Another leaf from the same place is 

very much like the type. · · above, with a series of loops outside; ne.tvilles 
numerous, irregular. In the collection from the canyon west. of 

Old Rouse, Colo.,, there are several other spec- This species is represented by two fragmen-
imens that are certainly referable to Q. simplex. tary specimens only, which fortunately show 
They are much smaller . than the. Vermejo both basal and apical portions. The' leaf was 

·. Creek specimens and but little larger than the apparently ovate-lanceolate with a rou.llded and 
type figure and have the secondary nervation obtusely wedge-shaped base and a narrowly , 

acuminate or taper-pointed apex. The nerva­
w?!- r:esterved. They agree in this r~spect tion is rather striking, consisting of a very thick 

WlO · e ype. R t .f t" (T t' ) I midrib and very numerous thin camp.todrome ccurrence: a on orma wn er 1ary ; . . · . 
V · v 11 th th f S 1 secondaries. In the narrowed apical portwn erme]O a ey near e mou o ayers . . 
C . . k ·N M 11 t d b W · T L (5826) . of the blade the secondanes run up for long dis-I ee , . ex., co ec e y . . . ee , b . f . · · h b Tl 

t f ld t f R C l b t. tances e ore JOllllllg t e ones next a ove. 1e canyon wes o o .own o ouse, o o., a ou · · . 
·300 f t b th b f th R t f · t" . length of the leaf was apparently 18 or 20 cen-ee a ove e ase o e a on orma wn, . . . 
collected b w. T. Lee c5683). timeters and the Width about 6 centimeters. 

y · The reference of these leaves to the genus 
Quercus? neomexicana Knowlton, n. sp. Quercus is extremely doubtful~ though they are 

Plate LXX, figure 5. certainly very similar to certain of the entire 
Leaf thick in texture, broadly ovate or leaves referred to Q. lyelli Heer,Z from the upper 

~tanekerdluk of Greenland. They are, liow-: orbicular-ovate in outline, abruptly rounded 
ever, much larger and broader than Q._lyelli and 

' 1 Newberry, J. S., The later extinct floras of North America: ·u. S. 
Geol. Surve~ Mon. 35, pl. 63, fig. 6, 1398. 2 Flora fossilis arctica, vol. 7,.pl. 72, figs. 1-10, 1883. 
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havo inore regular secondaries, though the. type 
of those ·as well as the irregular character of the 
finer nervation is very Inuch the same. -

In certain respects the tw.o leaves :figured have 
so1ne resemblance to Juglans schimperi Les- · 
qucretLx/ but they ~e much: larger, broader, 
and apparently not at all unequal sided. 

Occurrence: Raton formation (Tertiary) ; 
fioneyficld mine near Yankee, N.Mex., 75 feet 
above the base of the Ratori. fo~mation, col-
1ected by W. 1'. Lee (5140). Wilcox formation 
(Tertiary); near Coushatta, La. 

Dryophyllum aquamarum? Ward. 

Plate LXX, fig. 2. 

.Dryophyllunt aquamamm Ward, U. S. Geol. Survey Sixth 
Ann. Rept., p. 551, pl. 37, figs. 3-15, 1886; U. S. 
Geol. Survey Bull. 37, p. 27, pi: 10, figs. 2-4, 1887. 

The example here figured from Wootton, 
·Colo., appears to belong to Ward's Dryophyllum 
aq_uamarum, but as the margin is so poorly pre­
·served as to be made out with difficulty the 
reference has been questioned. In size, appar­
ent sJ?.ape; and nervation this leaf is undoubt­
edly similar to Ward's figure 4. The species 
·was de.scribed originally· from Black Buttes, 
Wyo., in the B·lack Buttes coal group, regarded 
'by the author as post.,. Laramie in age; it is ·per­
haps identical with Dryophyllum subjalcatum 
Lesq uerelLx. 

Occurrence: Raton formation (Tertiary); 
Wootton, Colo., 50 to 100 feet above the Woot­
-ton coal bed, collected by W. T. Lee (5712). 

Dryophyllum moorii (Lesquereux) Berry. 

Plate LXX, figure 1. 

·Quercus moo1-ii Lesquereux, Am. Philos. Soc. Trans., vol. 
· 13, p. 415, pl. 16, figs. 1-3, 1869; U. S. Nat. Mus. 

. Proc., vol. 11, p. 31, 1888. 
Dryoph'l)ll'l.tm moorii (Lesquereux) Berry, U. S. Geol. Sur­

vey Prof. Paper 91, pp. 190-191, pl. 22, fig. 1; pl. 23, 
figs. 1, 2, 1916. 

This species was described by LesquerelLx as 
follows: 

Leaves coriaceous, oblanceolate or ovate-oblong, elon­
,gate, subobtuse; margins remotely and slightly toothed; 
secondaries at a low angle of emergence, curved, craspe­
·dodrome. 

To this it may be added that the lower sec­
·ondaries are nearly opposite and at almost a 
right angle, and that above they become alter-

1 ~l'ho 'l'ortiary flora: U. S. Goo!. Survey 'l'orr. Ropt., vol. 7, pl. 56, 
:figs. 5, 9, 1878. 

nate and Inuch more distant. The nervilles are 
very strong, at right angles to the secondaries, 
and. mainly unbroken. · 

The leaf here shown is almost perfect, lack­
ing only the apical portion. It is comparable 
with the larger of the three ·figured types, and is 
presumably of about the same shape, though 
the type is fragmentary below. In the .matter 
of outline, remotely toothed margin, numerous 
close-parallel cnispedodrome secondaries, and 
strong nervilles they agree satisfactorily. · 

Occurrence: Wilcox formation (Tettiary); 
types, Mississippi. ·Raton formation (Ter­
tiary); Vermejo Creek, locality 23a, about 3 
miles northwest of Dawson~ N. :M:ex., collected 
by W. T. Lee (5827), on same stone with 
Sabal? ungeri. · 

Dryophyllum tennesse~nsis Berry. 

Plate LX;IX, figures 3-5. 

D1"1)ophyllum ten/nesseensis Berry, U. S. Geol. Survey Prof. 
· Paper 91, p.192, pl. 19, fig. 6; pl. 20, figs.1-3; pl. 21, 

figs. 1, 4, 5; pl. 22, fig. 2, 19:1.6. 

Leaves coriaceous, linear-lanceolate, long 
and wedge shaped at base, acuminate at apex; 
margin entire for _a snort distance at base then 
sharply serrate; midrib relatively strong·;, sec­
ondaries very numerous, about fifteen· or 
-twenty pairs, mainly alternate, at an angle of 
60° or 70°, straight, occasionally forked, cras­
pedodrome' ending in the marginal teeth; finer 
nervation not retained. 

This fine little species is represented by a 
large numbm~ of specimens, but most of them 
are badly proken. ·The length is from 8 to 10 
centimeters and the width from 6 to 11 milli­
meters. It is well marked by its extremely 
long narrow shape, finely serrate margin, and 
numerous acute-angled secondaries. . 

This species is undoubtedly most closely-re­
lated to Quercus breweri LesqueretLx,Z which was · 
once merged with Q. consimilis N ewberry,S from 
the Clarno fqrmation (Eocene) of the John Day· 
Basin, Oreg. It differs slightly from Q. breweri, 
however, in its generally narrower shape, fewer 
and rather larger teeth, and more acute-angled 
secondaries. 

Occurrence: Raton formation (Tertiary) ; 1 
mile southwest of Rugby, Colo., 170 feet abo-ye 

2 'l'he Cretaceous and 'l'ortiary floras: U.S. Goo!. Survey 'forr. Ropt., 
vol. 8, p. 24G, pl. 54, figs. 5-8, 1883. 

a 'J:ho l::ttor extinct floras of North America: U.S. Geol. Survey M:on. 
35, p. 71, pl. 43, figs. 2-5, 1898. 
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the Trinidad sandstone, collected by· G. B. 
Richardson's party (51.28). Wilcox formation 
(Eocene); Mississippi, Arkansas,. Tennessee, 
and Kentucky. 

Order URTICALES. 

Family ULMACEAE: 

Ulmus sp. 

Plate LXX, figure 4. 

In the material from Powell Arroyo, near 
Bowen? Colo., a single fragment-ary example 
was found, which ~ith little doubt belongs to 

. Ulmus. It is evidently unequal sided, about 
6 centimeters long ~nd 3 centimeters wide, and 

. has its margin coarsely toothed with· rather 
blunt teeth. There was probably about eight 
pairs of alternate rather strong secondaries, 
which end in the teeth and send short forks to 
. the sinuses. 

This form, so far as can be ascertained, was 
about the same size as Ulmus tenuinervis 
Lesquereux:/ and has much the same nervation 
but much coarser tee~h. 

Occurrence: Raton· formation (Tertiar3T) ; 
Powell Arroyo, 3 miles west of Bowen, Colo., 
collected by W. T. Lee (5695). · 

Family MORACEAE. 

Ficus artocarpoides LeSquereux. 

Plate LXXI, :figure 3. 

Fic'Us artocarpoides Lesquereux, .U. S. Geol. Survey Terr. 
Rept., vol. 8 (Cretaceous and Tertiary floras), p. 227, 
pl. 47, :figs. 1-5,·1883. 

Berry, U. S,. Geol. Survey Prof. Paper 91, p. 200, pl. 34, 
:fig. 2, 1916. 

Lesquereux's original description is ·as fol­
lows: · 

Leaves large, subcoriaceous, oval, obtuse, or blunt at the 
apex, rounded or subcordate at base; median nerve thick, 
enlarged a't base and passing into a very thick long petiole; 
secondary nerves narrow., at an acute angle of divergence, 
camptodrome, with few branches; nervilles close, simple 
or ~arely forked. 

· T_he types of this specie_s are· described _as 
being from 10 to 15 centimeters in length and 
7 or 8 centimeters in width, with 4. centimeters 
of the petiole preserve~. The leaf from Wootton 
that is here figured was probably fully 15 centi­
meters in length and about 8.5 centimeters in 
width; and the petiole, 6 centimeters long and 
4 millimeters thick, is preserved in its entirety. 

1 The Tertiary· fiora: U. S. Geol. Survey Terr. Rept., vol. 7, pl. 26, 
fig. 3, 1878. . 

Occurrence: Raton formation · (T~rtiary); 
Wootton, Colo., 50 to 100 fe~t below the 
Wootton coal, collected by W. T. Lee (5711). 
Wilcox f_ormation (Tertiary); Coushatta, La. 

Ficus aguilar Knowlton, n. sp. 

Plate LXXI, :figure 1. 

Leaves large, very thick and · coriaceous in 
texture, oblong-lanceolate in shape, rather 
abruptly· roUn.ded to the extremely . thick 
petiole (apex unlm.own) ; margin perfectly en­
tire; midrib unusally thick-5 millimeters at . 
base-perfectly straight but slightly thinner 
above; secondaries numerous (probably eight­
ee~ or twenty pairs), at somewhat irregular 
distances, emerging at a very low angle, con­
siderably curved upward, apparently ending· 
in or very near the margin; finer· nervation 
·obscure, nervilles apparently numerous, un­
broken, arid at right angles to the secondaries. 

The specimen figured is all that can certainly 
be referred to this species. The full length of 
the leaf can not be· ascertained, for its upper 
portion is missing; but there is no indication · 
of narrowing in the part preserved, and it was. 
probably at least as long again, or about 24: 
centimeters; its width is 9 centimeters. About· 
1 centimeter of the petiole is preserved but part. 
is clearly missing. 

This leaf is remarkable for. its large size,. 
oblong-lanceolate outline,' exceedingly thick 
petiole and midrib, and numerous thin -low-· 
angled secondaries, and by these characters is. 
shown to be of the type of the living Ficus· 
elastica Linne. Among fossil species ~here. 
are many with which it may be compared. 
Thus Ficus glascoena Lesquereux,Z from the: 
Dakota sandstone of Kansas, has approxi-· _ 
mately the same size and shape and the same 
exceedingly thick midrib but differs distinctly 
in its secondaries, of which it has more than 
twice as many. The secondaries in F. glascoena. 
are also thinner and little if any curved upward 
near the margin. 

F. aguilar isv perhaps closer to Ficus ungeri: 
Lesquereux, from the Green River formation of 
Wyoming, but differs from it in its larger size, its. 

. much thieker midrib and petiole, and its rather· 
fewer, relatively stronger secondaries. 

2 The fiora of the Dakota group: U. S. Gaol. Snr~ey Mon. 17, p. 76,. 
pl. 13, figs. 1, 2, 1892. 
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Occurrence: Raton formation (Tertiary); 
dul:np of Gr~en Canyon mine, locality 119, near 
Aguilar, Colo., collected by W. T. Lee (5684). 

Ficus uncata Lesquereux. 

Plate LXXVI, figure 2. 

Fic'us ulmifolia Lesquereux, U.S. Geol. Survey Terr. Ann. 
Rept., 1871, Suppl., p. 14,.1872. . 

Fi<nts gm.ulini (not Ettingshausen), Lesquereux Idem, 
p. 300. . . 

Fi<nts 'l.tncata I.Jesquereux, U.S. Geol. Survey Terr. Rept., 
voL 7 (Tertiary flora), p. 197, pl. 35, figs. 1, 1a, 2, 
1878. 

Fi<nts arenacea brevipetiolata Lesquereux, U. S. Geol. 
Survey Terr. Rept., vol. 7 (Tertiary flora), p. 195, pl. 
29, figs. 2, 3, 5, 1878. ·. . 

Pop'l.tl'l.tsmonodon Lesquereux, idem, p.180, pl. 24, figs.l, 2. 
Fimts·?nonodon (Lesquereux) Berry?U. S. Geol. Survey 

Prof. Paper 91, p. 201, pl. 3?, fig. 2; pl. 33, fig. 2, 
1916. 

Leaves large, coriaceous in textille, quite en­
tire broadly lanceolate or ovate-lanceolate, 
acu~ninate rounded to the base, with thick 
petiole gr~oved in many spe?imens, midri~ 
broad and thick and grooved In many speCl­
Dlens; secondaries. nul'l!erous, strong, subequi­
distant, parallel, cainptodrome; nervilles strong, 
largely unbroken. . . , . 
. As may be seen from, the extensive synonymy 
above recorded, very great confusion has ex­
isted regarding the leaves here brought t~­
gether under the name of Ficus uncata, and It 
is by no means certain that ~~ey are ev~n now 
finally allocated, and in additiOn there Is more 
or less uncertainty regarding localities, a~ will 
be pointed out later. · · 

The type specilnens of Ficus uncata are pre­
served in the United States National J\1useunl 
(Nos. 298, 299, 300). In the original descrip­
tion (published under ~he preoccupied nar;ne of 
Ficus ulmifolia), these specimens are said to 
have come from "Fishers Peak, Raton Moun­
tains, N. Mex.," being so recorded in th~ ~1u­
seum catalogue in Lesquereux's handwntmg; 
and 'there is no reason to doubt the correctness 
of the statmnent, as. the Inatrix agrees perfectly 
with that of others from thatlocality.. In'" The 
'l'ertiary flora" (p. 197, Pl. XXXV) -the origi­
nals of :figures 1 and 2, shown above to be the 
typos, are said to have c~1ne from Carbon, 
Wyo., having been found "1n the shale above 
the main coal,"· and figure 3 (probably fig. ~a, 
there being no Ficus on this plate with the ~ ?· 
3) is alone said to be from the Raton Mount_an1s. 
This statement is certainly wrong, and IS so 

shu~ to be not only by ·the specimens thein­
selves and by the entry in the Museum cata­
logue but by the ·original description, which 
clearly proves that these are the specimens 
figured. The species has never been found at 
Carbon, Wyo., and is undoubtedly from the 
Raton Mountains. · 

Ficus arenacea bre~ipetiolata Lesquereux is 
represented. by three figures in "The Tertiary 
flora" (Pl. XXIX, figs. 2, 3, 5), and by two· 
original specimens in the United States N a­
tiona! Museuin.(Nos. 260, 260a). These leaves 
(described under · the preoccupied nan1e of 
Ficus gaudini) are preserved on ·a "hard, 
shaly, fine-grained whitish sandstone" and are 
from.an unknown locality of which Lesquereux 1 

says: "The precise locality is unkno~n, ;~e 
labels having been lost or forgotten. 'lh1s 
locality was v~:~.guely conjecturnd to be in the. 
Green River formation, and the specin1ens 
were subsequently so assigned without further 
question. It is highly improba~le that they 
really came from the Green R1ver, for the 
species has not been found in that forinatio~; 
and the finding of what. is undoubtedly .this 
species in the· Raton J\1esa re~i~n mak~s it 
reasonably probable that the original horizon 
was not· far away, though the or~ginal locality 
will probably always remain unknown. In any 
event it seen1s impossible to distinguish these 
leaves frol)l those of Ficus uncata. They have 
the same roundedform at base, the san1e thick 
n1idrib, and the same close parallel secondaries. 
Ficus uncata is said to be especially character­
ized by the short hooked petiole, but this is 
Inanifestly a character .of little value, for the 
position of the leaf on the branc~ would larg~ly 
detern1ine the shape of. the petiole and easily 
account for its hooked form: · 

Populus monodon Lesquereux 2 was described 
originally from the "Eo-lignitic" (Wilcox for­
mation) of Mississippi, and is figured and de­
scribed by its author as having the margins un­
dulate or even somewhat toothed. In "The 
Tertiary flora" (Pl. XXIV; :figs. 1, 2) two leaves 
·a~e figured from Fishers Peak, Raton Moun­
tains under the name of Populus monodon, but, 
as m~y be seen on comparing these figures with 

1 Fo5sil flora: U. S.· Geol. Survey Terr. Ann. Rept., 1871, pt. 3, p. 300, 
1872. 

2 Lesquereux, Leo, On species of fossil plants from the Tertiary of the 
State of Mississippi: Am. Philos. Soc. Trans., vol. 13, p. 413, pl. 15, figs. 
1, 2, 1869. 
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the originals from Mississippi, they can hardly 
be c()nsidered as conspecific, and with very 
little doubt they are correctly referable to 
Ficus uncata. Both are preserved in the 
United States National Museum (Nos. 217, 
218), and the matrix is seen to be absolutely 
the same as that bearing the types of F. uricata. 
One of the figures (fig. 1) is not quite accurate, 
the apparent sinus· on the si~e being si:n:lply a 
broken place and not showing true margin. 

The leaf here figured frqm near Abeton, Colo., 
is not to be distinguished from one of the leaves 
figured by Lesquereux as Ficus uncata brem­
petiolata. It is smaller than the three figured 
types of F. uncata, but it is of the same type. 

Occurrence: Raton formation~ (Tertiary) ; 
types, "Fishers Peak, Raton Mountains, N. 
Mex." Raton .formation (Tertiary); Apishapa 
Cany<;>n, about 4 miles northeast of Abeton, 
Colo., near top of Raton formation, collected 
by W. T. Lee (5689). 

Ficus duplicata Knowlton, n. sp. 

Plate LXXIV, figure 1.· 

This species is very closely similar to and may 
- possibly be the same as Ficus aguilar frmn the 
same locality. It differs froni that form ap­
parently in being slightly ovate-lanceolate and 
in having a much thinner petiole and midrib, 
although both are relatively strong. . The 
secondaries are of about the same number, 
though they emerge at a much greater angle 
and are not much curved upward. 

. 09currence: Raton formation (Tertiary); 
dump of Green Canyon mine, locality 119, near 
Aguilar, Colo., collected by W. T. Lee (5684). 

Ficus occidentalis (Lesquereux) Lesquereux. 

Plate LXXII, figure 1. . 

Dombe:yopsis occidentg,iis Lesquereux, U. S. Geol. Survey 
· Terr. Ann. Rept., 1872, p. 380, 1873. · 

Ficus occidentalis (Lesquereux) Lesquereux, U. S. Geol. 
Survey Terr: Rept., vol. 7 (Tertiary flora), p. 200, 
pl. 32, fig. 4, 1878; Harvard Coli. Mus. Comp. 
Zoology Bull., vol. 16, p. 50, 1888. 

The type of this species from the Denver: 
formation at Golden, Colo., is preserved in the 
United States National Mus_eum collections 
(No. 281). It appears to be rather rare, 
although Lesquereux records the presence .of 
five specimens in the large collections which 
he identified for the Harvard College Museum 
of Comparative Zoology, at Cambridge, and 

the writer found another much smaller but 
otherwise well-marked specimen . in recently 
studied collections. The collection from Dillon 
Canyon, N. Mex., contains two examples, one 
of which certainly belongs here. The one 
figured is a little larger than Lesquereux's 
type but otherwise agrees with it perfectly. 

Occurrence: Denv.er formation (Tertiary); 
type, Golden, Colo. Raton formation (Terti­
ary); west side-of Dillon -Canyon, near Bloss­
burg, N.Mex., 1 mile nor_th of mouth of Coal 
Canyon, collected by W. T. Lee (5147). Ack­
erman. formation (Tertiary); Hurleys, Benton . 
County, Miss. Midway formation~ (Tertiary); 
Earle, Tex. 

0 

Ficus harrisiana Hollick? 

Ficus harrisiana Hollick; A report on a collection of fossil 
plants from northwestern Louisiana: Louisiana 
Exper. Sta., pt. 5, p. 281, pl. 46, fig. 2, 1899. 

Berry, U.S. Geol. Survey Prof. Paper 91, p._201, pl. 
34, fig. 1, 1916. 

A single example from Dillon Canyon, N. 
Mex., is probably best referred to this form. 
It is very closely related to and was at first 
referred to Ficus occidentalis Lesquereux, but 
it is maintained as distinct by Berry in his 
recent work 

Occurrence: Raton formation (Tertiary); 
west side of Dillon Canyon, N. Mex., 1 mile 
north of mouth of Coal Canyon, collected by 
W. T. Lee (5147). Wilcox formation (Ter­
tiary) ; Vineyard Bluff, ~hreveport, La. 

Ficus denveriana Cockerell . 

Plate LXXV, figures 1, 2. 
- . 

Ficus spectabilis. Lesquereux (homonym, Ficus spectabilis 
Kunth and Bouche, Annalessci. nat., 3d ser., vol. 7, 
p. 235, 18<17), U. S. Geol. Survey Terr. Ann. Rept., 
'1872, p. 379, 1873; U. S. Geol. Survey Terr. Rept., 

. vol. 7 (Tertiary flora), p. 199, pl. 33, figs. 4-6, 1878; 
Harvard Coli. Mus. Comp. Zoology Bull., vol. 16, 
p. 50, 1888; U. S. Nat. Mus. Proc., vol. 11, p. 25, 
1888. 

Ficus denveriana Cockerell, Torreya, vol. 10, p. 224, 1910. 
Berry, U. S. Ge~l. Survey Prof. Paper 91, p. 19-8, 
1916. ' 

This fine species has the Denver formation 
at Golden, Colo., as its type locality, and all 
subsequent collections from this area show it 
to be a rather common form. It has also been 
reported from several other localities, all ap­
-proximately in the same stratigraphic position. 
Thus Cannon found it on Sheriff Creek, near 
Hot Sulphur Springs, in Middle Park, Grand 
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County, Colo., in beds referred to the· Denver; 
Brown obtained a doubtful speci1nen frotu the 
Lance fonuation of Weston County, Wyo., and 
Peale and Gold1nan found· it at several points 
near Colorado -Springs, Colo., in beds of post­
Laratuie age. 

Ficus spectabilis has also been reported' by 
Lesquereux fron1 two localities in L<?uisiana 
in beds said to· be the equivalent of the La 
Grange group of Safford, hence probably in 
the Wilcox formation and thus in the approxi­
mate position of the Denver. Its appearance 
in the post-Laramie ·beds of the Raton Mesa 
field, being intermediate between the northern 
and southern localities, was to have been ex­
pected. The Jeaf figured, which is fairly per­
fect, is not to be distinguished f:rmn certain of 
the leaves of this species from the Denver 
Basin. 

Occurrence: Denver formation (Tertiary); 
types, Golden, Colo. Raton· formation (Ter­
tiary), collected ·by W. T. Lee-Norman's 
ranch, 12 miles east of Raton, N.Mex. (5132); 
Yatlkee, locality 85, N. Mex._ (5137); near 
Yankee, N.Mex. (5142); Vermejo Vall~y, near 
n1outh of York Canyon, N. Mex. (5241); mesa 
north of Raton, N. Mex." (5132); Apishapa. 
Canyon, near Abeton, Colo. (5689); Apishapa 
Canyon, one-half mile west of Abeton, Colo. 

· (5686); :near Suffield mine, Colo. (5693); 
Wootton, Colo., 50 to 100 feet above Wootton 
coal (5712); Vermejo Creek, N. l\1ex. (5826); 
collected by G. B. Richai·dson's party-'­
Fishers Peak mine, ~ miles southeast of Trini­
dad, Colo. (5099); 7 miles southwest of ·Ber­
wind, Colo. (4121); 5 1niles above Aguilar, 
Colo. (5122); collecte.d by Orestes St. John-

. Wootton, Colo.; Long Canyon, N, Mex.; 900 feet 
above Trinidad sandstone. Wilcox formation 
('fertiary); severQ.l _ localities in Arkansas. 
and Louisiana. Midway formation (Tertiary). 

a pseudo three-ribbed appearance; midrib with 
·four or five pairs of secondaries, which are 
slightly curved upward and arch just inside 
the margin; basal pair of secondaries (ribs) 
with some seven or eight camptodrome branches 
on the outside; nervilles numerous, strong, 
1nainly unbroken. 

This form is represented by a number of well­
preserved leaves of ·different sizes, all regularly 
ovate with an ~btusely wedge-shaped hase and . 
an acuminate apex. . The smallest leaf noted 
is 4 centimeters long and 3 centilneters wide, 
and the longest is 10 centimeters long and 5.5 
centimeters wide. The nervation is very well 
shown. in the figures and need not be further 
described. . 

This species is undoubtedly of the .type of 
and n1ost closely related to Ficus planicostata 

· LesquerelL-x: 1 of the Black Buttes coal group of 
·Black Buttes, Wyo., regarded by the author 
as of post-Laramie age. It differs fron1 this, 
however, in several particulars, being dis­
tinctly ovate-acuminate instead of elliptical. 
with a rounded apex,· and obtusely wedge 
shaped at base instead of rounded or truncate; 
the nervation is of the same type in both. 

Occurrence: Raton formation (Tertiary) ; 
one-eighth mile northeast of Rockland mine, 
locality 1~0, north side of Cucharas Canyon, 
near Walsenburg; Colo., collected by W. T. Lee 
(5679). 

Ficus planicostata clintoni (Lesquereux) Knowlton. 

Plate LXXVI, figure 3. 

Ficus clintoni Le~quereux, U. S. Geol. Survey Terr. Ann. 
Rept., 1872, p. 393, 1873. 

Ficus planicostata clintoni (Lesquereux) Knowlton, U. S . 
Geol. Survey Bull. 152, p. 103, 1898. 

Ficus planicostata var. goldiana Lesquereux, U. S. Geol. 
and Geog. Survey Terr. Ann. Rept., 1873, p. 399, 
1874; 1J. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 202, pl. 33, :figs. 1-3, 1878: 

·Ficus neoplanicostata Knowlton, n. sp. The specimen, although not very well pre-
Plate LXXIII, figure 4; Plate LXXIV, :figures 2, 3; Plate served, appears to be referable to F. planicostata 

. LXXVI, figure 4. - clintoni. It· is rather shorter than is usual but 
Leaves thick in texture, ovate, broadest at otherwise ·does not appear essentially differe~t. 

or just below the ·middle, whence they are Occurrence: Raton formation (Tertiary); 
rounded to the obtusely wedge-shaped _base Norman's ranch, about 12 n1iles east of Raton, 
and above to the acuminate apex; margin per- N. Mex., near locality 92, collected by W. T. 
fectly entire; nervation .strong, pinnate, the Lee (5132). Denver formation (Tertiary); types, 
lowest pair of secondaries nearly. as stong as Golden, Colo. 
the midrib and arising at 9r more frequently 
just abov11 the hase of the blade, thus producing 

1 The Tertiary flora: U. S. Geol. Survey Terr. Rapt., vol. 7, pl. 31, 
figs. 1-8, 1~12, 1878. 
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Ficus latifolia? (Lesquereux) Knowlton.1 

·Ficus planicostata latijolia £esquereux, U. S. Geol. Survey 
Terr .. Ann. Rept., 1872, p. 393, 1873; U. S. Geol. 
Survey Terr. Rept., vol. 7, Tertiary flora, p. 202, 
.pl. 31, fig. 9, 1878. 

Ficuslatijolia (Lesquereux) Knowlton, U.S. Geol. Survey 
Bull. 152, p. 102, 1898. 

In one of the collections from the vicinity of 
Trinidad I find a single very fragmentary speci­
nlen that appears to belong to this species. 
Only a portion of the base is preserved, but so 
far as can be· made out it does not appear to 

· differ from the figure given by Lesquereux. 
Occur1:ence :·Laramie formation (Cretaceous); 

type, Golden, Colo. Raton formation (Ter­
tia~·y); Trinidad field~ Colo., 7_ niiles southwest 
of Berwind (S. 44° .w. from NE. corner ofT. 32 
S., R. 66 W.), collected by G. B. Richardson's 
party ·(5045). Wilcox formation (Tertiary); 
Shreveport, La. · 

Ficus pseudopopulus Lesquereux. 

Plate LXXI~,' figures 2-4; Plate LXXIII, figures 1, 2; 
Plate CXII, figure 3. 

Ficus pseudopopulus Lesquereux, U.S. Geol. Survey Terr. 
Bull., vol. 1, 2d ser., No.5, p. 387, 1876; U. S. Geol. 
and Geog. SurveyTerr.Ann. Rept.,1874, p. 313, 1876; 
U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary 
flora), p. 204, pl. 34, figs. 1a, 2, 1878. 

Berry, U. S. Geol. Survey Prof. Paper 91, p. 200, 
pl. 37' figs. 3-5, 1916. 

Lesquereux's original description is as fol-
lows: · 

Leaves of medium size, oval, pointed or acuminate, en­
tire, narrowed downward to a long petiole, palmately 
three nerved' from the base; lateral primary veins ~t an 
acute angle of divergence, ascending to above the middle; 
secondary veins two or three pairs, parallel to the primary 
ones but at- a great distance above them; <;livisions all 
camptodrome. 

The size was given ·as 8 to 10· centimeters 
long and 3 to 4 centimeters wide. The original 
locality, given as unknown, was conjectured to 
be in the Green River formation of Wyoming, 
but later the species was found in the lower· 
Tertiary at Evanston, Wyo. · 

The fine leaf here figured is referred to this 
species with a little hesitation. It is of the 
same shape, .though much larger; 'being about 
14 centimeters long and 7 centimeters wide, 
and has the lateral ribs at a very slightly more 
acute angle. Owing to the coa~seness of the 

1 This name is preoccupied and will be changed in a later publication, 
in which the data ma~ing the change necessary will be present,ed in full. 

matrix on which it is preservea none of the 
finer nervation has been retained. 

As regards the affinities or apparent affini­
ties of this species Lesquereux says: "This 
species is a remarkable one, rese1nbling a Cin­
namomum by its principal nervation, a Zizy­
phus' by the form of the· h~aves, a Populus by. 
its entire borders and lOI1g petiole, .a~d a Ficus 
by the areol~tion." 

Occurrence: Raton formation (Tertiary); 
collected by W. T. Lee-near Yankee, N.Mex. 
(5142); Spring Canyon, north of Vermejo Park, 
N. Mex. (5236); V e.rmejo Valley, near mouth 
of York Canyon, N. Mex. (5241); collected by 

·G. B. Richardson's party.;__ Trinidad field, lo­
cality 110, near northeast corner sec. 23, T. 32 
S., R. 64 W. (5101); 4 miles southwest of Ber­
wind, Colo., mine No. 37 (5120); collected by 
Orestes St. John-Wootton, Colo., about 1,050 
feet above the Trinidad sandstone. Lagrange 
formation (in beds of Wilcox age) (Tertiary); 
Puryear, Henry County, and Hatchie River, 
near Shandy, I-Iarden1an County, Tenn. · 

Ficus praetrinervis Knowlton, n. sp. 

This species occurs also in the Vermejo 
formation and for the full description, discus­
-sion of relations, and reference to figures, 
see page 263. · 

Occurrence: Raton formation (Tertiary); 
Riley Canyon, one-half mile north of Cokedale, 
Colo., collected by W. T. Lee (5699); Wootton, 
Colo., 50 to 100feet above the Wootton coal, 
collected by W. T. Lee (5712); hogback 2 miles 
southeast of Dean, Colo. (T. 32 S., R. 68 W.) 
in slide rock 200 feet above lowest coal, col­
lected by G. B. Richardson's party (5113). 
Vermejo formation (Cretaceous); see page 263. 

Ficus schirnp~ri Lesquereux. 

Plate LXXV, figs. 3, ·4 .. 

Ficus schimperi Lesquereux, Am. Philos. Soc. Trans., 
vol. 13, p. 407,· pl. 18, 'figs. 1-3, 1869. 

Berry, U. S. Geol. Survey Prof. Paper 91, p. 204, 
pl. 31, figs. 1-3, 1916. 

The lear here figured, although lacking all 
its upper portion, appears to be referable to 
.this species. It is of the same size and shape 
and has practically the same type of primary 
nervation, though the lowest pair of secondaries 
arise lower down than in the lea,£ shown. in 
Lesquereux's figure ?, the one that this leaf 

•' 
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most resembles. Even more closely resembling 
the type specin1ens are several fairly well-pre­
served examples from Vermejo Creek, N. }.1ex. 

Occurrence: Raton formation (Tertiary); 
collected by W. T. Lee-near Yankee, N. }.1ex., 
locality 85 (5142); Green Canyon 1nine, locality 
119, near Aguilar, Colo. (~684); p.ear Trinidad, 
Colo., locality 106 (sec. 9, T. 33 S., R. 64 W.) 
(5697); Vermejo Valley; near the· mouth of 
Salyers Creek, N.Mex. (5826). 

Ficus? smithsoniana (Lesquereux) Lesquereux. 

Juglans sm,ithsoniana Lesquereux, U. S. Geol. Survey 
1'err. Ann. Rept., ·1871, Suppl., p. 16, 1872. · 

Ficus? smithsoniana (Lesquereux) Lesqu·ereux, U. S. 
. Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), 

p. 200, pl. 32, fig. 5, 1878. . 

LesquerelL"<: describes this as ·follows: 
Leaf coriaceous, smooth,· lanceolate, gradually tapering 

upward from above the base and acuminate; borders entire 
·and undulate; middle nerve flat and broad; lower pair of 
lateral veins more oblique and ascending higher; nervation 
camptodrome .. 

The type of this species is now in the United 
States National }.1u~eum, being preserved on 
the same stone with the type of Sabal? ungeri. 
It is said to have come from "Fischers [Fishers} 
Peak, Raton Mountains, N. Mex.," and al­
though it is not known to have come from above 
the unconformity, the appearance of the 
matrix, as well as its association with a well­
known species which has been _found only in 
the upper beds, makes it reasonably certain 
that such is its position. It has been _fairly. 
well described and figured by Le~quereux.: Its 
length is about 13 centimeters and its width 
about 4 centimeters. The nervilles are numer­
ous, rather strong, and mainly broken; the' 
finer nervation produces rather· large quad­
rangular areas. 

Occurrence: Raton formation (Tertiary}; 
Fishers Peak, Raton Mountains, Colo., type, 
on same stone with type of Sabal? ungeri. 

Ficus richardsoni Knowlton, n. sp. 

Plate LXXVI, figure 1. 

Leaf thick in texture, broadly ovate. in shape, 
abruptly rounded to a slightly decurrent base, 
apex probably rather ·obtusely pointed; margin 
entire or slightly flexuose; petiole· slender; 
palmately five ribbed from the top of the 
petiole; midrib much the stronger, straight, 
with six or se~en pairs of slender, alternate 

•!7010°-17--. -20 

secondaries which curve upward along ~he 
lateral ribs, those from the middle and upward 
reaching the upper margin; middle pair of ribs· 
nearly as strong. as the midrib, reaching to 
within one-third the length of the blade fr01n 
the apex, each· with about ten secondary 
branches on the outside ·which are approx­
imately at right .angles to the n1idrib, curving 
upward and joining the one next above near 
the margin; lowest pair of ribs .. very slender, 

·passing up for about one-third the length of the 
blade and there joining with· a secondary 
from the middle pair of ribs; finer nervation 
not pres-erved. 

This fine large leaf, the only one of the kind 
thus far observed, was about 13 or 14 centi­
meters long and 8 centimeters broad at the 
broadest point, which is about one-fourth the 
length of the blade fron1 the base. It is re­
markable for its thick midrib with its several 
pairs of alternate, irregularly spaced secondaries, 
which begin just above· the base and supply 
the whole of the space between the next pail~ 
of ribs; it has also a few intercalated or inter­
mediate secondaries which disappear within 
short distances. The lateral strong ribs pass' 
high up in the blade and have numerous 
secondary branches on the outside which ai·e at 
a very different angle. to those on the midrib~ 
The lowest or outer pair ·of ribs is very slender, 
being hardly more than secondary branches 
from the extreme base of the middle pair of 
ribs, yet they run up for some distance ~nd are 
joined by several of the second~ries. 

This species resembles more or less ·closely 
a number of describ.ed fossil species (for· ex­
ample,Ficus praetrinervis,p. 263)~ with some of 
which it agrees perfectly in size, shape, and 
general appearance, but from which it differs 
in b.aving the secondary branches on the n1idrib 
filling the whole space· between the next pair 
of lateral ribs, and also in the position of the 
lowest or_ outer pair of thin ribs. · 

Occurrence: Raton forn1ation. (Tertiary); 5 
miles above Aguilar, Colo·., collected by G. B. 
·Richardson's party (5046). 

Ficus minutidens Knowlton, n. sp •. 

Plate LXXI, figure 2. 

Leaf very thick in texture, ovate, appar­
ently truncate or-slightly heart-shaped at base 
and obtuse at apex; margin with few, remotP, 
very small teeth; nervation strong, consisting 
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of a strong, straight midrib and four ·Or five unbroken and at right angles to the secondaries 
pairs of nearly as strong alternate secondaries, or the lateral ribs. 
which curve upward (some of the upper ones This species unfortunately is represented 
branched), the lower pair with six: or seven only by the single, very imperfect example fig­
branches on the outer side ending in the ured. It is, as may be seen from the illustra­
minute teeth or camptodrome below; nervilles tion, a regular ovate with a -rounded, then 
numerous, very strong, mostly unbroken and sljghtly heart:..shaped base. The length, ·so far 
at right angles to the secondaries. as can be n1ade out, was about 9 centimeters 

The specimen figured is the only one thus and the width.about 7 centimeters. 
·far observed in the collections. It is frag- Occurrence: Raton formation (Tertiary); 
mentary, lacking both base and apex. as well as Honeyfield mine near Yankee, N. Mex., 75 
most of one side. It appears to have been 10 'feet above' the base of the Raton formation, 
or 11 centimeters in length and about 9 centi- collected by W. T. Lee (5140). 

meters in width. It is remarkable -for. the Artocarpus similis Knowlton, n. sp. 
strong Ficus-like nervation and its remotely 
and minutely toothed margin. Plate LXXVII; Pla.te LXXVIII, figures 1; 2. 

At :first sight this leaf appears to belong to Leaf of large size, coriaceous in texture, 
the type of Ficus planicostata Lesquereux and apparently long elliptical in general outline, 
F. latifolia. (Lesquereux) Knowlton, both of . deeply cut into two or mor~ pairs· of opposite 
which are so abund~nt at Black Buttes, Wyo.; or subopposite large lobes which are rather 
and in fact it does agree with this type in size, broad and acute or obtusely acute, separated by 
shape, and nervation but differs absolutely' broad rounded sinuses; terminal lobe ovate;. or 
in the character of its margin. In the lower ovate-elliptical, apparently rather obtuse, lower 
part of the margin it shows only faint indica:... lobes progressively sn1aller tow~rd the base; 
tions of teeth in the form of slight undulations, nervation rather slender, craspedodrome, the 
but above it has definite though small and thin secondaries· ending in the lobes; inter­
scattered teeth . which are entered by the mediate secondaries passing up to and forking 
secondaries or br~nches from them. just under the sinuses. 

Occurrence: Raton formation · (Tertiary); As indicated above, this leaf was undoubtedly· 
Wootton, Colo., 50 to 100 feet below the of large size, the portion preserved being neady 
Wootton coal, collected by W. T. Lee (5711). 18 centimeters long. The whole leaJ ·could 

Ficus ratonensis Knowlton, n. sp~ 

Plate LXXIV; figure 4. 

Leaf firm in texture, ovate in shape, abruptly 
rounded to a truncate, slightly heart-shaped 
base (apex destroyed, apparently acuminate); 
nervation palmately five or seven ribbed from 
the top of the petiole, midrib strongest·, 
strajght, with three or four pairs of alternate, 
remote, thin camptodr'ome secondaries; next 
pair of ribs emerging at an angle of about 45 °, 
curving upward and joining the lowest pair of 
secondaries; next pair; of ribs arising nearly at 
a right angle with the midrib, then much curv­
ing upward and joining. the ribs above, these 
-ribs with three or four secondary branches- on 
the lower side, the. first one arising at the very 
base and thus givipg the leaf a seven-ribbed 
appearance; all ribs and secondaries campto­
drome, often with a series· of large loops on the 
outside; nervilles prominent, strong, mai~ly' 

hardly have been less than 25 centimeters in 
length. The width between the tips of the 
lobes is 12 to 14 centimeters. This specin1en 
is not well preserved aJ?-d lacks the basal portion 
mid practically all of the nervation except the 
midrib and the secondary branches passing to 
the tips of the lobes. . 

This species is mostly closely related to fonns 
from the Denver Basin, which are now believed 
to represent two species. These are Artocarpus 
lessigiana (Lesquereux) Knowlton 1 

( origin~lly 

described as Myrica? lessigiana) and Artocarpus 
pungens (Lesquereux) Knowlton (first named 
Aralia pungens). At one time I.was inclined to 
unite these forms, 2 but from eVidence now at 
hand it seems best to consider them distinct, 
though their differences are not very great. 
Artocarpus lessigiana is inuch the larger an·d 
has very. broad, relatively obtuse lobes and 

1 Science, vol. 21, p. 24, 1893. 
2 Knowlton, F. H., A catalogue of the Cretaceous and Tertiary plants 

of North America: U. S. Geol. Survey Dull. 152, p. 42, 18!)8. 
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Order ARISTOLOCHIALES: 

Family ARISTOLOCHIACEAE. 

Aristolochia? elongata Knowlton, n. sp •. 

Plate LXXVIII, figure 3. 

Fruit flattened, narrowly elliptical or long 
oblong in out.line, roundecl and• Yery obtuse at 
the distal extremity, abruptly rounded to .a 
very short pedicel at base, 28 millimeters· long, 
10 to 11 n1illin1eters brmid; 1narked with two 
rather prominent longitudinal ribs which diYide 
the surface into four approximately equal areas. 

The two. fruits figured are all that has been 
observed of this for1n. Fron1 the position they 
now occupy it seems probable that they were 
attached to an .axis, now disappeared, by the. 
very short pedicel preserved. Although now 
compressed to ·a thickness of only 2 to 3 milli­
meters, they were probably little flattened when· 
perfect. -Fron1 the presence of two longitud­
inal ribs, it is inferred that they were six ribbed. 

This species n1ost closely resen1bles Oarpites 
pealei Lesquereux, 1 froi)l.the Miocene lake beds 
at Florissant; Colo., but differs fron1 it in its 
much larger size, short-pediceled base, and lack 
of fine, parallel strine. 

In a gen~ral way, these frui t.s are also like 
those of: Aristolochia oeningensis Heer, 2 except 
that they are longer, narrower, ·and haYe finer· 
striae. As they seen1 at least to be congeneric 
I have placed thmn in the genus Aristolochia 
rather than in the nondescript Carpites . 

. Occurrence: Raton· formation (Tertiary); 4 
m1les so~thwest of Berwind, Colo., collected by 
G. B. RIChardson's party (5120). · · 

Order RANALES. 

Family NYMPHAEACEAE. 
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This splendid species is represented only by 
the example figured, which unfortunately lacks 
most of one side and all of the apical portion. 
The base and all of one side are prese:r;1t and ex.:. 
hibit well the general outline and character~ 
istic nervation. It appears that the leaf was 
nearly orbicular with a transverse diameter 
of about 12 centimeters; but as its 1nidrib does 
not fork or branch within as short a distance 
as do the other ribs, the leaf may possibly have 
been slightly pointed or. prolonged, as in certain 
living species of the genus Castalia. In sotne 
respec.ts. this leaf see1ns to combine the charac­
ters of the leaves of both Castalia and Nelumbo. 
The orbicular or orbicular-ovate shape and 
deeply lobed base with the basal lobes rounded. 
are characters indistinguishable fron1 those of 
Castalia but at variance with those of Nelumbo; 
in which the leaves are centrally peltate. In 
Castalia, however, the midrib is always dis­
tinct, and usuallyhas several pairs of opposite 
forking secondaries; the other ribs radiate from 
its base. ln Nelumbo the equally strong ribs 
all radiate fr0111 the depressed center of the 
blade. In the present leaf the midrib· is not 
wholly preserved, but the portion retained 
shows ·no indication of branches or secqndaries, 

·though there doubtless were such in the upper 
portion. In the living Castalia the midrib and 
lateral ribs all arise at the extreme base of the 
blade, but in the fossil C. leei the ribs arise a 
short but appr.eciable distance above the base 
of the lan1ina. ·On the whole, however, this 
leaf appea~s to be closest to Castalia and may 
be so considered until further information is 
a;ailable. It is a well-marked form that can 
be identified in the future with certainty, pro­
vided sufficiently well-preserved material is at 
hand. . · 

Occurrence: Raton formation (Tertiary); o.ne­
eighth mile no,rtheast of Rockland nline, near 
Walsenburg, north side of Cucharas Canyon, 
Colo., collected by W. T. Lee (5679). 

N elumbo lakesiana (LesquerC:mx) Knowlton, n. comb. 

Nelumbium lakesianum · Lesquereux, U .. S. Geol. Survey 
Terr. Ann. Rept., 1873, p. 403, 382, 1874. · 

Knowlton, U. S. Geol. Survey-Bull. 152, p. 151, 1898. 
Nelumbiu.m lakesii Lesquereux, U. S. Geol. Survey Terr . 

Rept., vol. 7 (Tertiary flora), p. 252, pl. 46, figs. 
1, 2, 1878; U.S. Geol. and Geog. Survey Ann. Rept., 
1876, p.· 514, 1878; .Harvard Coll. Mus. Comp. 
Zoology Bull., vol. 16, p. 53, 1888. 

The t~pe specimens of this beautiful species 
are p~eserved in the United States N a tiona! 

Museum (Nos. 370, 371), with a number of 
others 1nore recently found .. The originals ·are 
from the Denver formation at Golden, Colo., 
and although the large collections made at the 
same locality in 1890 by Arthur Lakes do not 
contain this species, it was present in the collec­
tion determined by Lesquereux for the Harvard 
College Museu1n of Comparative Zoology, at 
Cambridge, Mass. 

In the collections also made by Lakes in 1890 
near the Douglass coal n1ine, Sedalia, Colo., 
there were found no less than five more or lesB 
perfect specimens that are.referred with much 
certainty to ·this species. They have the san1e 
thick ribs, producing, when preserved on simi·· 
lar· material, the rough appearance described. 
by Lesquereux. The nu1nber of ribs is usually 
14, although one has but 13, t:P.e nun1ber de-· 
scribed as present in N. tenuifolia. One speci-· 
men shows the under surface of the leaf and a 
small portion of the petiole, which.is 3.5 nlilli­
meters in diameter, or about the size of the 
petiole in the living N. lute"a of eastern North 
A1nerica, although the leaf appears to have 
been rather s1naller than the usual size of that 
·living. species. The 1nargin is not well enough 
preserved to show with certainty the 1nanner in 
which the nerves enter it. 

This species is obviously n1ost closely related 
to N. tenuifolia, fron1 · which it appears to 
differ, as pointed out by Lesquereux, by its 
evidently thinner texture and the lighter char­
acter of its ribs. These differences, however, 
are not great and may be entirely due to the 
age of the leaf, .as Berry has said regarding the 
supposed differences between certain species of 
the Atlantic Coastal Plain. · 

So far as can be ascertained N. lakesiana is 
also very close to N. arctica Heer, 1 from . the 
Atane beds of Greenland. The Arctic species 
is, .however, only a small fragment of the en­
tire leaf; it has 13 thick ribs radiating from a 
common center, but the :finer nervation Is 
obsolete. 

In ·one of the large -collections from the 
Fishers Peak region I have found a single speci­
men that appears to belong to fV. lakesiana. 

. It is very fragmentary, lacking all of the margin 
and a portion of one side, but in the manner 
of the insertion of the petiole and the radiation 
of the thirteen or fourteen ribs it is identical. 

1 Flora fossilis arctica, yol. 6, .Abt. 2, p. 92, pl. 40, Dg. 6, 1882. 
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Occurrence: Denver formation (Tertiary); 
Golden, Colo. Dawson arkose (Tertiary); 
3,000 feet east of the Douglass coal mine, near 
Sedalia, Colo. Raton formation (Tertiary); 
Fishet'S Peak mine, 3 miles southeast of Trini­
dad, Colo., collected by G. B. Richardson's 
party (5099). 

Family MAGNOLIACEAE. 

lJfagnolia angustifolia IS suggestive of lJf. 
laurifolia Lesquereux, from the Wilcox forma­
tion of Mississippi, from which it differs in 
having the finer secondaries at a more acute 
angle in the basal portion. In shape it agrees 
with M. Zanceolata Lesquereux (now M. 
dayana Cockerell, 1 from the aurifero~ gravels ' 
(Miocene) of California, but differs "from it in 
having much less numerous secondaries set at 

Magnolia angustifolia Newberry. a slightly different arigle. 
Pint€' LXXIX, figure l; Plate LXXX; Plate LXXXI, Occurrence: Raton formation (Tertiary) ; 

figure L collected by W. T. Lee_:_type, Fishers Peak, 
'1'enninal·ia radobojensis Hem·: Lesquereux, U. S. Geol. Colo'., Yankee, locality 85, N. Mex (5142); one- . 

Smvey Terr. Ann. ~ept., l87l, Suppl., p. 15, 1872· half mile north of Brilliant, Colo. (5154); . 
1l1aynol·ia angustijolia Newberry, U. S. Nat. Mus. Proc., . 

·vol. 5, 1882, p. 513, 1883. · Rouse, Colo. (5683); Green Canyon mine, lo-
Berry,U.S.Geol. SurveyProf. Paper9l,p.214,).916. cality 119, near Aguilar, Colo. (5684); Api-· 

:Magnolia atten1wta Weber. Lesquereux, U. S. Geol. !?hapa · Canyon, Colo. (5686); same (5689); 
· Survey Terr. H.ept., vol. 7 (Tertiary flora), P· 250, · mine at Delagua, Colo. (5690); near Trinidad, 

pl. 45, fig. G, 1878. Colo., locality 106 (sec. 9, T .. 33 S., R. 64 W.)', 
Leaves evidently thick in te"xture, narrowly (5697); south wall of Purgatory Canyon at 

lanceolate or slightly oboyate-lanceolate in mouth of' Riley Canyon, near Cokedale,· Colo., 
shape, from 16 to 20 centimeters long, 4 to ~ 50 to 150 feet above base of Raton formation 
centimeters wide, with ari acillninate apex and · (5704); one-half mile south of Starkville, Colo. 
a long narrowly wedge-shaped base; midrib rei- (5797); Wootton, Colo., 50 to 100 feet above 
atively very thick, particularly below, much Wootton coal (5712); dump of Turner mine, 
more slender above;. secondaries about. twelve 1~ miles north of Wootton, Col9. (5714); Wet 
to fourteen pairs, rather slender, alternate, at Canyon, 4. miles northwest of Weston, Colo. 
an angle of about 45°, considerably curved (5799); Tercio, Colo., ~bout 200 feet above 
upward near the margin, camptoch·ome; finer top of basal conglomerate (5803); Vermejo 
nervation not retained. Valley near mouth of Salyers Creek, N. Mex. 

This species is represented by a number of (5826); Ute Park, N. Mex. (5830); collected 
very well preserved leaves from severallocali- by G. B. Ric.hardson's party-5 miles above, 
ties, four of the best of which are figured. Aguilar, Colo. (5122); 3 miles above Aguilar,. 
The \Tery perfect example shown in Plate Colo. (5118); · one-fol.!l'th mile southeast of 
LL~~' figure 2, is fully 20 centimeters long Santa Clara, Colo. (5126); collected by F. IL 
and about 4.5 centimetera wide ·and has a Knowlton-Hillside just west of south end of 
rather slender acuminate apex. The other Raton tunnel, .north of Raton, N. Mex. (5464); · 
specimens figured are from a different locality collected by Orestes St. John-Wootton, Colo., 
and are equally perfect, especially that shown Long Canyon, N. Mex.; Smith's r~ch, South 
in Plate LL~~' figure 1. · Raton Canyon, N .. Mex.· Wilcox formation 

The basal portion of these leaves. is indis- (Tertiary); near Coushatta, ··La., and Puryear, 
tinguishable from the portion figured by Les- I-Ienry County, Tenn. 
quereux from Fishers Peak, Raton Mountain, 
under the name of Magnolia attenuata We her. 
This name was changed. by Newberry to 1J1. 
angustifolia, on the ground that it was not the 
same as the Euiope.an leaves so called. ·It is 
evident that Newberry had material from 
Fiohers Peak when he made .the change in 

·names, for his descriptiqn agrees perfectly with 
the leaves here described and figured from the 
smne general region, ex;cept that he gives the 
size as slightly larger than any I have observed. 

Magnolia laurifolia Lesquereux. 
' 

Plate LXXXV, figure 2; Plate CVI, figure 2. 

},{agnolia laurijolia Lesquereux, Am. Philos. Soc. Trans., 
vol. 13, p. 421; pl. 20, fig. 3 (not fig. 2),1869. 

In one of the large collections from above 
Aguilar I find the specimens here figured, 
neither of which can be distinguished from Les­
querelix's lJfagnolia Zaurifolia, originally found 

1 Am. Naturalist;, vol. 44, p. 35, 1910. 
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in the Wilcox formation of Mississippi. One· scribed with it are accredited to Tennessee, 
of the specimens is the basal portion of a fine · ]f. hilgardiana remains as the only one which 
leaf similar in every respect to the smaller of must have come from the "chalk banks ot the 
the two figures given. by Lesquereu.X. It was Mississippi." The State whence it came is not 
p~obably about 15 centimeters in length when actually named, but the fact that nine years 
perfect and is 5 centimeters broad at the broad- later Lesquereux again records and figures the 
est point. The extremely thick midrib and same specimen among the "Fossil plants from 
numerous close, parallel, thin second'aries are the Tertiary of Mississippi" 1 makes it probable 
identical. . that It actually came frorri Mississippi. 

Occurrence: Wilcox formation (Tertiary) ; Magnolia hilgardiana was next reported 
. types; Mississippi. Raton · formation (Ter- (1872) as doubtfully contail1ed in a collection 

tiary); 5 miles above Aguilar, Colo., collected from above the coal at Evanston, Wyo. The 
by G. B. Richardson's party (5046). · specimen on which this determination was based. 

Magnolia hilgardiana Lesquereux. 

Plate LXXIX, :figure 2; Plate LXXXV, :figure 1. 

showed, according to Lesquereux, "the middle 
part· only of a large leaf with undulate entire 
borders and the nervation of this species."2 

Magnolia hilgardiana ·Lesquereux, Geol. Recon. Arkansas It was never afterward mentioned by Les­
. Se~ond Rept., P- 319, pl. 6' fig. 1' 1860; Am. Philos. quereux and was either discarded altogether or 

Soc. Trans., vol. 13, p. 421, pl. 21, fig. 1, 1869; U. S. . d . h h f · h · 
was unite Wit some ot. er orm; t e speCies Geol. Survey Terr. Ann .. Rept., 1871, SuppL, pp. 12, 

15, 1872; U. S. Geol. and Geog. Survey Terr. Ann. has not since been found at this locality. 
Rept., 1873, pp. 382; 385, 1874; idem, 1876, p. 513, In the same vol~1me 3 M.. hilgardiana was re-
1878; U. S. Geol. Survey Terr. Rept., vol. 7 (Ter.: ported from "Fishers Peak, N. Mex." This .. 
tiary flora), P- 249, pl. 44, fig. 4' 1878; idem, vol. 8 specimen is preserved in the United States 
'(Cretaceous and Tertiary flora), P~ 233, 1883; U. S: · 
N M P 1 · 29 1888 National Museum (No. 365) and is the original at. us. roc., vo . 11, p. , . 

Hollick, A report on a collection of fos8il plants from of Plate ·XLIV, figure 4, of'' The Tertiary flora.'' 
northwestern Louisiana: Louisiana Exper. Sta., · Although it is a mere fragment from the part 

. pt. ·5, p. 282, pl. 39, 1899. · near the middle of a large leaf, with hardly an 
Magnolia laurifolia ·Lesquereux, Am .. Philo'S. Soc. Trans., inch. of the. true margin preserved, it agrees 

1 vol. 13, p. 421, pl. 20,.fig. 2 (not fig. 3), 1869. l ll · h h fi f h" 
Terminalia hilgardiana (Lesquereux) Ber:ry, U. S. Geol. fair Y we Wit t e type gures O t IS spe~ies as 

Survey Prof. Paper 91, p. 325, pl: 92, fig. 2, 1916. well as with a ·number of extremely well pre-
served leaves in W. T. Lee's collections from Berry has repently united Lesquereux's 

Magnolia laurifolia with Magnolia hilgardiana the same region. 
Lesquereux under the name of Terminalia Magnolia hilgardiana has also been accred-

ited to the Fort Union formation 4 on the basis hilgardiana. A reexamination of . tlie figures 
~convinces me that, though it may be correct to of a statement made by Lesquereuxs that 

d L ' fi ure 3 as 'dent' cal w'th "a fine, fully preserved leaf of this species is in regar esquereux s g I I c I 
· Prof. Winchell's collection from the. Yellow­Magnolia hilgardiana, his figure 2 is distinct and 

js entitled to separate recognition. I think stone Valley." This specimen was not figured 
there can be no doubt as to the identity of nor is its location now known, and I can only 
Lesquereux's figure 3 of Magnolia laurifolia say that I have not detected it in any of. the 
and the well-preserved leaves here figured from extensive collections that have passed through 
Aguilar, Colo. I also doubt the propriety of my hands from these beds. 

T · l' d f The final mention of -this species in the _ referring \hese leaves to erm~na ~a, an or 
the present, at least, I prefer:to keep them in. liter~ture is by Hollick, who reports and 
Magnolia. figures it from the vicinity of Coushatta, La., 

This species was first described and figured in beds presumed . to belong to the Wilcox 
by Lesquereux in 1860, in the se~ond Report of formation ("Eo-lignitic" of older writers). 
the Geological ·Reconnaissance of Arkansas. 
As there stated, however, the specimens did not 
come from Arkansas but "from the chalk banks 
of the Mississippi and from the red shales of 
Tennessee." As the other two species de-

1 Am. Philos. Soc. Trans., vol. 13, p. 421, pl. 21, fig. 1, 1869. 
2 U.S. Geol. Survey Terr. Ann. Rept., 1871, Suppl., p. 12, i872. 
a Idem, p. 15. 
•cr. Ward, L. F., Synopsis of the flora of the Laramie group: U. S. 

Geol. Survey Sixth Ann. Rept., p. 529, 18116~ 
5 The Crctaceousand Tertiary floras: U. S. Geol. Survey Terr. Rept. 1 

vol. 8, p. 233, 1883. 
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T~s leaf,· a nearly perfect specimen, agrees article and without additional inforn1ation. 
closely with Lesquereux's originn,l figures of In the report for 1870 it is simply given in a list 
the species and is undoubtedly identical with and :referred to the locality n1entioned above, 
the leaf here figured from the Rockland mine, and in the report for 1876 it js also n1entioned 
Cucharas Canyon, Colo., ·.in the Raton for- in a list without indication of locality, though 
mation. · probably it was based on the san1e material.· 

Ftom the aoove exposition it appears that It does not appear to have been properly de­
this species may fairly be assumed to enjo'y a scriqed and figured until. ,the publication of 
very wide distribution and to have been found "The Tertiary flora," though in the IIayden 1 

only in rocks of lower Tertiary age. report for 1872 s.pecin1ens from Black Buttes, 
Occu11·ence: Wilcox formation ·(Tertiary);· .Wyo., that were later referred to this species,· 

type, Mississippi and near Coushatta, La. were described under Heer's nan1e of ]{agnolia 
Fort Union formation~ (Tert1m:y).; Valley of inglefieldL O( the specimens of tlus species 
Yellowstone RiverJ Mont. Raton formation figured in "The Tertiary flora" (Pl. XLV), all 
(Tertia~·y); one-eighth mile northeast . ~f'· -the but two of the "types" are preserved in the 
Rocldand mine, locality 119, north· .side o.f, Unite.d States National Museu1n, but there ap­
Cucharas Canyon, near Walsenbp.rg, Colo., col- pears to have been sonw confusion as. to the 

'lected by. w. T. Lee .(5679); Yankee, lo9ality localities whence' some of thein CaJ;lle. Thus, 
85, N. Mex., collected by W. T. Lee (511:~); the original of figure 3,.Plate XLV, is recorded 

·also the following, all collected by G. B. in the :Museum: catalogue (No. 368) as conung 
Richardson's party-2! miles north of ':1)-jJ!i.d.ad frmn Golden, Colo., but the 1natrix proves be­
field, locality 110, near northeast corner seq. 23, yond reasonable doubt ,that it ca1ne. fro1n 
T. 32 S., R. 64 W. (5101); near locality 109, Bla·ck Buttes, Wyo.; and the sa1ne is true of 
Trinidad, Colo~ (5094); 4 miles north of 'lrini- another duplicate specip1en (~ o .. 366) of this· 
dad, Colo., near locality 109 (5!'02); Riley Can- species. The original of figure 2 is undoubtedly 
yon, 2 miles above Cokedale, Colo. (5105); Riley fron1 the Denver for1nation at Golden, Colo. 
Canyon, Colo. (5103); 5 miles. above Aguilar, (U. S .. Nat. Mus., 367), and that of figure 5 
Colo. (5122). ' fron1 Bridger Pass, Wyo. (No. 369), although 

Magnolia magnifolia Knowlton, n. sp. 

Plate LXXXIV. 

Magnolia tenuinervis Lesquereux, U. S. Geol. Survey 
Terr. Rept., vol. 7 (Tertiary flora), p. 249, ·pl; 44, 
figs. 5, 6, pl. 45, figs. 1-3 (not pl. 45, figs. 4, 5), 1878. 

Leaves generally of large size, evidently sub­
coriaceous in texture, broadly lanceolate, 
broadest near or just above the nuddle, rather 
obtusely pointed at apex and wedge shaped at 
base (petiole not observed); nridrib very thick 
below, beconring n1uch thinner above; secon­
dm·ies about twelve or fourteen pairs, strong, 
alternn.te, somewhat irregular, especially in the 
nuclclle of the blade, curving upward well inside 
the 1nargin; nervilles 1nainly percurrent and at 
right angles to the secondaries. 

J1agnolia tenuinervis was named, though not 
adequately described, by Lesquereu..x in 1868, 
frmn 1naterial o.btained in." Lignite beds near 
Golden City, Colo./' and hence presu1nably in 
the true Laranrie forn1ation, as the· Denver 
forn1ation has not been found coal bearing at 
tlus locality. Its next mention in 1S69 (re­
print 1873) is a verbatin1 copy ·of · the first . : 

tlus latter locality was once erased fron1 the 
Musemn catalogue. The originals of figures 1 
and 4 can not now be fou:p.d, nor can that of 
figure 6, Plate XIX, of "The Cretaceous ~and 
Tertiary floras,." though the original of figure 4 
is, according to Lesquereu..x, one of the speci­
mens ·upon wluch Magnolia tenuinervis was 
foun~ed, and _hence is the real type of the 
species. The original of figure 5, Plate XLIV, 
of "'The Tertiary flora" can not now be fol.u1cl, 
nor is it k1~own whence it ca1ne; there is no 
evidence to show that it v;ras .ever the property 
of the United States National :Museum. The 
original of figure 6, Plate XLIV,. of "The Ter­
tiary flora" is No. 366 of the Museum col­
lections, and is recorded as having come from 
Golden, though the matrix would seen1 to indi­
cate that it comes from Black Buttes, Wyo. 
The only localities given by Lesquereux in 
"The Tertiary flora" are Golden and Black 
Buttes. 

I have given at length the intricate and con1-
plicated history of what, for more than 40 years, 

1 U.S. Geol. Survey Terr. Ann. Rept., 1872, p. 396, 1873 . 
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has been passing under the name of Magnolia 
tenuinervis Lesquereux, and· the result is seen 
to be a nearly · hopeless· tangle. For . more 
than 10 years after it was named it remained 
a nomen nudum, and even when -it was 
described and figured it was based on such a 
heterogeneous assen1blage of forms that are 
obviously not conspecific and may not aJ.l be 
congeneric, from unknown or doubtful locali­
ties, that it seems best to abandon the current 
acceptance of this· "species" and start afresh. 
The difficulties into which thi~· miscellaneous 
aggregation· has led subsequent writers is 
shown by the fact that it is supposed to have a 
vertical range from the Mesaverde formation 
to the Denver formation, or even later. But, as 
the rules of nomenclature do not permit the 
abandonment of a name so long as it can not be 
clearly referred to another earlier species, it is 
proposed hereafter to restrict the name },fagno­
lia tenuinervis to figure 6, Plate XLV, of" The 
Tertiary flora," for this, so far as can ·be made 
out, is the figure of the specirnen f~om '' Golden 
City, Colo.," upon which the "species" was 
based. It is a mere fragn1ent of the upper por­
tion of a leaf that can not-be positively identi­
fied with anything and may not he a Magnolia.· 

· The type specimen itself is lost, and it can not 
be deternlined whether it belongs to the Lara­
mie or the Denver formation, and it must 
serve as an unhappy heritage to hold the name 
and prevent further confusion and nususe of 
Lesquereux's species. 

Lesquereux appears at first to have inclined 
to the opinion that figure 5, Plate XLV, of "The 
Tertiary flora," said to be from .Bridgers Pass, 
was not conspeci:fic with the other leaves he 
figured as },fagnolia tenuinervis. I agree \vith 
this view and believe it should be renwved· and 
given another na1ne.1 I forn1erly identified as 
Magnolia tenuiner'Uvis a- leaf from Coalville, 
Utah, ~n the basis of its resemblance to Les­
quereux'sfigure5, abovediscussed. 2 As pointed 
out at the time this Coalville leaf <;loes not agree 
perfectly with Lesquereu.x:'s, and· I am now 
convinced that ·it should be removed from M. 

· tenuinervis and given another name.3 

There remains Plate XLIV, figures 5 and 6, 
and Plate XLV, figures 1 and 3~ of "The Ter-

' This may be called .Magnolia? inquirenda n. sp. 
2 Flora of the Montana formation: U.S. Geol. Survey ~ull. 163, p. 55, 

pl. 14, fig. I, 1900. . 
8 This may be known as Magnolia? coalvillensis n. sp. 

tiary flora," and these niay, without obvi.ous 
violence, be considered conspeci...fi.c, though three 
of these (5, 6, and 3) are n:{ere fragments and con­
fessedly of little value. So far as known they 
come from the Black Buttes coal group of Black 
Buttes, Wyo. (regarded by the author as of 
post-Laramie age), and the Denver formation 
at Golden, Colo. T~ese five figures are ·here 
transferred to Magnolia magnifolia. 

Magnolia magnifolia is apparently the largest­
leaved fossil species thus far described from 
American rocks, the maximum length observed 
approximating 30 centimeters and the width 10 
or 12 centimeters. The . characters are ex­
cellently well shown in the nearly perfect ex­
ample here figured .. ·Among living species it 
appears to be n1ost' closely related to a species 
cultivated in the parks of the District of Co- · 
lumbia under the name of M. mexicana, from 
which its leaf differs mainly in- having a more 
wedge-shaped base. 

Magnolia magn?folia is perhaps the most 
abundant and widely distributed species thus 
far observed in the post-Laramie rocks of the 
Raton Mesa region; though few specin1eri.s of it 
are perfectly preserved. It n1ay be known by 
its large size, ra~er obtuse apex, wedge-shaped 
base, and especially by the irregular sp·aciflg of 
its secondaries near the middle of the blade .. 
Almost all specimens have a short intermediate 
secO'Ildary between these widely spaced secon­
daries. 
· Occurrence: Denver formation (Tertiary), 
Golden, Colo. Black Buttes coal group (re­
garded by the· author as of post-Laramie age), 
Black Buttes, Wyo·. Raton formation (Ter­
tiary); collected by W. T. Lee-type, dump of 
Delagua mine near Delagua, Colo. (5690); 
junction of Dillon ·and Coal canyons, near 
Blossburg, N.Mex. (5149); Norman's ranch, 12 
mile~ east of Raton, N. Mex., near locality 92 
(5132); one-half mile north of Brilliant, Colo. 
(5154); 3 miles southwest of walsenburg, 
Colo., near locality 120 (5678); Green Canyon 
mine, locality 119, near Aguilar, Colo. (5684); 
Apishapa Canyon, Colo. (5686) ;· 1 mile north of 
Trujillo Plaza, Colo~ (5687); Apishapa Canyon, 
Colo. (5687); Apishapa Canyon, Colo. (5689); 
locality 106, near Trinidad; .Colo. (5697); near 
Cokedale, Colo. (5702); Wootton, Colo. (5712); 
Wet Canyon, 4. miles north of Weston, Colo. 
(5799-); North Fork of Purgatoire River, Colo., 
locality 136_ (5801); Tercio, Colo. (5803); 

.. 
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Vermejo Valley near the mouth of Salyers collected by W. T. Lee (5798). Ackerman 
Creek, N. Mex. (5826); Raton field, Canadian formation, Hurleys, Miss~ Lagrange forma-

. Canyon, 1 mile east of Jones Canyon (5291) ;. 'tion (in beds of W~cox age), Puryear, Tenn. 
collected by or for G. B. Richardson's party­
Powell Arroyo, near locality 107, near Trinidad, 
Colo. (5111); south side of Apishapa River, Colo. 
(5119); 5 miles above Aguilar, Colo. (5122); one­
half n1ile north of North Fork of Purgatoire 
River, between Virgil's and Wood's ranches 
(5114); collected by Orestes St. John:-Woot­
ton, Colo., Smith ranch, South Raton Canyon, 
N. Mex.; Morley coal district, Colo.; collected 
by F. 1I. Knowlton-south end of Raton tunnel, 
6 ~iles north of Raton, N. Mex. (5464). 

Magnolia leei Knowlton. 

Plate LXIV, :figure 2; Plate LXV, :figure 2; Plate LXXXI; 
:figure 2. 

Magnolia leei Knowlton, in Berry, U.S. Geol. Survey Prof. 
Paper 91, p. 215, pl. 43, :figs. I, 2, 1916. 

Leaves small or medium; elliptical or ellip­
tical-lanceolate ,in shape, more or less wedge 
shaped at base, 'long taper powted at apex;· 
margin entire, slightly undulate; midrib strong, 
straight; secondaries about nine pairs in the 
smaller leaves and eighteen to twenty pair~ in 
the larger leaves, alternate, .rrregular, some:­
what curved upward, camptodrome, for.J;Uing 
broad loops near the margin; finer nervation 
obscure." 

Three of the best specimens are figured. Of 
these the 'largest is about 23 centimeters long 
and nearly 6.5 centimeters wide at a point just' 
below the middle. The next in size is about 
14 centimeters long and the san1e width as the 
largest, and- th.e smallest is 13 centimeters long 
and 5.5 centimeters wide. The long, slender 
apex is well shown in two of these specimens; 
in the third it is somewhat shorter and i$ per­
haps not all preserved. 

It is with some hesitation that this is de­
scribed as a new species, especially when there 
are so· many species already named from these 
beds. It is perhaps most closely related to 
Magnolia rnagnifolia and },!.. hilgardiana, but 
differs from ~V. rnagnifolia in size, somewhat in 
shape, and in its taper-pointed apex, and from 
M. hilgardiana in size, in ·its taper-p'ointed 
apex, and slightly in the disposition of its 
secondaries. 
' Occurrence: Raton form.ation (Tertiary), 
Vermejo Park, N. Mex., collected.by W. T. 
Lee (5826); dump from mine at Primero, Colo., 

· Magnolia 'Iesleyana Lesquereux. 

Plate LXXXII, figures 1, 2. 

Magnolia lesleyana Lesquereux, Fossil plantsfroin the Ter­
tiary of :Mississippi: Am. Philos. Soc. Trans., vol. 13, 
p. 421, pl. 21, :figs. ~' 2,.1869; U. S. Geol. Survey 
Terr. Ann. Rept., l870, p. 382, 1871; idem, 1871, 
Suppl., p. 14, 1872; U. S. Geol. and Geog. Survey 
Terr. Ann. Rept~, 1873, pp. 382, 403, 1874; idem, 
1876,. p. 513; 1878; U. S. Geol. Survey Terr. Rept., 
vol. 7 (Tertiary flora), p. 248, pl. 44, figs. 1-3, 1878. 

Terminalia lesleyana (Lesquereux) Berry, U. S. Geol. 
Survey Prof. Paper 91, p. 323, pl. 89, 1916. 

Leaves large, coriaceous in texture, <:>bovate, 
rather abruptly narrowed from above_ the 
middle to a rather obtuse apex and to a wedge­
shaped bas~; midrib extremely thick, especially 
below; secondaries about twelve pairs, alter­
nate, distant, irregular; finer nervation mostly 
obsolete. 

Magnolia lesleyana was originally described 
from the "Eo-lignitic" (Wilcox formation, 
Eocene) of Mississippi, and the type specimens 
are presumably preserved in the Museum of the 
State .University at Oxford. 

This species was subsequently reported by 
Lesquereu.-x: from Fishers Peak in the Raton 
:Mountains, N. Mex.·; the spe.cimens on which 
his determination was based are preserved in 
the United States National Museum (Nos. 364, 
6 specimens, 772, 925). In "The Tertiary 
flora," figure 3, Plate XLIV, is ·a copy of Plate 
L"'{I, figure 2, of the "-Fossil plants from the 
'.l;'ertiary of Mississippi,"' but the original can 
not be found. The original of figure· 1 'is from 
Fishers Peak, N.Mex., and is in the museum 
collection. The original of figure 2 can not be 
fow1d.; it has somewhat the appearance of 
being the counterpart of Plate XXI, figure 1, of 
the u Fossil plants from the Tertiary of Missis­
sippi," but this is merely surinise. 

Though none of the specimens from Fishers 
Peak is perfect they are undoubtedly the same 

·as the leaves from Mississippi. As Lesquereux 
has said, the species is well characterized by the. 
very large, entire leaves, obovate-spatulate in 
shape, enlarged a.bove the middle, from which 
point they narrow to a short thick petiole and 
upward to an obtuse r.ounded point. The lat- · 
eral nerves are distant, strong, and campto­
drome. 
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The United States National Museum. con­
tains a specimen (No. 925) recorded as doubt­
fully from Evanston, Wyo. It is similar to the 
leaves. from Fishers Peak and is preserved on· a 
hard fme-grained gray sandstone, unlike the 
usual matrix at Evanston. It seems hardly 
likely that it could have come from that place, 
but it is irnpossible to be positive regarding its 
habitat. 

A single specin1en, much broken and doubt­
fully identified with this specie·s, is reported 
from Golden, Colo., but it can not now be found, 
and no others appear to have bec.w obtained 
from this locality. · · 

The recent collections made by W. T. Lee 
contain a number of specimens of this species 
and appear to settle more clearly than ever the 
irli:m£ity with the Mississippi types. They also 
settle beyond reasonable doubt that the mate'­
rial studied by Lesquereux from Fishers Peak 
was from beds in the same stratigraphic posi­
tion as the collections niade by Mr. Lee. 

Occurrence: Wilcox formation (Tertiary); 
types, Mississippi. Raton formation (Ter- · 
tiary); Fishers Peak, Raton Mountains, N. 
Mex., Lesquereux's material in United States 
National Museum; collected by W. T. Lee­
nea~· Trinidad, Colo., at locality 106 (5697); 

- south wall of Purgatoire Canyon at mouth' of 
Riley Canyon near Cokedale, 50 to 150· feet 
above the basal 'conglomerate (5704); Turner 
mine It miles north of Wootton, Colo. (5714); 
Wet Canyon; 4 miles northwest of Weston, 
Colo. (5825); collected by G. B. Richardson's 
party-Bear Canyon near Berwind, Colo. 
(50.95); Riley Canyon, Colo. (5105); collected 
by Orestes St; John, Wootton, Colo.; South 

· Raton Canyon. · · 

Magnolia regalis? Heer. 

. Plate LXXXVII. 

Magnolia regal is Heer, Flora fossilis arctica, vol. 4, Abt. J, 
' p. 81, pl. 20, 1877 .. 

In the collections from Wet Canyon, near 
Weston, Colo., is the single. large leaf figured, 
which is thought probable to be the same as 

·fleer's Magnolia regalis, from Cape Lyell, 
Spitzbergen. Heer's type specimen is only 
a fragment from the. middle of the le.af, the 
remainder being_restored as it was thought to 
have been. It was somewhat larger than the 
present leaf, being about 20 centimeters lo\1-g 
and 18 .centimeters wide, whereas the· one 

from Weston is only about 16 centimeters 
long and about 13 centimeters wide. Very 
little of the margin i~ preserved in the present 
specimen, but so far as can be made out it was 
somewhat undulate. The secondaries are nu­
merous-_about a dozen pairs-alternate, and 
at about the same angle as in M. regalis. Most 
of the few nervilles shown in Heer's figure are 
once forked but appear to have been fewer, at 
least as preserved, than in the pr~serit speci­
men, in which the nervilles are very numerous 
and uniform, and are mainly percurrent. They 
are nearly at right angles to the secondaries, 

. suggesting the genus Ficus, but until n1ore and 
better preserved material is available the 
specimen should be referred to M. regalis. 

Occurrence: Raton formation (Tertiary); 
Wet Canyon, 4 miles northwest of Weston, 
Colo., collected by W. T. Lee (5799). 

Magnolia rotundifolia Newberry •. 

Plate LXXXIII. 

Magnolia rot1.tndijolia Newberry, U: S. Nat. Mus. Proc., 
vol. 5, p. 513, 1883; U. S. Geol. Survey Mon. 35, 
p. 95, pl. 59, fig. ] ' 1898. 

This species was described by Newberry as 
follows.: · 

Leaves petioled, large (8 inches in length by 6 inches in 
width), round-ovate in outline, rounded or blunt pointed 
above and slightly wedgB shaped below; margins entire; 
nervation open and 'delicate; four to aix lateral branches 
given off from the midrib at remote and irregular distances, 
curving gently upward and forming festoons near the 
margin. 

After compa;ring this species .with Magnolia 
regalis Heer and M. nordenslcioldi Heer and 
pointing out wherein they differ from it New­
berry continues: 

A number of specimens in the collection show some 
diver&ity of form, and it is possible that the leaf figured is 
more rounded ~nd less pointed than the average, but 
unless there should be very great departure from this 
standard there is little probability of this species being 
united with any other. 

On tentatively restoring the apex of the 
example figured by Newberry in accordance 
with the. apparent direction of the margins and 
the nervation, it would seem to be more 
pointed than either description or figure would 
now indicate, and this is made the inore pro b­
able by the additional remarks concerning 
other specimens in the collections before him. 

The leaf here figured is very imperfect below 
but is very well, preserved above. I.t is of 
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about the same size ru1d configuration as the 
lcnf figured by Newberry, but its apex is rather 
abruptly pointed, much as it is presumed the 
other w.as when perfect. The light, irregular, 
scattered, secondary ne•rvation is about the 
same as shown in the original figure. The base 
is W11nting or is so obscured that it can not be 
ma.de out with any certainty. 

The type of Magnolia rotundifolia came from 
Fishers Peak, Colo., but with no precise infor­
mation as to whether it was fron1 above or 
below the tlnconformity, though the presump­
tion is very strong that it came from above. 
From the appearance of the matrix as well as the 
plant associations it is not thought probable 
that any of the older material came from the 
lower (Montana) beds. 

Occurrence: Raton form.~tion ~ (Tertia.ry) ; 
Fishel'S Peak, Colo., type~ Raton formation 
(Tertia.ry); dump of the Turner mine, 1t miles 
north of Wootton, Colo., collected by W. T. 
Lee (5714), on the same stone withAmiromeda? 
lanceolata~· Green Canyon mine, locality 119, 
near Aguilar, Colo. (.56$4). 

Magnolia cordifolia Lesquereux. 

Plate LXXXVI; Plate LXXXVIII, figure 1. 

Magnolia cordifolia Lesquereux, Am. Philos. Soc. 'rrans.: 
yol. 13, p. 422; pl. 22, figs. 1, 2, 1869. 

This species is relatively large, broadly 
ovate or bro~dly ovate-~lliptical in shape, with 
a truncat~ or slightly cordate base m1d a short 
acuminate apex. The pe~iole is not pre­
served in any of the Colorado examples, but in 
the Mississippi specimens it is very thick, the 
midrib is relatively strong and has about nine. 

. or ten pan'S of mainly alterri.ate secondaries · 
at a low angle, these arching some distance 
inside the margin. ' 

Magnolia cordifolia was described by Les­
quereu:x from the so-called "· Eo-lignitic" (Wil­
cox fonnation) of Mississippi. The Trinidad 
specin1ens, one of the best of which is here fig­
ured (Pl. ~XXXVI, fig. 1), appear to agree in 
every essential particular with those from 
:Mississippi and are ·referred without hesitation 
to Lesquereux'.s species. An additional finely 
preserved example from ·Green Canyon near 
Aguilar, which has also been figlired (Pl. 
LL""'{XVIII, fig. 1), agrees perfectly, so far as 
can be made out, with Lesquereu...~'s :fi:gur"e 2 
and description. In the Green Ca;nyon speci­
men figured the apex is rather abruptly but 

distinctly pointed. · In the Mississippi speci­
men the extreme apex is not preserved, but 
from its configuration in the upper portion it 
semns practically certain that it also was pro­
vided with an acu1nina te apex. The larger 
specimen figured by L~squereux (fig. 1) appears 
also to. ha~.e an acu1ninate apex, but Berry/ 
who· has had access to the original specimen, 
says: "By chipping away more of the ·matrix 
in· the type specimen it was found that the 
distal margin was abruptly rounded ·off." Be 
this as it may, I am firmly convinced thttt the 
Colorado specimen is corispooific with the 
sn1aller of the two :Mississippi specimens figured 
by ~esquereux. 

Recently Ber~y 1 has combined Lesquereux's 
}efagnolia ovalis and ~fagnolia cordifolia under 
the nam·e Oombretum oval is (Lesquereux), on 
the ground that they can not be separated and 
that they show affmity t.o Oombretum ·rather 

. than to ~fagnolia. His description in part is 
a.s follows: 

Leaves relatively large, elliptical or orbicular in general 
outline, t.he apex rounded or bluntly pointed, and the base 
very broadly rounded or truncate. Length ranges from 
12 to 15 centimeters. Maximum width, in the middle part 
of the leaf, ranges from 5.5 to 12 centimeters, averaging 
about 9 centimeters. Margins entire, full, and rather 
evenly rounded. Leaf substance thin but apparently 
subcoriaceous. Petiole very stout a:rid curved. Midrib 
very stout, curved. Secondaries relatively thin, not 
prominent. Their spacing variable, in general rather re­
mote; they branch 'from the midrib at angles of 45° or 
more, pursue a regularly curved subparallel course, and 
are camptodrome in the marginal region. There are 
usually about eight subopposite to altemate pairS". Ter­
tiary venation entirely obsolete. 

This description appears to have been drawn, 
in large part at least, from the leaves figured 
by Lesquereux as Magnolia ovalis and speci­
mens probably conspecific with them, and does 
not altogether fit the description and figures 
of ~fagnolia cordifolia. I have not seen all of 
the Wilcox material and therefore am not in 
position to pass critical ·judgment on the 
matter, but I can not escape the conviction 
that possibly two forn1s have been confused 
under the one name. Berry .has given t''ro 
figures of Oombretum ovalis, of which his Plate 
XCIV, figure 1, is a reproduction of Les­
quereux's figure 2 of ~fagiwlia cordifolia, .and 
his Pia te XCV, figure 1, is the original of .Les­
quereux's figure 3 of ~fagnolia ovalis. ~1. 

1 Berry, E. 'V., Tho lower Eocene floros of southeastern North 
America: U. S. Geol. Survey Prof. Paper 91, p. 321, 1916. 

. . 
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ovalis is a much longer l~af with the secondaries · Occurrence: Raton formation (Tertiary); 
much thinner and more remote. In general Wootton; Colo., 50 to 100 feet above Wootton 
appearailCe these leaves appear quite differ~nt coal bed, collected by W. T. Lee (5712). 
arid at least for the present I propose to main-. 
tain them as distinct. The qu,estion of its refer­
ence ·to Oombretum will not be discussed at 
present. . . 

Occurrence: Raton formatiOn (Tertmry;; 
near Trinidad, Oolo., loca1ity 106, collected by 
W. T. Lee (5697); dump of Green Canyon n1ine, . 
locality 11'9, near Aguilar, Colo., collected by 
W. T. Lee (5684). Wilcox formation (Ter­
tiary); Mississippi and Louisiana. 

Family LAURACEAE. 

Laurus? caudata Knowlton, n .. sp. 

Plate LXXXIX, figure l. 

Leaf large, coriaceous in text:ure, slightly 
obovate-lanc(3ola:te _in shape, broadest at or 

. slightly above the middle, · thence narrowed· 
regularly to the wedge-shaped base, and above 
rather abruptly rounded into the exceedingly 
Ion()' slenderly acuminate tip; margin slightly 
und~late· midrib very thick below, then becom­
ing ver; thin above; secondaries irregular, 

·about· seven or eight pairs; stl'ongly alternate; 
emerging at a very low angle, then strongly 
curved upward, especially on one side, where 
they run along w~ll inside the. margin . fot 
long distances, all camptodrome; u~te~medmte 
secondaries occ~sional: finer nervatiOn not 
retained. 

This splendid leaf is nearly perfect; lacking 
oi1ly a very small portion o~ the. base.· Its 
length is 23 centimeters and Its WI?th n~a~ly 
7 centimet_ers. It is well charactenzed by Its 
large size, obo.vate-lanceolate shape with ~ong, 
obtusely wedge-shaped ·base and exceedingly 
long, slender, acuminate apex and irregular 
secondary nervation·, with the middle second­
aries especially curved upward for very long 
distances. 

The basal half of this fine leaf is strongly 
suggestive of leaves that have usually.·bee_n re­
ferred to Magnolia, such for instance as that 
here described as M. magnifolia or certain of 
the broader forms of · M. angustijolia. It dif­
fers, however, in its long slender.tip and ~n t~e 
secondary nervation. ·Unless this nervatron IS 
abn~rmal, of which there is no particular evi­
dence,. this leaf can hardly be referred to 
:.Jfagnolia. · .· 

Laurus ratonensis Knowlton, n. sp. 

Plate XCI, figs. 1-4. 

Ficus pseudolmediafolia Berry, U. S. Geol. Survey Prof. 
_ Paper 91, p. 205, 1916. 

Leaves evidently.coriaceous in texture, n_ar­
rowly hinceolate, rather abruptly rounded and 
obtuse at base, acuminate at apex; margin en­
tire or slightly undulate; midrib relatively 
strong; secondaries numerous, fifteen or eigh­
teen pairs, mostly alternate, at .a . very low 
angle, arching"WeU -below the margin and join­
ing the one next above. in a broad ioop; inter­
mediate secondaries occasional; finer nervation 
producing a close, delicate, irregular areolation. 

This speci~s is represented by fifteen or 
twenty leaves, many of them nearly perfect. 
They are narrowly lanceolate-acuminate with a 
rounded, somewhat obtuse base, and entire or 
very slightly undulate margin. Their length 
is about 10 centimeters and the width 2 to 2.5 · 
centimeters; none has the petiole preserved._ 

This species is certainly very close to if not 
identical with what Lesquereux 1 identified as 
Laurus primigenia Unger, from Evanston, 
Wyo. Unfortunately none of the Evanston 
material, figured or o_therwise, can now be 
found in the collections of the United States 
National Museum,_ nor is there evidence to 
show that it was ever there. We must there- . 
fore depend entir~ly upon Lesquereux's figures. 
Jus originals were found in the same beds 
with and are certainly very close to Laurus 
socialis Lesquereux,2 being, according to Les­
quereux, "narrowly lan~eolate, more distinctly 
acuminate, and narrowly cuneate," all· com­
parative or relative characters whi.ch are really 
of very little weight: The specrmens under 
consideration are certainly very similar to Les-
quereux's figures of Laurus primigenia. · 

That. Laurus primigenia is a v~ry polymor­
phic species is indicated by the forms that have 
been referred to it by various European paleo­
botanists, but it is hard to reconcile Lesque­
reux's figures with any of them, ·though it is 
not greatly unlike those of ~orne of the narrow 

1 The Tertiary flora: U. S. · Gcol. Survey Terr. Rept., vol. 7, pl. 36, 
figs. 5, G, 8, 1878. 

2 Idem, pl. 36, figs. 1-4, 7. 



. FLORA OF THE RATON FORMATION. 317 

leaves of the European forms, such,. for in- Laurus. ratonensis is found also, according to 
stance, as those figured by Unger 1 from Sotzka. Berry, in the Wilcox formation, where it is 

Lesquereux's Evanston leaves are very un- relatively abm1dant. He has, however, de­
like n1any that have been subsequently r_e- scribed it m1der the name ·of Ficus pseud­
ferred to L. ]Jrimigenia, such, for example, as .olmediafolia. 
those given by Ward 2 from Carbon and Point Occurrence: Raton formation (Tertiary);· 
of Rocks, Wyo., and by IIollick 3 from the Honeyfield mine ne~r Yankee, N.Mex., 75 feet. 
''Eo-lignitic" (Wilcox formation) of Coushatta, above the base of the Raton formation, col­
La .. It seems more than probable t.hat the locted by W. T. Lee (5140). Wilcox forma­
Evanston leaves belong to an unnamed species tion (Tertiary) ;'Tennessee and Arkansas. 
of Laurus and not to L. primigenia, and the Laurus pedatus? Lesquereux. 

question arises as to whether they might not Laurus pedatus Lesquereux, Am. Philos. Soc. Trans., vol. 
be referred to the same species as 'the Raton 13, p. 418, pl. 19, fig. 1, 1869. 

leaves under dis.cussion, namely, to L. ratonen- The collections from above the conglomerate, 
sis. I-Iowever, in the absence of either type or but more particularly the one ·from Green Can­
·subsequently collected material for compari- yon. near Aguilar, contain a number of leaves 
·son it has seemed as well to leave them dis- that are apparei1tly referable to this species. 
tinct, at least for the present,. TP,ey are, if They are long and 1~ar~owly lanceolate or obo­
.anything, a little larger than the Evanston vate-lanceolate, with a very large wedge­
leaves and rather n1ore abrupt at base, but shaped base and extremely thick midrib. As 
these differences are but slight. the leaves are so thick in texture and the ner-

In 1888 Lesquereux 4 reported the presence vation is so obscurely preserved it is made out 
·of L. ]Jrimigenia in the Denver formation at with. the greatest difficulty, but so far as can 
Golden, Colo .. , but his spec~ens have not been be seen it appears to be about the same as 
:seen by the writer, so it is not possible to tell that shoWn in the type figures. It was de­
whether they are of the type of tht;) Evanston scribed originally from the "Eo-lignitic" (Wil­
leaves or of the European forms. The large ·cox formation) of Mississippi. 
recent collections from Golden do not seem to Berry: s ·has transferred the Laurus pedatus of 
·Contain the ~pecies. . . Lesquereux to the genus Osmanthus, on the 

The speCJes under consideratiOn ·has also grom1d of its apparent resemblance. to the 
·some resemblance to one of the leaves of Tet- living O,smanthus americanus Bentham and 
·ranthera sessilijlora Lesquereux,5 now Mala- !-looker. 
JJoenna weediana (Knowlton) Knowlton, 6 from Occurrence: Raton formation (Tertiary) ; 
the Livingston formation of Montana, but the dump of Green Canyon mine, locality 119, near 
]eaves are larger and lOltger, and the nervation, Aguilar, Colo., collected by W. T. Lee (5684). 
though· of the same type, is at a more acute Wilcox formation (Tertiary); Mississippi . 
. angle. . . 

Laurus ratonensis rna y also be compared 
with Quercus sim]Jlex Newberry/ from the Eo­
·cene of the John Day Basin, Oreg., but it is 
much larger and has a slightly different second-
. ary nervation. · 

. . 
1 Unger, F., Die fossilo Flora von Sotzka, pl. 19, figs.-1-4, 1850. 
sWard, JJ. F., 'J'ypos of tho Laramie flora: U. S. Goql. Survey Bull. 

.a7; pl. 23, figs. 8-10, 1887. 
a Hollick, Arthur, A report on a collection of fossil plants from north­

western Louisiana: IJouisiana Expor. Sta., pt .. 5, p. 284, pl. 41, figs. 1, 2, 
1899. 

• Tiarvard Coil. Mus. Comp. Zoology Bull., vol. 16, p. 50, 1888. 
~ 'ehe 'l'ortiary flora: u: S. Gool. Survey Terr. Rept., vol. 7, pl. 35, 

fig. !J, 1878. 
o A catalogue of tho Cretaceous and Tertiary plants cf North Amer)ca: . 

U.S. Gool. Survey Bull. 152, p. 142, 1898. 
1 Newberry, J. S., 'l'ho later extinct floras of Nort:h America: U. S. 

-Gool. Survey Mon. 35, pl. 63, fig. 0, 1898. 

Laurus socialis Lesquereux. 

Plate XCI, 'figure 5. 

Laurus socialis Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. .7 (Tertiary flora)., p. 213, pl. 36, figs. 
1-4, 7' 1878 . 

The type and all the figured specimens of 
this species are said to have come from Evans­
ton, Wyo., in beds then regarded as Laramie 
i1i age but now believed to be younger .. Only 

. three of the type specimens are now in the 
United States National :Museum, so it is 
impossible to ascertain whether they all really 
came. from the same locality. 

s Berry, E. ,V,, The lower Eocene floras of southeastern North 
America: U. S. Geol. Survey Prof. Paper 91, p. 341, pl. ci":, fig. 1, 1')16. 
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The example here figured agrees in all essen­
tial particulars ·with certain of the. smaller of 
the figured types, and there is no reasonable 
doubt regarding their identity. 

Occurrence: Raton formation (Tertiary); 
dump of mine at Delagua, Colo., collected by 
W. T. Lee (5690), on same ~tone with },fagnolia 
magnifolia, 1.1. angustifolia, and Zizyphus 
fibrillosus; Vermej0 Valley near mouth of 
York Canyon, N. Mex. (5241); 5 ·miles above 
Aguilar, Colo., collected by G. B. Richardson 
(5046). 

. Laurus utahensis Lesquereux; 

Plate XC, figure 4. 

· Lmtrus utahensis Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. 216, pl. 26, fig. 
11, 1878. . 

The leaf figured; which lacks a small· portion 
only of the base and 'ap·ex, I- am unable to 
distinguish from the Laurus utahensis of 
Lesquereux, which came originally from Bridger 
Pass, Wyo., in beds of Tertiary, probably Fort 
Union, age. It is a little ~arger than the type 
specimen, being about 11. centimeters long 
and 5 centimeters wide as compared with 9.5 
and 4 centimeters, respectively, and it is also 

·slightly more wedge. shaped at base. Other-. 
wise neither in shape nor· in details of nerva­
tion are the two distinguishable. This species 
has also been· reported from the Wilcox forma­
tion of Louisiana. 

·occurrence: Raton formation (Tertiary); 
Wet Canyon, about 4 miles northwest of 
Weston, Colo., 50 to ·100 feet below base of 
Poison Canyon formation, collected by W, ·T. 
Lee (5799). Wilc;ox formation (Tertiary); 
Louisiana. 

Nectandra lancifolia (Lesquereux) Berry. 

~l;:tte XC, figures 1, 2. 

Persea laneijolia Lesquereux·, Am. Philos. Soc. Trans., 
vol. 13,. p. 419, pl. 19., fig. 4, 1869. 

Nectandra lanci.folia (Lesquereux) Berry, U. S. Geol. Sur­
vey Prof. Paper 91, p. 308, pl. 85, fig. 2, 1916. 

Th~ leaf here figured is not to be distinguished 
fr·um the smaller of the t'YO type specimens of 
this species as figured by Lesquereux. Hereto­
fore it has been known only from . the type 
locality, which is iri the Wilco'x formation of 
Mississippi. 
· Occurrence: Wilcox. formation (Tertiary); 
types, Mississippi. RatoJi formation (Terti­
ary); collected by W. T. Lee-Ver~ejo Valley, 

near mouth of Salyers Creek, N. Mex., about 
1,000 feet above the base of the Raton forma­
tion (5826); Wet Canyon, 4 miles northwest of 
Weston, Colo. (5825) ; Green Canyon mine, 
locality 119, near Aguilar; Colo. (5684). 

Oreodaphne? ratonensis Knowlton, n. sp. 

Plate LXXXVIII, figure 2. 

Leaf .of medium size, coriaceous in texture1 

ovate broadest near the middle, whence it 
tapers in about the same degree to the wedge-· 
shaped base and the acuminate ·apex; petiole 
short; midrib quite strong belqw, much thinner 
above; secondaries about seven pairs, the 
strongest pair arising some distance above the 
base, at an angle of about 45°, camptodrome 
and joining the lowest tertiary branch on the 
next higher pair of secondaries, each with five 
or six tertiary camptodrome branches on the 
outside; two pairs of light secondary branches. 
below the principal pair and about five pairs. 
above, each usually with outside camptodrome. 
tertiary branches; nerv~es fairly numerous, 

. unbroken, and at right angles to the secondary 
or tertiary branches between which they run. 

This splendid, nearly perfect leaf is. unfortu-· . 
nately the only one found in the collections. 
It is about 14 centimeters in length and 5.5· 
centimeters ·in width; the petiole is nearly 1 
centimeter in length and· probably is not yom­
.pletely preserved.· 

It is with some hesitation that this species is. 
referred to the genus Oreodaphne, but it un-· 
doubteclly · ha:s a laurace'ous facies and on the 
whole seems to be at least generically related 
to · the recently described · 0. alabamensis· 
Berry 1 from the Mes~zoic of Texas. In any 
event, it is a well-marked species for strati­
graphic uses. 

Occurrence: Raton formation (Tertiary);: 
1 mile north of Trujillo Plaza, Colo., collected: 
by W. T. Lee (5687). 

Cinnarnornurn? ficifoliurn Knowlton, n. sp. 

Plate XC, figure 3. 

Leaf· apparently membranaceous in texture,. 
ovate or ovate-elliptical, base rather abruptly· 
and obtu~ely wedge shaped (apex destroyed);. 
petiole ·very long and slender; nervation light. 
and delicate, equally three ribbed from the, 
apex of· the 'petiole in the very base of the. 

I Berry, E. vV., Contributions to the Mesozoic flora of the AtlantiC" 
Coll$tal Plain: Torrey Bot.· Club Bull., vol. 39, p. 400, pl. 32, fig. 1, 1912 .. 
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blade, the lateral ribs at a very acute angle· of 
divergence, running close to the midrib high 
up near the apex of the blade,· each with 
several delicate secondary camptodrome 
branches on the outside; finer nervat~on not 
preserved. 

This leaf-the only one observed-is unfortu-. 
nately very imperfect, lacking all of the ~pper 
portion; the basal portion, however, is so very 
remarkable that I have ventured to describe 
it as new. Its length when complete was 
probably about 8 centimeters· ~md its width 
4 centimeters. The slender petiole is over 2.5 
centimeters in length. The striking feature 
of this leaf is the splitting of the petiole at 
the base of the blade into three slender ribs of 
equal strength, the lateral ones arising at ~ 
very acute angle and passing up almost parallel 
to the midrib nearly to the apex of the blade. 
The midrib was doubtless provided with 
secondary branches in the extreme upper 
portion, but they are not preserved. 

It is with some hesitation that this leaf is 
referred to the genus Oinnamomum, for while 
the leaves in this genus are triple ribbed, the. 
lateral ribs ordinarily arise some distance 
above the base of the blade. However, a 
number of fossil leaves referred to this genus 
have the lateral .ribs. arising with the midrib 
in the very base of the blade, as in the present 
specimen. For instan-ce, Oinnamomum buchi 
I-Ieer, 1 from. the Swiss Miocene, is occasionally 
shown. with ribs of this character,. though most 
con1monly they are figured as arising well 

. above the top of the petiole. Oinnamomum 
elongatum Sa porta/ of the travertins of Aix-en­
Provence, has very much "the appearance of the 
leaf under consideration but is much narrower 
and has a less delicate nervation. ·A leaf from 
Evanston, Wyo., referred by Lesquereux 3 to 
0. lanceolatum fleer~,· has very similar ribs 
but is narrower and apparently mote pointed. 
Certain other forms-Ficus praetrinervis, for 
example (seep. 263 )-also suggest 0. ficif olium, 
but do not possess its.long, slender petiole and 
delicate straight ribs. 

Occurrence: Raton formation (Tertiary).: 
Apishapa Canyon, one-half mile west of Abeton, 
Colo., collected by W. T. Lee (5686). 

' Flora tortiaria Heh~etiac, vol.. 2, pl. 105, fig. 7, 1856. 
~ Saporta, 0. do, Dornieres adjonctions a Ia flora fossile d'Aix-en­

Provonco, pl. 6, fig. 3, 1889. 
8 '1:110 'rertiary flora: U. S. Geol. Survey Terr. Rept., vol. 7, pl. 36, 

fig. 12, 1878. 

Cinnarnornum linifoliurn Knowlton, n. sp. 

Plate LXXXVIII, figures 3-7. 

Leaves :firm in texture; fron1 linear to linear­
lanceolate, long and narrowly wedge shaped at 
base, apparently rather obtuse at apex; nerva­
tion triple ribbed from the very top of the 
petiole, midrib the. stronger, straight; lateral 
ribs ·more. slender, ascending nearly or quite to 
the apex of the blade (additional nervation 
not observable). 

This form is represented by a dozen or more 
leaves, of which a series of four is figured in 
Plate LXXXVIII to show the range in size. 
The smallest (fig. 7) was ·probably about 6 
centimeters long and 1 centimeter wide. The 
next (fig. 6) is 3.5 centimeters long and 1 
centimeter wide, with a petiole about 4 milli­
meters long; th,is leaf may not be quite normal 
in that it is more obtuse than the others would . 
appear to have been. Figlire 4 shows a leaf 
6 centimeters long and 1.5 centimeters broad. 
The largest (fig. 3) is about 7 centimeters long 
and 2.25 centime~ers wide, with a petiole about 
6 millimeters long. As regards the nervation 
it is altogether probable that there were second­
ary branches on both the midrib and the 
lateral ribs, .but beyond the triple-ribbed ar­
rangement nothing is now discernible; all 
traces of the still finer nervation is of. course 
obsolete. · 

It is with some hesitation. that these leaves 
,are referred to the genus Oinnamomum on ac-
. count· of the fact that the three ribs all arise 
at the very top of the pt;ltiole instead of an . 
~ppreciable distance above, as .in most leaves 
of the genus. Occasionally, however, a leaf 
referred to this genus is depicted as having the 
ribs running quite to the base of the blade, 
and in exceptional cases leaves of living species · 
are found in which this condition obtains. In 
all the leaves ·of this form. the ribs rtin to the 
top of the petiole, and hence this feature can 
not be ·considered sporadic. 

In size and shape the leaves app"roach most 
closely to. certain of the narrow forms of · Oin­
namomum salicij olium Staub .and 0. lanceola­
tum Unger/ but differ from tho$e species in 
being less pointed at the apex, usually more 
narrowly wedge shaped at the base, and in 
haying a much shorter petiole; the details of 

4 Staub, l\f., Die Geschichte des g(lnus Cinnamomu1n, pl. 12, figs. 7-14 
and 15-22, Budapest, 1905. 
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nervation can not be -compared. In size, shape, 
and the basal origin of the three ribs the leaves 
well agree with certain living species of Oeano­
. thus, as, for example, 0. ovatus Desfontaines of 
the eastern United States, but they differ in 
the margin, that of the living species· being 
more or less conspicuously serrate. 

An additional specimen (fig. 5) recently 
found in a small collection from near Dawson, 
N.Mex., is about the siz~·and shape of the leaf 
shown in figure 4. 
· Oinnamomum linijolium is exceedingly close 
to a n~w species described- by Berry from. the 
Wilcox formation. · 

Occurrence: Raton _formation (Tertiary); 
railroad cut one-half mile south of Starkville, 
Colo., collected by W. T. Lee (5796); Vermejo 
Creek, locality 23a, near Dawson, N. Mex., 
collected by W. T. Lee (5827).-

Cinnamomum mississippiense? Lesquer~ux. · 

Plate LXXXIX, fi~ure 2. 

Cinnamomum mississippien;e Lesquereux, Am. Philos. Soc. 
Trans., vol. 13, p. 418, fig. 2, 1869. 

Berry, U.S. Geol. Survey Prof. Paper91, p. 298, pl. 37, 
fig. 2, 1916. . 

It is with some hesitation that the leaf here 
figured is identified with the Qinnamomum 
mississippjense of Lesquereux, and there is . 
more o:r: less doubt as to the· distinctness Qf this 
from the earlier 0. affine -Lesquereux. In 
"The _Tertiary flora" (p. 220) Lesquereux 
made the following observations. regarding the 
relationship between these two forn1s: 

I have been for a long_ time. undecided in regard to the 
possible identity of this northern species with the beau­
tiful Cinnamomum mississippiense Lesquereux. * * * 
From the larger size of the Mississippi leaf, more enlarge~ 
below the middle, its more rugose nervation, and the· 
greater distailce of the lateral nerves from the borders, I 
·came to the conclusion that the leaves of Golden did rep­
resent a new species, or at least a diminutive variety of 
C. mississippiense. This may be an error_. 

At one time 1 I was of the opinion that 
the Mississippi leaf should be placed ·under 
0. affine, but as its status is- so unsettled it has 
seemed best to retain both until further infor­
mation is available. That they are extremely 
close, if not identical, is certain. 

The _ specimen from Apishapa Canyon is 
precisely similar in shape to 0. mississip­
piense, l?ut ·is conspicuously larger, ?eing ~3 

1 Knowlton,· F. H., A c~talogue of the. Cretaceous and Tertiary plants 
of North America: U.S. Geol. Survey Bull. 152, p. 68, 1898 .. 

centimeters long and 6.5 centimeters wide as· 
compared with 10 and 5 centimeters, respec­
tively, in the other. The nervation is also 
slightly different: The lateral pairs of ribs in 
the Apishapa Canyon specimen arise aln1ost 
at the base of the blade instead of a little 
higher and run nearly straight to the margin 
and do not curve inward as in 0. mississip­
piense; the remainder of the nervation is the 
same in both. The specimen 1nay not be 0. 
mississippiense---.,.in fact, it may not be a 
Oinnamomum-:-but for the present it is ten­
tativelw referred to this s-pecies. 

Specimens_ from Cucharas Canyon have 
recently been detected, one of which is even 
larger th~n the one. from Apishapa Canyon,. 
being fully 15 centimeters long and 7 to 8 
centimeters wide. They do not differ from i_t 
essentially, th-ough they have more the facies 
of Ficus. 
· Occurrence: Raton formation (Tertiary); col­

lected by W. T. Lee-Norman's r-anch, 12 
miles east of R~ton, N. Mex., near locality 92 
(5132); locality 85, near Yankee, . N. Mex. 
(5135); one-eighth mile northeast of Rockland 
mine, locality 120, north ·side of Cucharas 
Canyon, near Walsenburg, Colo. (5679); Apish­
apa Canyon, 3 miles northeast of Abeton, 
Colo. (5688); Ute Park, N. Mex. (5830); col­
lected by G. B. Richardson's. party-2 miles 
southeast of De.an, Colo. (5113); 4 miles north 
of Trinidad,_ Colo., locality 109 (5102); col-

·lected by F. H. Knowlton-8ugarite mine 
(Old Wagon mine), 4_ miles northeast of Raton, 
N. · Mex. (5467); collected by Orestes St. 
John:_~Wootton·,- · Colo. Wilcox formation 
(Tertiary); types, Mississippi. 

Order ROSALES. 

Family HAMAMELIDACEAE. 

Liquidambar? cucharas Knowlton_, n. sp. 

Plate XCI, figure 6. 

Leaf broadly ovate in general outline, broad 
and somewhat heart-shaped at base, palmately 
three· and probably five lobed, the lowest lobe 
s1nall, upper lobes prominent; very sharp 
pointed, ·apex prolonged and sharp pointed; 
margin perfectly entire or at most slightly 
undulate; nervation well marked, palmately 
five ribbed, lowest pair of ribs nearly_ at right 
angles to the midrib;. middle p~ir at an angle 
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of about 45°, ending in the sharp tip of the field, Canadian Canyon, 1 mile east of Jones 
lobes; midrib with two or three pairs of alter- Canyon _(5291). 
nu te, remote secondaries strongly camptodrome, 
arching far inside the margin and joining the 
one next above; nerv:illes strong, mainly 
unbroken. 

'fhe leaf figured, which is unfortunately t~~ 
only one of this type observed in the collec­
tions, lacks more than half its blade. As near 
as can be made' out it was about 11 or 12,centi­
meters long and 13 centi1neters wide, the 
apparent distance between the upper lob~s 
being 12 centimeters. Thn.t the leaf was five 
lobed is not certain, though probable, for th~ 
side whi:mce it would show if present is ,broken. 
The lower rib, which should enter the lobe if 
present, is camptodrome and arches around to 
join a secondary branch on the middle rib. 
The secondaries, whether on the midrib or on 
the rib entering the laterallohe, are markedly 
camptodrome, usually' arching some distance 

;l»latanus aceroi.des cuneata Knowlton, n. var. 

Plate CXIII, figure 1. 

A leaf of the general type of Platanus 
aceroides but diff~ring in its smaller size and 
cuneate base. Most leaves of the typical 

·form are broad and more or less ne~rly truncate 
at base, but a few, as for instance that figured 
by Heer 1 from the Swiss Miocene, approach 
the present form. The lateral lobes are set at 
a more acute ~ngle ·than in the typical form, 
but the central lobe is ide\}-tical as are the 
strong, sharp teeth. 

Occurrence: Raton formation (Tertiary); 
South Raton Canyo.n, N. Mex., collect-ed by 
Orestes St. John. 

Platanus ~~eroides latifolia Knowlton, n. var. 

Plate XCII; Plate. XCIII, figure 3; Plate XCIV. 
inside the margin. · 

'rhis is on the whole a well-marked leaf, and, Si1nilar to the type but proportionately 
although so fragmentary, it oughtto be readily . broader and shorter.; 'margin provided. with 
recognizable in future. Whether it is correctly numerous small, rather bhu:it teeth. 
referred to Lig_uidambar i-s perhaps open· to ·This forn1, which I ·have ventured to de-

. son1e question,. tliough the shape, lobation, scribe as new, is the n1ost abundant and widely 
and strongly camptodrome seconqary nerva- distributed (within the area) of any member 
tion certainly suggest this genus. It is so of the· genus. For instance, in. the collection . 
fragmentary that it is hardly worth while to · fronl· near vVootton there are upward of a 
attempt to compare it with other fossil species. hundred specinlens, some of thenl absolutely 

Occurrence: Raton formation (Tertiary); one- ·perfect, showing .the leaf in a variety of sizes 
eighth mile northeast of Rocldand mine, local- ·and shapes. ' · 
ity 120, north side of Cucharas Canyon, near; Platar~:us acero'ides is very abundant ih the 
Walsenburg, Colo., collected by W. 'f. Lee Tertiary of both this country and Europe, 
(5679). and though there is naturally considerable 

Family PLATANACEAE .. 

Platanus aceroides Goppert. 

Plate LXIII, figure 4; Plate XCVII, figures 2, 3. 

Platanus a.ccroidcs. Goppert, Deutsche geol. Gesell. Zeit­
schr., vol. 4, p. 4:92, 1852. 

Lesquereux, Am. Jour. Sci., 2d ser., vol. 45, p. 20G, 
ISG!J; U. S. Geol. Survey Terr. Rept., vol. 7 (Terti­
ary flora), p. 184, pl. 25, fig. 4, 1878. 

Occurrence: Raton formation (Tertiary); col­
lected by W. T. Lee-Riley Canyon near Coke­
dole, Colo. (5701); Wootton, Colo., 50 to 100 
feet above Wootton coal (5712); railroad cut 
about a mile south of Morley, Colo. (5715); 
Vermejo Valley, near mouth of Salyers Creek 
N. ~1ex. (5826); south entrance to Raton tun­
nel, north of Raton, · N. Mex. (51~6); Raton-

~ariation in the size and even i.a the shape of 
the leaves that have been referred to i't there is 
a general consensus of agremnent. It is of the 
type. of the living p. occidentalis and is de­
scribed as being of n1ediun1 size, three ribbed 
and three lobed, the base truncate, slightly 
cofdate or rarely 1nore or less subcuneate, 
the lobes broadly triangular with the n1argins 
unequally dentate, the 1niddle lobe with 2 to 4 
teeth and the lateral lobes with· a 'few more, the 
teeth usually strong; in many specimens 
curved er even slightly hooked, and invariably 
sharp poin·ted. 

I-Ieer 2 has figured several leaves from the 
Swiss Miocene which well illu·strate the usual 

1 Flora tertiaria Helvetiae, vol. 2, pl. 88, fig. 14, 1856. 
2 Idem, pis. 87 and SS. 
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range of variatio-n in P. aceroides. They all outline of tlie teeth as sho-..vn in the figure 
show the teeth to be prominent and very sharp being due to injury. If this character can be 
pointed,' and the teeth and secondaries to be shown to hold for all the Fort Union-leaves 
the same or .nearly the same in number. In referred to P. haydenii it will naturally bring 
the n1iddle lobe there are usually four pairs of them closer to P. aceroides, and it is possible. 
secondaries and an equal nuniber of teeth; that it may be best ultimately to regard it as a 
and in the lateral lobes there are 8 to 10 varietal form only. In the meantime, however, 
secondary branches on the outside and the it n1ay remain under Newberry's name . 

. same number qf large teeth. Occurrence: Raton formation (Tertiary); 
The form 'which I have here named latifolia collected by W. T. Lee-types, railway cut 

is sin1ilar in shape to ~he typical leaves of one-half. mile north of Wootton, Colo. (5713); 
P. aceroides, except that it perhaps averages a 1! miles southwest of mine at Rugby, Colo. 
little broader at the base. · Its middle lobe has (5696); Wootton, Colo., 50 to 10Q feet above 
usually about four pairs of secondary branches, Wootton coal" (5712); Tercio, Colo., about 400 
but its lateral lobes have only five or .six second- feet above basal conglomerate (5802);, canyon 
ary branches on the lower side of the .lateral west of old town of Rous.e, Colo., about 300 
rib. The most marked difference, however, feet above base of Raton forri.1ation (5683); 
is in the marginal teeth. Instead of having dump of mine at Delagua, Colo. (5690); south 
a large tooth for each s.econdary, latif.olia end of Raton tunnel, north of Raton, N. Mex. 
has one to three or even four smaller teeth, (5155); Vermej~ Valley, near mmJth of Salyers · 
all small and rather blunt, between each of the Creek, N. Mex. (5826); collected by G. B. 

· teeth entered ~y a secondary. Many of its Richar:dson's party~ mil_es above Aguilar, 
large leaves have a tertiary branch, and some Colo. (5123); near Berwind, Colo. (5107); col­
of them two branches, which pass to the inter- lected by F. H. Knowlton----'-hillside just west 
mediate teeth. . of south end of Raton tunnel, 6 n1iles north of 

The marginal dentition in latifolia makes it Raton, N.· Mex. (5464); collected by Orestes 
possible to distinguish it from the typical form St. Jolui-Wootton, Colo.; Smith ranch, South 
at a glance, but otherwise its general appear- R.aton Ca~yon, N. Mex .. 
an.ce is much the same. The dentition· can 
hardly be an indi~{dual variation, for it occurs 
in nun1erous specimens from .very- widely 
separated localities. · 

These leaves were first icfentified . with 
Platanus haydenii Newberry, 1 · one of the most 
abundant species of the Fort Union formation. 
As Newberry pointed out in his original 
description, P. haydenii 'is very closely related 
to P. aceroides but differs. in its marginal 
teeth and slightly in its nervation. Thus he 
says: "In P. aceroides they [the teeth] are few, 
long, and acute, sometimes even uncinate, 
while in P. haydenii they are more numerous, 
less prominent, and always obtuse, sometimes 
merely giving a wavy outline . to the. margin 

· of the leaf." · 
I-Iis figured type specimen of th~s species is 

preserved in the United. 'States National 
Museum collection (No. 565a) and a reexam­
ination of it shows that the margin· is not pre­
served except in a single minl.Ite space, and 

· here the teeth are :distinctly sharp, the rounded_ 

1 Newberry, J. S., The later extinct floras of North America: U. S. 
Geol. Survey Mon. 35, p. 103, pl. 36, 1898. 

Platanus guillelrnae Goppert. 

Plate XCIII, figure 1. 

Platanus guillelmae Goppert, Deutsche geol. Gesell. Zeit­
schr., vol. 4, p. 492, 1852; Tertiii.re Flora von Schoss­
nitz in Schlesien, p. 21, pl. 11, figs. 1, 2, 1855. 

Lesquereux, U. S. Geol. Survey Terr. Ann. Rept., 
1871, Suppl., p. 14, 1872. 

In the n1aterial from Tercio, but also from 
many other localities, there are a number of 
well-preserved leaves that I am unable to dis­
tinguish from the usJial figures given. for 
Platanus guillelmae, such for exan1ple as those 
by Heer 2 fro1n the Tertiary of Greenland. 
They are sn1all (8 to 9 centimeters long and 9 
to 10 centimeters broad.), nearly circular ·in 
general outline, palmately three ribbe_d from 
the base of the blade, and· three lobed, the 
middle lobe deltoid in shape and relativ~ly large 
and the lateral lobes· very small, hardly more 
than large teeth. The base of the leaf is trun­
cate and entire for some distance, then pro­
vided with sri1all,_ even, low teeth. 

2 Flora fossilis arctica, vol. 7, p. 96, pl. 97, f:g. 6; pl. 99, fig. 1, 1883. 
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LeaYes of this species somewhat resmnble 
very small lea'i'es of P. ace1·oides Zatifolia, ·at 
least in the basal portion, but they differ 
Inarkedly abOYe, having only Very slight 
lateral lobes when P. aceroides latifolia has 
pronounc«;)d strong lobes ; the teeth are also of 
different character in the two forn1s. 

Occurrence: Raton formation (Tertiary); 
collected by W. 'r. Lee-Norman's ranch, 12 
1niles north of Raton, N. Mex., near locality· 
92 (5132); ~ I-Ioneyfield 1nine, near Yankee, 
N. ~1ex., 200 feet above base of coal rocks 
(514:1); ~near Yankee 1nine, locality 85, N. 
11cx. (5138); south end Raton tunnel, north 
of Raton, N. Mex. (5155); Tercio, Colo., about 
400 feet ttbove . basal conglomerate (5802); 
one-hnJf n1ile north ·of Vermejo Gap~ at locality 
127, N. Mex. (5239); Verm·ejo Valley, near the 

· n1outh of Salyers Creek, N. ~1ex. (5826); col­
lected by F. I-I. Knowlton-hillside just west 
of south end of Raton turmel, 6 tniles north 
of Rt~,ton, N. Mex .. (5464); collected by G. B. 
Rich.ardson's party-1} miles southwest of 

. Berwind, Colo. (5107); 5 miles above Aguilar,· 
Colo. (5046); collected by Orestes St. John­
Wootton~ Colo., 700 feet above the. Trinidn,d 
sandstone; ·South Raton Canyon, N. Mex., 
950 ± feet above the Trinidad sandstone; col­
lected by F. V. I-Iayden, 1869-Fis:P.ers Peak, 
Colo. 

Platanus guillelmae heerii Knowlton, n .. var. 

Plu.teXCVI, figure5; Plu.teXCVII, figure 1; Plate XCVIII, 
figure 2. 

Platamts guillelrnde Goppert. Heer, Flora fossilis arctica, 
Band 2, Abt. 4 (Contributions to the fossil flora of 
North Greenland); excerpt, Roy. Soc. Londo~ 

Philos. 'l'rans., vol. 159, pt. 2, p. 473, pl. 47, figs. 
1-3; pl. 48, fig. 4, 1869. . 

Platantts aceroidcs Geppert. Heer, Flora tertiaria Hel­
vetiae, vol. 2, p. 71, pl. 88, figs. 13, 14, 1856 .. 

Leaves of 1uedium size, 12 to 15 centimeters 
long an~l 9 to 12 centimeters wide, undivided, 
long wedge-shaped at base in many specimens, 
unequal sided, apex deltoid, moderately acute; 
1nargin entire along the wedge-shaped basal 
portions, otherwise rather coarsely and sharply 
toothed; petiole long, 5 centimeters or 1nore; 
ner\,ation strong, consisting of a relatively 
strong 1niclrib and about 5 pairs of alternate 
or suhopposite secondaries at an angle of·about 
60° or 65°, ending in marginal teeth; lowest 
pair of secondaries, strongest, arising at or a 
little aboYe the top of the petiole; each with 

some five or six acute-angled tertiary branches 
on the outside; finer nervation strong, consist­
ing of numerous, often broken, nervilles, very 
platanoid in appearance. 

In the ample collections from Tercio, Colo., 
there are several specin1ens, three of which 
are here figured, that are made the basis of. 
the present variety. Though they ag:ree fairly 
well with what at tin1es have been identified 
by various authors as Platanus guillelmae or 
P.' aceroides, they do not agree with what may 
be considered as the typical forms of either 
of these species, .and it seems best to designate 
them ~s at least of vn,rietal rank. Thus the 
leaves from Tercio differ from typical P.' 
guillelmae by their larger size, acutely wedge­
shaped, instead of truncate base, an.d in more 
acut&-angled secondaries and branches; and 
from P. aceroides they ·differ by their. usually 
larger size, wedge-shaped base, and much 
smaller teeth . 
. This supposed.new form is of the same type 
with, and in fact was at first identified as, . · 
Platanus marginata· · (Lesquereux) fleer [ Vibur~ 
num marginatum Lesquereux], with which it 
·agrees in the shape of the base as well as in 
the entire system of nervation. The principal 
difference, however, is· in the apical portion, 
which, in P·. marginata; is rounded abQve or 
has a very short acuminate point, but in the 
leaves under consideration the'apex is markedly 
prolongeO.. ·The teeth are sharp ~ut. not pro­
longed, and small intenuediate teeth 'appear 
in places between the· larger ones, a feature 
not noted in any of the figures of P. marginata 
given by Lesquereux or I-Ieer. 

Occurrence: Raton formation (Tertiary); 
Tercio, Colo., 400 feet above the top of the 
basal conglomerate of the Raton, collect<?d by 
W. T. Lee (5802).' 

Platanus platanoides (Lesquereux) Knowlton. 

Plate XCV, figure 4. 

Vtbttrnurn platanoides Lesqueroux, U. S. Geol. and Geog. 
Surv. '!'err. Ann. Rept., 1874, p. 314, 1876; U. S. 
Geol. Survey '!'err. Rept., vol. 7 (Tertiary flora); 
p. 224, pl. 38, figs. 8, 9, 1878. 

Platamts platanoides (Lesquereux) Knowlton, U. S. Geol. 
Survey Bull. 152, p. 171, 1898. 

The nearly perfect specimen here. figured 
appears. ·to be referable to Viburnum plata-. 
noides L~squereux, though it does not quite 
agree with it in all particulars. It is a· little 
·more wedge shaped at base than the type 



324 GEOLOGY AND PaLEONTOLOGY OF RATON MESA. IN COLO.-N. MEX. 

specimens and has its marginaJ te~th sonle­
what smaller,· but otherwise in size, shape, an~ 
character of nervation it is practically the 
same. In some particulars · it agrees with 
Platanus marginata Lesquereux, especially in 
the shape of the base· and in the margin and 

. general nervation, but differs from it in having 
its upper portion much more pointed. At 
first it was thought probable that it was an 
extren1e form of P. aceroides, but it has a 
more wedge-shaped base than typical aceroides, 

. and it lacks the lateral lobes of tha.t species. 
In his discussion of P. platanoides, Lesquereux 
points out that it is obviously related to both 
P. aceroides and P. marginata, but it differs 
especially from the latter by its usually larger 
size, coarser appearance, and mpre wedge­
shaped base, which last, however, as pointed 
out above, appears to 'break down. Without 
a larger series of specimens for comparison~ it 
is perhaps as well to place it under the present 
species with a mark of interrogation. 

The type specimens of Platanus plr;Ltanoides. 
can1e from Black Buttes, Wyo., in beds re­
garded by the writer as post-Laramie in age, 
and it has also been reported from the "Lower 
Laramie" of Carbon County, Wyo., and else­
where. 

Occurrence: R.aton formation (Tertiary); 
canyoi:I. west of the old town of Rouse, Colo., 
about 300 feet above the base of the Raton 
formation, . collected by W. T. Le~ (5683). 
Black Buttes coal group (regarded by the 
writer as of post-Laramie age); types, Black 

. Buttes, Wyo. 

Platanus raynoldsii Newberry. 

Plate XCV, figure 1. . 

Plaianus raynoldsii Newberry~ Lyceum Nat. Hist. New 
York City Annals, vol. 9, p.' 69, 1868; U. S. Geol. 
Survey Mon. 35, p. 109, pl. 35, 1898. 

Lesquereux, U. S. Geol. Survey Terr. Rept., vol. 7 
(Tertiary flora), p. 185, pl. 27, fig. 2, 18~8. 

The present collections from southern Colo­
rado contain a single example-the one here 
figured-that is referred without hesitation to 
Newberry's Platanus raynoldsii. Although the 
leaf lacks much of its upper portion~ its lower 
porti0n is unmistakably sin1ilar to 'that of. 
raynoldsii as :figured by both Newberry and 
Lesquereux. ·The type specimens came fr01n 
the Fort Union forn1ation on the lower reaches 
of the Yellowstone River, Mont., and subse-

quent investigation has shown it to be one of 
the n1ost abundant and widely distributed 
.species known frmn this fonnation. 

The specimen figured by Lesquereu.x (Ter­
tiary flora, pl. 27, fig. 2) is preserved in the 
United States National Museum (No. 248) and 
is from the Denver formation near Golden, 
·.yolo. It is practically identical in every par­
ticular with the specimen here :figured. 

in the collections from Yankee, N. Mex., 
there is a single fragmentary specimen that is 
referred with s01ne hesitation to this species. 
It is also the basal portion of a leaf, but is with­
out margin and hence can not be positively de­
ternlined. 

Occurrence: Raton forn1ation (Tertiary); 
railway cut about a n1ile south of Morley, Colo., 
collected by W. T. Lee (5715). Riley Canyon 
near Cokedale, Colo. (5700); n1outh of" York 
Canyon,.in Vermejo Valley,.N. Mex. (5241); 
~Wootton; Colo., collected by Orestes St. John. 

. Platanus rhomboidea Lesquereux. 

Platanus rhomboidea Lesquerei1x, U. S. GeoL and Geog., 
Survey 'l'e:rr. Ann. Rept., 1873, p. 400, 1874; U. S. 
GeoL Survey Terr. Rept.,. vol. 7 (Tertiary ~ora), 
p. 186, pl. 26, figs. 6, 7' 1878. 

Viburn·um ·anceps Lesquereux, U. S. Geol. Survey Terr. 
Rept., voi. 7 (Tertiary flora), p. 227, pl. 38, fig. 
p, 1878. 

Leaves small or n1edium sized (7 to 12 centi­
meters long, 5 to 9 centimeters broad), sub­
coiiaceous in texture, rhomboidal in general 
outline; three ribbed and in ·sOine specimens 
.slightly trilobate, being broadest at about the 
middle, fr01n. which point they are narrowed 
and entire to the wedge-shaped base and about 
equally narrowed above where they are nlore 
or less deeply-usually sharply-dentate; lat­
eral nerves (secondaries) at an acute angle of 
divergence, parallel, the lower pair being a 
little the longer and entering short acute lobes, 
each with three or four branches on the outside, 
which also pass to marginal teeth; nervilles 
nearly at right angles to the n1idrib, mostly 
percurrent; finer nervation quadrangular. 

The two figured type specimens of Platanus ·· 
rhomboidea ar~ preserved in the United States 
National Museum collection (Nos. 245, 246) and 
are from the characteristic andesitic material of 
the Denver formation at Golden, Colo. They 
were the only specimens recorded in the muse_un1 
catalogue that were so identified by Lesque-
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reux; but in the large lot of speci1nens 1 ~t midrib rather slender for the size of the blade, 
. Cambridge, studied by Lesquereux 2 in 1888~ perfectly straight; secondaries five or six pairs, 
no less than six additional exa1nples were de- the lowest· pair. opposite, arising at the base of 
tected, and .in the collections n1ade by_Arthur the blade, at an angle of about 50°, with six or 
Lakes in 1890, and studied by the writer, a smg,ll more often forking tertiary branches on the 
munber of characteristic.specin1ens we1·e f~und. outside; all entering marginal teeth; upper 
The species has since been detected in the· secondaries subopposite or alternate, entering 
Lan·ce forn1ation in Weston Cotmty, Wyo., and the marginal ·teeth; finer nervation not re.:. 

·in certain beds southwest of Rawlins, Wyo., ·tained. · 
which are regarded by the author as of post- This fine leaf .was about 12 centimeters long 
Larmnie age. . and io centimeters wide, and is remarkable for 

In the Inaterial from southwestern ColoTado its broadly ovate shape, coarsely toothed 
Platanus rhomboidea is represented at Wootton, margin, and relatively light nervation. 
Colo., by several specin1€ms, o.ne of the best o{ No further comparisons· will be instituted 
which is :figured. It has also _been identified, ·regarding this species, as iri some unaccounta­
but with some doubt, on the n1esa north of ble manner the specimen has been misplaced 
Raton, N. Mex. After a careful examination since the figure was made. ·without the speci­
of ·the type of Viburnum anceps Lesquereux men in hand it is impossible to ascertain the 
.(U. S. Nat. Mus., 326) I. mn unable to find precise locality, though it is somewhere within 
any characters that will separate it fron1 Pla- the Raton Mesa region. 

· · tanus rhomboidea. The single specin1~n upon· Occurrence: Raton formation~ (Tertiary); 
which it was founded 4s a fragment represent- localitv unknown. 

Family ROf:?ACEAE. I 
ing the upper portion of a leaf of the san1,_e size 
as the smaller of the two. types of P. rhom­
boidea.1 The general shape of the leaves aa 
well as the nervation is precisely the same, the 
only difference being that in the so-called 
Viburnum anceps the teeth ar:e not .quite so 
prominent nor sharp, a· character nianifestly of 
little iinportance as compared with that of 
nervation. 

.... 

Occurrence: Raton ·formation (Tertiary); 
collected by W. T. Lee-mesa north of Raton, 
N-. Mex., at top of Ra'ton formation (5152); 
.V ermejo Valley near the 1nouth of York Can­
yon, N. Mex. (5241); railway cut one-half mile 
north of Wootton, Colo., .50 to 100 feet below 
Wootton coal (5711}; Wootton, Colo., 50 to 100 
feet above Wootton conJ (5712); ·collected by 
Orestes St. John-North Raton Canyon, Mor­
ley coal district, Colo. 

Platanus? regularis Knowlton, n. ·~p. 

Plate CXIII, figure 4. 

Leaf of medium size, evidently of :firm tex­
ture, broadly ovate in general outline, abruptly 
truncate, perhaps somewhat heart shaped -at 
base, rather obtusely pointed at apex; margin 
coarsely toothed throughout, rather acute, 
separated by shallow. sinuses; petiole strong; 

t Harvard Coli. Mus. Comp. Zoo!. Bull., vol. lG, p. 49, 1888. 
2 U.S. Oeol. Survey Terr. Rept., vol. 7 (Tertiary flora), pl. 2G,'fig. 7, 

18i8. 

Cercocarpus orestesi Knowlton, n. sp. 

Plate XCV, figure 2. 

Leaf small, coriaceous i.n texture; ohovate in 
outline, long and regularly wedge shaped at 
base, app·arently rather obtuse at apex; margin~ 
entire for one-third of the basal p9rtion, thence · 
slightly- toothed; midrib moderately slender, 
straight; secondaries numerous, about ten 
pn.irs, close, parallel, straight, at an angle of 
about 50°' craspedodrome, deeply impressed; 
nervilles obscure. ' 

The single example figured. is all that ·has 
been noted of this species. It is about 6 centi­
meters in length and 2.5 centimeters in width, 
and is ·Well characteriz.ed by its wedge-shaped 
base, entire below, dentate above, and numerous, 
close, parallel, deeply impressed secondaries. 

This species is most closely related to Cerco­
carpus antig_uus Lesquereu.-x:,3 described origi- · 
nally from the auriferous gravels of California. 
It differs, though btit slightly, in its larger size, 
longer wedge-shaped portion, and more numer­
ous, sharper angled, and deeper impressed 
secondaries. 

I take pleasure in naming this. fine little 
species in honor of the veteran geologist Mr. 
Orestes St. John:, who coll«:lcted it in June,.1904. 

3 The Cretaceous and Tertiary floras: U.S. Geol. Survey. Terr. Rept., 
vol. 8, pl. 4!i-B, figs 2, 1883. · 
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Occurrence: Raton. formation (Tertiary); 
leaf ledge just above- Smith house, south of 
Raton Vailey, N.Mex., 'collected by Orestes St.· 
John, Jl,llle, 1904. 

Prunus coloradensis Knowlton, n. sp. 

Plate XCVI, figure 2. 
0 

Leaf apparently rather thick in texture, 
elliptical-lanceolate in shape, obtusely wedge 
shaped at base, apparently·· rather abruptly 
acuminate at apex; margin· finely and evenly 
serrate throughout, the teeth very sharp and 
upward pointing; midrib fairly strong, straight; 
secondaries exceedingly thin and obscure, ap­
parently alternate · and curving abruptly up­
ward well inside the margin. 

The leaf figured . is the only one observed in 
the collections. It is about 10 centimeters 
long and 3.25 centimeters wide, and was evi­
dently petioled, but the petiole has been de­
stroyed. The margin to within a short distance 
of the base is finely and sharply serrate. The 
nervation, with the exception of the midrib, is 
very obscurely preserved, but so far as can be 
made out the secondaries are few, very thin, 
' and arching very we 11 inside the margin. 

The leaves seem most closely related among 
living species to those of Prunus serotina Ehr­
hart, of the eastern. United States, but they 
differ in being. elliptical-lanceolate rather than 
ovate-lanceolate. The marginal teeth in both 
species are the same. 

Occurrence: Raton ·formation · (Tertiary); 
dump of the Turner mine, _1! ·miles north of 
Wootton, Colo., collected by W. T. Lee (5714),. 
'on same stone with Magnolia rotundifolia. 

been figured as it would not add to our knowl­
edge of this form. . 

Occurrence: Tertiary; types, Evanston,Wyo. · 
Denver formation. (T-ertiary); Golden, Colo. 
Fort Union formation (Tertiarv); Clear Creek, 
near 'Glendive, Mont. Raton formation · (Ter­
tiary); Trinid~d, fi<:ld, Colo., 7 ?iiles southwest 
of Berwind, Colo. (S. 44° W. of northeast corner 
T. 32 S.; R. 66 W.), collected by G. B. Richard­
son's party ·(5121). Lagrange formation (in 
beds of Wilcox age), Puryear, Tenn. 

Sophora nervosa Knowlton, ~· sp. · 

Plate XCV, figure 3. 

Leaflet small, ·of rather thick .texture, ellip­
tictJ, abruptly rounded below to a heart-shaped 
base, obtuse·.and rounded at apex; nridrib ex­
tremely thick, straight; secondaries nun1erous, 
strong, alternate, at a very low angle of diver­
gence, camptodron1e, with one or two series of 
very large areolae outside the line of the sec-
ondaries; finer nervation obscure. · 

This little leaflet is extrerp.ely well marked. 
In shape it is regularly elliptical with a strongly 
cordate base and an obtuse and rounded apex. 
The. length is 4 centimeters and the width a 
little over 2.5 centin1eters. Its nridrib 'is rela­
tively very thick, and its secondaries, which 
arch and join less than halfw·ay to the margin, 
are succeeded outsid~ by one or two series of 
large loops or irregular areas. 

_This species does not appear to be very 
closely related to any With which I a1n fanuliar; 
in ·nervation it is not greatly unlike Legumino­
sites reticulatus Heer 1 from the Swiss Tertiary; 
but it differs widely from that species in size 
and shape. On the whole, _it appears to be most 

Family LEGUMINOSAE 1 B f 
closely related ·to So1Jhora henryensis erry o 

Leguminosites?. arachioides Lesquereux. the Wilcox fonnation, than which, however, it is 
Legurninosites? arachioides Lesquereux, U.S. Geol. Survey much larger. . 

Terr. Rept., vol. 7 (Tertiary flora), p. 301, pl. 59, This collection consists ·of only two speci-
figs. 13, 14, 1878. mens, S. ·'nervosa and a rolled-up leaf of Arto-

Berry, 'U. S. Geol. Survey Prof. Paper 91, p. 249, fi ld h b d h 
pl. 48 , fig. 9, 1916. carpus similis. In. the e t e e s w ence 

they came were supposed· to belong· to the 
In one of the collections from· near Berwind; · hi Vermejo formation, but as the strat1grap c 

Colo., there is a poorly preserved specimen relations are obscure and the Artocarpus is .else-
showing a cluster of four thick striated fruits where found only in the·. upper beds, it pre­
that appear to belong ~o Lesquereux's well- sumably belongs in the Raton formation. 
known species. It is a 1ittle smaller than the . Occurrence: Raton formation~ (Tertiary); 
original -figures and is preserved 0~ a coarse-· near Strong, Colo., collected by W. T~ Lee 
gr~ined matrix that does not well bl'mg out t~e (

5682
). 

structure; but so far as can be made out·1t -~--------__,_,_ _______ _ 
otherwise agrees- satisfactoril). It has not 1 Flora tertiaria Helvetiac, vol. 3, pl. 88, fig. 49, 1859. 
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Cassia richardsoni Knowlton, n. sp. 

Plate XCIII 1 figure 2. 

Leaflet snuul, evidently firm· in tex:ture, 
ovate, abruptly rounded at base, obtusely acu­
minate at apex; petiole short;· midrib straight, 
secondaries about five pairs, opposite or sub­
oppo~ite, considerably curved upward, camp­
todrmne; nm·villes few, thin, approximately. 
at right angles to the secondaries. 

'l"his little species is represented by several 
exan1ples, one of the n1ost perfect being figured. 
It is 4.5 centin1eters long and nearly 2.!) centi-
meters wide. . 

This species is very similar to Oassia berenices 
. I-Ieer, fron1 the Swiss Miocene, being indeed of 
the satne shu.pe but having fewer, n1ore acute­
angled secondaries .. 

OccmTence: Raton formation (Tertiary) ; 
Berwind, Colo., collected by G. B. Richards9n's 
party (5107). 

Cassia sapindoides Knowlton, n. sp. 

Plate XCVI, figure 1. 

Leaflet small, lanceolate or slightly ovate or 
elliptical-lanceolate, slightly unequal sided. at 
the wedge-shaped· base (apex destroyed); 
petiole short; midTib thick below, very slender 
above; secondaries about six or seven pairs, 
alternate, thin, at "a low angle, 1nuch curved 
upward near tlie 1nargin, camptodrom.e. 

The only specimen noted is the one here fig­
ured. It is about 6 centimeters long and 
nearly. 2 centi1neters wide, and is well shown in 
the figure. As the apex is absent it is in1pos-· 
sible to know whether it was emarginated or 
pointed, though probably the forn1er. It is 
very close to Oassia g~enni Berry, a very com­
mon Wilcox species from Mississippi. 

Occurrence: Raton for1nation (Tertiary); 
Wootton, Colo., collected by W. T. Lee (5714). · 

Cassia fislteriana Knowlton, n. sp. 

Plate LXXVIII, figure 4. 

Leaflet mmnbranaceous in texture, ovate pr 
abnost ovate-:triangular, abruptly roilnded· at 
base, obtusely acuminate at apex; 1nargin per­
fectly entire; midrib thin, straight; secondaries 
six pairs, very thin, at an angle of about 30°, 
catnptodr.ome; finer nervation obsolete. This 
leaflet is 5 centhneters long and :p.early 3 centi­
lneters wide at the broadest point, which is only 
about one-fom·th its length above the base. 

- This leafl~t is very si1nilar in size, shape, and 
secondary· nervation to certain of those referred 
to Oassia berenices Heer, 1 from the Miocene of 
Switzerland .. 

Occurrence: Raton formation (Tertiary) ; 
Fishers Peak mine, 2 miles southeast of Trini­
dad,. Colo., collected ·by J. B.·Mertie for G. B. 
Richardson (5099). 

Inga heterophylla Knowlton, n. sp. 

· . Plate LIV, figure 5. 

Leaflet membranaceous in texture, ovat.e­
acunrinate, very .unequal sided, abruptly trun­
cate at base, acunrinate at apex; petiole short, 
stout; midrib straight, . very strong below, be- . 
coming much thinner above; secondaries thin, 
few-about five pairs-serrate, alternate, emer­
ging at a low angle, much curved upward. 

The leaflet figured is 7 centin1eters long and 
3.5 centimeters wide, the width on the upper 
side being n1ore than twice that on the lower 
side, which of course 1nakes it very unequal 
sided. The lowest pair of secondaries mnerge 
nearly at a right angle but curve upward well 
inside the n1argin and join the pair next .above. 
The other secondaries are subopposite, emerge 
at a slightly greater angle, and join the ones 
next above. The finer nervation is not 
retained. 

This species has a. general re~emblance to 
Juglans rugosa Lesquereu..'X:, 2 but differs fron1 it 
in the strongly inequilateral shape of the leaflet 
as .well as in the character of the nervation. 

OccmTence: Raton for1nation (Tertiary); 
Wootton, Colo.~ 50 to 100 feet above the. 
Wootton coal, collected by W. T. Lee (5712). 

Carapa eolignitica Berry? 

Plate LXIX: figure 2 .. 

Carapaeolignitica Berry, U.S. Geol. Survey Prof. Paper 91,. 
p. 253, pl. 29, fig. 4, 1916. 

In one of the small collections fron1 Rugby, 
Colo., there are a number of ieaves that appear 
to belong .to this species: They are not very 
completely preserved, i!l fact little more tluu1 
their outline remains, but so far as can be , 
made out they may be doubtfully referred to 
this species with no great violence. 
. Occurrence:· Raton formation (Tertiary); 1 
mile southwest of Rugby, Colo., collected by 
G. B.· Richardson's p·arty (5128). 

1 Flora.tertiaria Helvetiae, vol. 3, pl. 133, figs. 42-56, 1856. 
2U. S, Geol. Survey '!'err. Rept., vol. 7 (Tertiary flora), p. 286, pl. 55, 

figs .. 1-9, 1878. 
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Order GERANIALES. 

Family RUTACEAE. 

Xanthoxylum dubium Lesquereu~. 

Xanthoxylum dubium Lesquereux, U. S. Geol. Survey 
Terr. Ann. Rept., 1871, Suppl., p. 15, 1872. 

Of this species Lesquerfmx says: . 
A small oblong leaf 3 centimeters long, 1.5 centimeters • 

broad, with borders entire or wavy crenulate, nearly 
parallel in the middle, rounded downward, with an 
abrupt, ~hort, descending curve to the base of the median 
nerve; secondary veins parallel, eight pairs, open (~mgle of 
divergence, 60"), abruptly curving near the .borders, 
camptodrome. The point of the leaf is destroyed.· 

. Related to X. dentatum Heer (Flora tertiaria Helvetiae, 
vol. 3, pl. 127, fig. 21) .. 

The status of this species is exactly .the same· 
as that of Rhamnus fischeri-:-that is, it was 
named and desGribed as above but. so far as 
now known was not afterward referred to .. 

Occurrence: Raton formation (Tertiary); 
"Fischers ·[Fishers] Peak, Raton Mountains, 
N. Mex." collected by F. V. Hayden, 1869. 

Family EUPHORBIACEAE 1 

Genus EUPHORBOCARPUM Knowlton, n. gen. 

Fruit· of large size, composerl of numerous­
probably seven to nine-woody, compressed, 
wedge-shaped, apparently indehiscent carpels, 
disposed around a centr-al axis. 

Euphorbocarpum richardsoni Knowlton, n. sp. 

Plate XCVI, figures 3, 4. 

This remarkable species is founded, as may 
be seen from the figures, on.· three huge, lig­
neous, somewhat kidney-shaped or wedge­
shaped carpels, which are so disposed as 
forcibly to suggest that there were originally 
at least seven, and probably as many as nine, 
in the complete fruit. The diameter of the 
complete fruit was at _least 4 centimeters and 
the height 2.5 centimeters. One of the carpels, 
which is now detachable; has a thickness at ·the 
back of 13 millimeter$ and is wedge-shaped 
where it reaches the central axis. The sur­
faces where it was in contact with its fellows 

· are plane and flat, .and each is the same by 
mutual compression. The back of each carpel 
is rounded and the distance to the point where 
they are flattened by the mutual pressure is 

. about 5 millimeters. It is difficult accurately 
., to describe or figure this specimen but perhaps 
enough has been said to convey an idea of its 
original ·appearance. It is certainly unlike 

anything in a fossil state with which . the 
writer.is familiar ill this country; and it should 
prove a good horizon marker if subsequently 
found. 

From its ratl.ler striking resemblance to that 
of the well-lmown tropical euphorbiaceous tree; 
Hura crepita/ns, I have ventured to give it a 
new generic name implying relationship with 
the family Euphorbiaceae. It. might have 
been given the nondescript name of Oarpites 
or Oarpolithes, but rather than add to these 
already overburdened "generic" groups it has 
seemed· best to give it a distinctive name even 
if the apparent affinities have not been cor­
rectly interpreted. The Euphorbiaceae is of 
course a vast group, exhibiting great diversity 
of form and structure. The predominant type 
of fruit is composed of three carpels, but the 
number may range all the way from, o.ne to as 
many as nine in Anisonema or Thula or to 
fifteen in Hura. As already pointed out, there 
may well h~ve been nine carpels in the present 
fruit. 
. A very great number of types of leaves are 
preserved in the beds in which the· new fruit 
is found, and it is not impossible that some 
of them may represent the tree which bore it, 
but if so, the fact has not been detected. 

I· take pleasure in naming this remarkable 
fruit in honor of the collector, Mr. George B. 
Richardson, of the United States Geological 
Survey .. 

Occurrence: Raton formation (Tertiary); 
5 miles south of Aguilar, Colo., collected by 
G. B. Richardsc;:m (5046). 

Order SAPINDALES. 

Family ANACARDIACEAE. 

Rhus? viburnoides Knowlton, n. sp. 

Plate XCVIII, figure 5. 

Leaflets firm in textur~, obovate or obovate­
oblong, n1ore or less unequal sided; n1argin en­
tire below, dou~ly serrate above, the teeth 
sharp and upward pointing; midrib straight; 
secondaries about four or five pairs, at an acute 
angle,. ending in the longer teeth, the lowest 
pair with two or three branches on the out.:. 
side; finer nervation obscure. 

This species is represented by a number of 
examples, one of which is figured. The larger 
is 4.5 centimete~s in length and 2.5 centimeters 
in width, while the smaller one -IS 3.5 centi-
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met&·s long and barely 1.5 centimeters wide. 
The ln,tter is 1narkedly unequal sided and, 
moreovei'1 lies in associr~tion with what appears 
to be a. srnall piece of the general rachis. 

I mn uncertain· as to the generic 1~eference of 
·these specin1ens. The smaller seen1s with little 
doubt to be a leaflet of Rhus, but the. larger, 
though it resembles the other n1ore or· less 
closely in essential character, has less the gen­
eral facies of the genus. For instance, it SOllle­
what· resetnbles certain s1nall-leaved species of 
Viburnum, especially in the 'teeth, and it is 
possible that the two are not congeneric. 

Occurrence: Raton for1nation (Tertiary); 
railway cut about one-half nille northwest of 
Wootton; Colo., 50 to 100 feet below the Woot-
ton coal, collected by W. T'. Lee (5711). · 

Family CELASTRACEAE .. 

Celastrus serratus Knowlton, n. sp. 

Plato XCVIII, figure 3; Plate XCIX, figure 4; Plate C, 
figure 1. 

Leaves of fun1 texture, ovate or ovate-oblong. 
in outline, slightly cordate and unequal sided 
at base and apparently obtusely acuminate at. 
apex; n1argin entire at base; thence provided 
\vith numerous, relatively s1nall, sharp, up­
ward-pointing teeth; petiole and 1nidrib very 
strong; secondaries strong, about ten pairs, the 
lower ones opposite and mnerging nearly at 
right angles, the upper ones alternate and 
mnerging at an angle of about 45°, all1nore or 
less curved upward andn1ost of then1 with two 
or throe bJ.:anches on the lower outer side which 
·enter the teeth, or the secondaries arching and 
joining, and sending outside branches to the 
teeth. Nervilles numerous, · oblique to the 
secondaries and approxin1ately at right angles 
to the nlidrib; fine nervation consisting of very 
small areolae. . 

This species is represented by several very 
well preserved leaves, the three specilnens fig­
ured representing the extr!31nes in size. The 
largest leaf is about ·18 centimeters long _and 12 
centimeters wide and the smaller one about 9 
centin1eters long and 5.5 centimeters wide. 
The petiole, of which only. a s1nall length re­
Inains in the larger specimen, is nearly 4 n1illi­
n1eters in thickness. In the additional speci­
men ·figured fro1n Wootton the petiole reaches 
the extraordinary length of 11 centi1ne-ters. 
Several specimens of intermediate size have 
not been figured. 

The present species is undoubtedly very 
closely related to Oelastrus ferrugineus Ward/ 
fron1 the Fort Union forn1ation of Montana; 
in factv the smaller of the.two leaves here fig­
ured is hardly to be distinguished from Ward's 
figure 13. About the only difference that 
can be readily observed is the greater size and 
sharper-pointed forn1 of 0. serratus. However, 
the largest leaf of the latter species is. very 
much larger than the ·largest speci1nen of 0. 
ferrugineus figured by Ward; in fact, it is n1ore 
than twic~ its size. In the absence of com-
plet·e proof of the identity of the two species, 
the one under consideration has been given a 
new name. 

Oecurrence: Raton formation (Tertiary); 
dutnp of nline at Primero, Colo., collected by 
W. T. Lee (5798). on same stone as Aspleni1.tm? 

· primero and Eucalyptus leei, Wootton, Colo., 
50 to- 100 feet above the Wootton coal, col­
lected by W. T. Lee (5712). 

Celastrus sp. 

Plato XCVIII, figure 1. 

The collection· fro1n near Yankee, N. Mex., 
contains a single frag1nent, here figured, that 
appears best referred to· the genus Oelastr'l.ts. 
It is so fragtnentary that a clear idea of its 
size an<;l distal configuration can not be ob­
tained. It was apparently elliptical-lanceoltttc 
in outline, with abrupqy rounded base and 
finely serrate n1argin. The nervation consists 
of a strong 1nidrib and probably about a dozen 
pair~ of thin, ·parallel, camptodr01ne second­
aries. 

Occurrence:· Raton for1nation (Tertiary); 
I-Ioneyfield 1nine near. Yanlme, N. Mex., col­
lected by W. T. Lee (5140). 

Euo~yq:ms splendens Berry. 

Plate LXIX, figure l. 

EuonynHts splcndens Dcm:y, U.S. Geol. Survey Prof. Paper 
91, p. · 267, pl. 61, fig. 6; pl. 62, figs. 1-5, 191G. 

Leaf· a-pparently coriaceous in texture, 
broadly ovate-lanceolate, 14 centi1neters long, 
. 6.5 centimeters wide, abruptly rounded and 
· trunc.ate at base, acuminate at apex; 1nargin 
finely crenate-serrate throughout except near 
the base; midrib very strong; secondaries nu­
nlerous, about fourteen pairs, strong, en1erging 
at a very low, almost a right, angle below_, but 

1 Ward, L. F., Synopsis of tho flora of the Laramie group: U.S. Geol. 
Survey Sixth Ann. Rept., p. 555, pl. 52, figs. 11-14, 1886. 
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about 45° in the upper part, mainly alternate, 
somewhat curved _upward, ·occasionally forked, 
apparently craspedodrome; finer nervation 
obsolete. 

This leaf is fortunately nearly perfect, l~cking 
only a small portion of the upper" extremity, 
and is well characterized by its broadly ovate­
lanceolate shape, finely undulate-serrate Inar­
gin, and numerous low-angled secondaries. 
The petiole is preserved for a length of . 5-

. 1nillirrteters. 
. This species is at first sight strongly sugges­

tive of what Lesquereux has Identified· as 
Quercus haidingeri Ettingshausen, 1 fron1 the 
Green River formation, but' differs from it in 
its larger size, obtusely rounded instead of 
obtusely wedge-shaped hase, and lower angled 
secondaries. . . 

Occurrence: Raton fonnation (Tertiary); 
southern end of Raton tunnel, north of Raton, 
N.Mex., collected by W. T. Lee (5155). Wil­
cox formation (Tertiary); the commonest 
spe~ies in the Wilcox.· 

o Family ACERACEAE. 

Acer fragilis Knowlton, n. sp. 

Plate CI, figures 1, 2. 

Leaves evidently InembranaQeous in texture, 
broadly d~ltoid in general outline, truncate at 
base, palmately seven ribbed and apparently· 
seven lobed; lower lobes largest, acute, sup­
plied by the ribs; . upper pair small, obtusely 
acute, supplied by secondary branches fron1 
the n1idrib; sinuses ~ounded; nervilles obscure, 
apparently mainly broken. 

This species is represented by several speci­
mens, but all are so much broken that it is 
aln1ost impossible to get a clear idea of· the 
shape and appearance of the leaf. It is 
clearly truncate at base and seven ribbed and 
is apparently seven lobed,. the lower lobes 
being entered by the lateral ribs and the upper 
pair by secondary branches from high up on 
the 1nidrib. The tel'lll:inal lobe· is acuminate 
and the others are rather obtusely acummate; 
none, so far as seen, is toothed. The leaves 
are all so fragmentary that it is impossible to 
get any accurate measurements, though the 

·length appears to range from 7 to 10 centi­
meters and. the width fron1 6 to 8 centimeters. 

1 U. S. Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), pl. 20, figs. 
9, 10, 1878. 

Thi$ species, it is admitted, is not well 
founded, a~d it is presented simply to call 
attention to the fact that such an aceroid 
type of leaf is present in th~se beds. Addi­
tional collections will be necessary before it can 
be made out with full satisfaction. Tins being 
the case· it seems hardly :worth while to insti­
tute comparisons with either living or fossil 
species. 

Occurrence: Raton formation (Tertiary); 
floor o: Fishers Peak mine, 3 miles southeast. 
of Trinidad, Colo., coll~cted by G. B. Richard­
son's party (5099); .Sugarite mine, 4 1niles 
northeast of Raton, N. Mex., collected by 
F. H. Knowlton (5467). 

Family !3.(\PINDACEAE. 

Sapindus caudatus Lesquereux. 

Plate 0, figure 2. 

Sapindus caudatus Lesqueretix, U. S. Geol. Survey Terr. 
Ann. Rept., 1872, p. 380, 397, 1873; U.S. Geol. and 
Geog. Survey Terr. Ann. Rept., 1873, p. 382, 1874; 
idem, 1876, p. 515, 1878; U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. 264, pl. 48, fig. 6, 
1878; Harvard Coli. Mus. Comp. Zool. Bull., voi: 
16, p. 54, 1888. 

Nyssa lanceolata Lesquereux, U. S. Geol. Survey Terr. 
Ap.n. Rept., 1872, p. 407, 1873; U. S. Geol.. Survey· 

. Terr. Rept., vol. 7 (Tertiary flora), p. 245, pl. 35, 
fig. 5 [not figs. 6, 6a], 1878. 

Leaf subcoriaceo~s in texture, broadly lan­
ceo1ate or elliptical-lanceolaue in shape, ·in­
equilateral, narrolved to the petiole on one 
side, rounded to it on the other side, tapering 
above ~to_ .a long acuminate point; 1nargin 
perfectly entire; midrib strong; s~condaries 
about twelve pairs, mostly alternate, unequally 
distant, the lowest one more· open, curving to 
and along the borders and anastomosing with 
shorter intermediate ones; upper ones calnpto­
drome, curving along. the borders; nervilles 
rather oblique to the secondaries; finer nerva­
tion copious, produ9ing a fine irregular network. 

In size these leaves are remarkably uniforn1, 
the usual length being between 7 and 10 centi­
Ineters, exceptionally 11 centin1eters, an~ ·the 
usual width about 4 centilneters; they are 
quite strongly unequal sided and the tip is 
prolonged into a long, slender point. 

· The type specimen of this fine species is pre­
served in. the United States National Museu1n 
(No: 386) and has been well described and 
figured by its author. It .appears to be a 
rather rare species, for in the large collection 
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identified by LesqueretL~ for the IIarvard 
College J\1.usetnn of C01nparative Zoology he 
found only one specin1en, . and in the recoil t 
collections n1ade by Lake only a very' few 
exmnples were found, one of which, however, 
is ~xceptionally c01nplete and perfect. 

'fhis species is reported by LesquerelL~· 1 from 
Cmnpbell's quarry, Cross Lakes, La. (U. S. 
Nat. J\1.us. 2601), but the specimen can not now 
be found.. The Inaterial is a very hard sand­
stoi;te and n1ost of the other leaves preserved 
on it are only in fragn1ents. Though it is, of 
course, in1possible to say how this particular 
speci1nen is preserved, it is more than probable 
that it was also fragn1eiltary and hence open 
to question. More n1aterial n1ust be obtained 
before its ~·eference can be positively settled. 

After consideration I have concluded that it 
is ilnperative to refer what Lesquereux named 
Nyssa lanc_eolata to.Sa1Jindus caudatus, although 
at one tin1e I was inclined to regard it as belong­
ing to J uglans rugosa. :J Nyssa lanceolata was 
described originally fr<;n11 "6 1niles above Spring 
Canon, Mont.," but neither this nor any other 
specin1en fron1 the1·e appears to have been in 
th~ United States National Museum, and it is 
quite possible th_at the locality of the type was 
wrongly recorded. The leaf Lesquereux fig­
ures in "The Tertiary flora" (U. S. Nat. Mus. 
303) con1es fron1 the andesitiq beds at Golden, 
Colo. This specilnen agrees so well with the 
original description as to. suggest the suspicion 
that it is the originnJ type and never came from 
the Bozmnan coal field at all, but there. is no 
possible 1nanner in which this supposition can 
be proved or disproved. As rather militating 
against this view it ri1ay be stated that in 
LesquerelL~'s fmal pronouncement on the ~ub­
j ect 3 he still retains the species as coming fron1 
Spring Canyon but adds'' in s1nall fragments of 
leaves." 

In any event, specin1en No. 303, which is 
the fLgured type of so-called Nyssa ·zanceolata, · 
comes fr01n Golden, Colo., and is nothing 1nore 
nor less than the basal portion of a leaf that 
previously had been named Sapindus caudatus, 
as n1ay be seen by c<_:nnparing the figures in 
'' The Tertiary ;flora.'' In the coll~ctions fron1 
the vicinity of Raton, N. Mex., I have found 

1 U.S. Nut. Mus. Proc., vol. 11, p. 24, 1888. 
2 Knowlton, F.H., A catalogue of tho Cretaceous and Tertiary plants 

of North Amorico: U.S. Oool. Survey 13ull. 152, p. 153, 1898. 
a 1:-osquoroux, Loo, 'rho Tertiary flora: U.S. Goo!. Survey Terr. Ropt., 

VOl. 7, p. 246, 1878. 

the single example here figured, which is not to 
be distinguished fr01n Lesquereux's Sapindus 
caudatus, the only difference being the very 
slightly greater angle of its seconc\aries. 

Occurrence: Denver formation (Tertiary); 
type, . Golden, Colo. Livingston forma:tion ~ 
"Si.'\: miles above Spring Canon, Mont.," original 
specimen lost a:o.d none since obtained. Raton 
formation (Tertiary); locality 85, near Yankee, 
N. J\1ex., collected by W. T. Lee (5142). Wil­
cox fonnation ~ (Tertiary); Can1pbell's quarry, 
Cross Lakes, near Shreveport, La. · 

Sapindus affinus Newberry. 

Plate XCIX, figure 3. 

Sapindus a.ffinis Newberry, Lyceum Nat. Hist.• New York 
City Annals, vol. 9, p. 51, 1868; U.S. Geol. Survey 
Mon. 35, p. 116, pi. 30, fig;· 1; pl. 40, fig. 2, 189.8. 

Ward, U. S. Geol. Survey Sixth Ann. Rept., p. 554, 
pl. 50, figs. 2, 3, 1886; U. S. Geol. Survey Bull. 
37' p. 67' pl. 30, figs. 1, 2, 1887. 

This specim~n is perhaps the most abundant 
. and widely distributed form thus far discovered 
in the Fort Union formation, and it is of interest 
that it should be found in .the Raton formation 
so _far to the south of its previously known 
range. In the specimens figured from Primero 
there is a single nearly perfect leaflet and 
fragments· of two or three others. 

Occurrence: Raton .formation (Tertiary); 
dump from mine at .Primero, Colo., collected 
by W. T. Lee (5798). Fort UJ.?.ion for:J?ation 
(Tertiary). 

Sapindus. rocklandensis Knowlton, n. sp. 

Plate XCVIII, figure 4. 

Leaflet coriaceous in texture, elliptical­
lanceolate in ou.tli:ne, abruptly wedge-shaped 
at base, rather obtusely pointed at apex; 
petiole apparel}tly short; midrib straight; 

·secondaries about ten pairs, irregular, opposite 
above and below and alternate in the middle, 
emerging at a very low angle, then much curved 
upward, camptodrome, occasionally with ·only 
two camptodrome forks on the outside; finer 
.nervation not' retained. 

The present example is nearly perfect and 
is about 8.5 centimeters in length and 2.5 · 
centimeters in width. · It is slightly unequal 
sided at base and has a little of the petiole 
preserved. It may be known .by its e]liptical­
lanceolate shape and numerous irregular cam.p­
todrome secondaries. 
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This species is not greatly different from 
certain leaflets referred to Sapindus grandi­
foliolus- Ward 1 from the Fort Union formation 
of Montana. and Wyoming, but it differs by 

. its narrower and more elliptical shape and 'its 
l_ess ·markedly camptodrome secondaries. 

Its basal portion resembles certain leaflets of 
J uglans schimperi Lesquereux 2 from the Den­
ver and Green River formation, but its upper 
portion is qui'te ·different. It. also suggests 
leaflets that have sometimes been placed in 
Juglans rugosa Lesquereux, but the agreement 
is not very close. -

Occurrence;. Raton formation (Tertiary)_; 
one-eighth mile northeast of Rockland mine,. 
locality 120, north side of Cucharas Canyon, 
near Walsenburg, Colo., collected by W. T. 
Lee (5679). 

Order RHAMNALES. 

Family RHAMNACEAE. 

Rhamnus cleburni Lesque~eux. 

Plate C~III, figure 3. 

Rhamnus cleb-urni Lesquereux, U. S. Geol. and Geog. 
Survey Terr. Ann. Rept.,. 1873, p_. 381, 1874; U. S. 
Geol. Survey Terr. Rept., vol. 7 (Tertiary flora), 
p. 280, pl. 53, figs. 1-3, 1878. 

The material from Wootton, Colo., con­
tains the single finely preserved example of 

· this species that is here figured. It is nearly 
perfec~, lacking only a little of its upper part. 
It is about 13 centimeters in length and 5.5 
centimeters in width, and is indistinguishable 
from the type figures given by Lesquereux. 

Occurrence: Raton fqrmation (Tertiary); 
collected by W. T. Lee-Can~dian Canyon, 
N.Mex., 1 mile east· of Jones's Canyon (5291); 
dump from Turner mine, !}_miles north of 
Wootton, Colo. (5714-); railway cut one-half 
mile north of Wootton, Colo. (5711); Wet 
Canyon, 4 miles northeast of Weston, Colo. 
(5825); one-eighth mile northeast of Rockland 
mine, locality . 120, north side of Cucharas 
Canyon near ·Walsenburg, Colo. (5679); 
Spring Canyon, north of Vermejo Park, 
N. Mex. (5236); collected by G. B. Richard­
son's party~2 miles southeast of Dean," 
Colo. (5113); one-half mile southwest of Ber­
wind, Col9. (5107); 5 miles above Aguilar, 

1 U. S. Geol. Survey Sixth Ann. Rept., p. 554, pl. 4, figs. 4-8, 1886. 
2 The '.rertiary flora: U.S. Geol. Survey Terr. Rept;, vol. 7, p. 287, pl. 

56, fig. 10, 1878. 

Colo. (5046); collected ·by F. H. Knowlton­
hillside just west of south end of Raton tunnel, 
6 miles north of Raton, N. Mex. (5464); col­
lected by Orestes St.John-Wootton, Colo. 

. Rhamnus goldianus? Lesquereux. 

Plate CI, figure 4; Plate CXII, figure 5. 

Rhamnus goldimius Lesquereux, U. S. Geol. Survey Tc;Jrr. 
Ann Rept., 1872, p. 381, 1873; U. S. Geol. Survey 
Terr. Rept., vol. 7 (Tertiary flora), p. 281, pl. 53, 
figs~ 4-8, 1878. 

The specimen ·Ji~re figured appears to be 
properly referable to this species, though it is 
preserved on such a coarse-grained matrix 
that its character~ can not always .be made out 
with satisfaction. It is. about ·the same size 
and shape as the, medium-sized leaves of R. 
goldianus and has about the same number of 
close parallel secondaries. It has also the 
slightly heart-shaped base, but its ·lowest pair 
of secondaries dqe~ not appear to be supplied 
with tertiary· branches. The nervilles, though 

· faintly preserved, appear to be of the same 
character as in typical R. goldianus. It is 
possible that the specimen under considera­
tion is not quite the same, but it is obviously 
very close, and rather than make it a new 
species the identification has been questioned. 
. Oc·currence: Raton formation . (Tertiary); 
Wootton, Colo.,· 50 to· 100 feet below the 
Woottmi coal, cpllected by W. T. Lee .(5711); 
dump of.Green Canyon mi~1e, locality 119, near 
Aguilar, Colo., colleGted by W. T. Lee (5684). 

Rhamnus? woottonensis Knowlton, n. sp. 

Plate CI, figure 6. 

Leaf :firni. in texture, elliptical-lanceolate in 
shape, obtusely wedge shaped at base, ~ppar­
ently acuminate at base; marg_in entire below, 
thence slightly undulate or in a few places 
toothed, the teeth few, scattered, low; midrib 
fairly strong, perfectly straight; secondaries 
nine .or ten pairs, alternate, at. an angle of 
45°, slightly. curved upward, a few ne~r the 
middle with two or three tertiary branches on 
the outside; nervilles thin, mainly prominei1t. 

The specimen figured is the best observed, 
but it lacks a portion of the· side and the ex­
treme apex.. The length is about 17 centi­
meters and the width 7 centimeters. It is 
very difficult to be certain of the exact con­
figuration of the margin, but it is certainly 
entire for perhaps a fourth of its length from 
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the base; thence to the apex it appears to be 
slightly undulate or in places obscurely toothed. 

·The only really distinct tooth appears to be 
entered by a small branch from a secondary; 
the other secondaries ·appear to be canipto- · 
<h·on1e, but it is i1npossible to be certain of just 
how they terminate. 

Oecur.rence: Raton forn1ation ·(Tertiary); 
-dump of Turner n1ine, lt miles north of 
\Vootton, Colo., collected by W. T. Lee (5714), 
on·smne stone with a fragn1ent of Andromeda? 
.lanceolctta. . 

Rhamnus obovatus Lesquereux. 

Rhmmms obovat'l.tS I .. esquereux, Am. Join·. Sci., :!d ser., 
vol. 45, p. 207, 1868 (nomen nudum); U. S. Geol. 
SurveyTruT. ['l'hird] Ann. Hept., p. 97,1869 (reprint, 
p.,197, 1873); idem, 1871, Suppl., p. 15, 1872; idem, 
1872, pp. 381, 402, 1873; U. S. Geol. and Geog. 
Survey Terr. Ann. Hept., 1873,. pp. 382, 385, 187<1; · 
idem, 1876, p .. 517, 1878; U. S. Geol. Survey Terr. 
Hept., vol. 7 (Tertiary ftora), p. 281, pl. 54, figs. 1, 
2,. 1878; U. S. ~at. Mus. Pro~., vol. 11, p. 20, 1888. 

This was one of the three species· collected in 
1867 by J. L. LeConte and the only one con1ing 
'from the locality .given as "upper end of 
~urgatoire Canyon, N. Mex." _It wa~ subse­
quently reported by Lesquereux from Golden,. 
Colo:, and Evanston, Wyo., but the type 
·specrmens, tog~ther with all other ·original 
·specimens, are now lost or at least their p1·esent 
location is unla1<;>wn. The records of the 
United Sta.tos N a.tional :Musmun do not show 
that any of these specimens have ever been in 
its possession. 

Rhamnus obovatus is not contained in any of 
the recent collections from the Raton Mesa 
region, but, u.s may be seen from Lesquereux's 
:figures of it, it is too definite and well marked 
to be ignored. . 

Occurrence: Raton formation (Tertiary); 
type, upper end of Purgatoire ·Canyon, Colo., 
·collected July, 1867, by J. L. Le Conte. Den­
ver fonna.tion ~ (Tertiary); Golden, Colo. Se~ 
Lesquereux·. · 

Rhamnus fischeri Lesquereux. 

.Rhammu: fischeri Lesquereux, U. S. Geol. Survey Terr. 
Ann. H.ept., 1871, Suppl., p. 51, 1872. 

Lesquereux says: 
• Leaves thickish, large, 4 inches long, 3 inches broad, 

rhomboidal, obtuse and entire; median nerve thick, 
:groo.v~d, secondary nerves open (angle o~ divergence, 60°), 
·Cqmdtstant, ten to twelve pairs, parallel, straight to the 

borders where they abruptly curve, camptodroroe. By 
the form of the leaves and the straight secondary veins 
this species is related to Rham.nus aizoon Heer. The nerva­
tion is not distinguis),lable. 

So far as .known to the writer this species was 
not subsequently referred to by its author. It 

··does not 'appear in "T~1e Tertiary flora," which 
was the formal summing up of available da.ta 
to 1878, and it seems probable that it was 
merged with · some other specie.s or type, 
tl~ough there is no evidence to support this 
v1ew. In the absence of information as to 
its disposition it seems best to retain it as left 
.by Lesquereux. . 
" <?ccurrence: Raton . forma,tion. (Tertim~y); 

F1schers Peak, Raton }.fountains, Colo.," 
collected by F: V. Hayden, 1869. , . 

Berchemia multinervis (Alexander Braun) Heer. 

Plate CI, figure. 5. 

Bercherrda parvijolia Lesquereux, Am: Jour. Sci., vol. 45; 
_ p. 207, 1868; U.S. Geol. Survey Terr. ['l'hird] Ann. 

Hept., p. 96, 1869, reprint, p.l96, 1873; idem~ 1870, 
p. 382, 1871; idem, 1871, Suppl., p. 15, 1872; U. S. 
Geol. and Geog. Survey '!'err. Ann. Rept., 1873, p. 
382, 1874. . 

Bm·chem.ia multinervis (Alexander Braun) Heer. tes­
quereux, U. S. Geol. Survey Terr. Hept., vol. 7 
(Tertiary .ftor~), p. 277, p~. 52, .figs. 9, 10, 1878; 
U. S. Geol. and Geog. Survey Terr. Arin. Rept'., 
1876, p. 517, 1878; U. S. Nat. Mus. Proc., vol. 11, 
p. 16, 1888. 

Neither of the figured Alnerican '' types '' of · 
this species are now, nor apparently have eve~ 
been, iri the United States National Museum 
collection. As indicated by the s}rnonyn1y 
Lesquereux first called this form Berchemia 
parvifolia, but when he prepared ''The Tertiary 
fl?r~" he decided that it was not sufficiently 
distinct from the. well-known European plant, 
a view of which all later collections appea.r to 
sustain. The earlier specimens are said to 
have come fron1 Raton Pass in the Raton. 
}.fountains, N. }.{ex., but they are not in the· 
U~1ited States National Museum and .'their 
wherea.bouts can not be ascertained. Later 
specimens, however, have been reported from 
several localities .in or about the ·Denver forina­
tion of Colorado. 

This species as found in American strata is 
undoubtedly closely allied to Rhamnus goldi­
anus, from which it differs, according to Les­
quereux, in never exhibiting the lowest piur 
of secondaries branched on the outside. Tllis 
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character Ward 1 does "not regard as of suffi­
cient weight to be treated as generic.," and it is 
a slight character to attach· such importance to. 
But, as Lesquereux says, all of the leaves of 
Rhamnus goldianus, regardless of size, have the 
lower secondaries branched, and as none of 
the leaves of Berchemia show this branching it 
perhaps becomes 'a generic character. 

Much more difficult, it appears to me, is the. 
task of discriminating between B. multinervis 
and the small leaves of Rhamnus cleburni, 
which are frequently associat-ed with it. 
Rhamnus cleburni differs fro1n. R. goldianus in 

· ing Lesqu~reux's. original reference, though his 
specimens are now lost. 

OccUrrence: Raton formation (Tertiary) ;. 
Raton Pass, Raton Mountains, N. Mex., type. 
locality of Berchemia· parvijolia Lesquereux, 
mine No.5, locality 85, near Yankee, N.Mex.,. 
collected ~y W. T. Lee (5134). Denver for-: 
mation (Tertiary); Golden, Colo., Dawson 
arkose, near Douglass mine, west of Sedalia,. 
Colo. Fort Union formation (Tertiary); mouth 
of Yellowstone River, Mont. 

Paliurus zizyphoides Lesquereux. 

being usually of larger size and in not having Plate CIV, figure 2. 

the lower pair of secondaries 'branched,. which Paliurus zizyphoides Lesquereux, U. S. Geol. Survey 
is sufficient where the leaves are la.rge, but Terr. Ann. Rept., 1872, p. 384, 397, 1873; U. S. 
when they are smaller it is impossible to ~eol. and Geog. Survey Terr. Ann. Rep~., 1873,. 

h p. 382, 1874; idem, 1876, p. 516, 1878; U. S. Geol. 
separate them from· B .. multinervis. T ey can Survey Terr. Rept., vol. 7 (Tertiary flora), p. 274,. 
only be unsatisfactorily separated by the fact pl.· 51, figs. ·1-6, 1878; Harvard Coil. Mus. Comp . 

. that B. multine!Vis. is nearly elliptical and .R. Zool. Bull., vol. 16, 1888, p. 55. 

cleburni more pointed. Four of the six figured types of this species. 
According to the facts above presented, the . are preserved in the United States National 

leaf from Goldf}n, Colo., referred by Ward to Museum (fig. 1, No. 416.; fig. 4, No. 4166 ; fig. 
Berchemia multinervis,2 will have to be referred 5; No. 418; fig. 6, No. 416a), as are also a. 
to Rhamnus goldianus. It is no smaller than number of other specimens marked as types. 
a number of leaves_ referred to this latter which do not appear to be such, and it is.· 
species by Lesquereu~, being only a little more possible that the .two missing ones may be in_· 

wedge shaped at base. the collection under wrong numbers. 
The recent collections from the Denver · This species_ was :first described from Erie,. 

Basin embracing this species come from the near Golden, Colo .. , but the specimen (or speci- · 
south face of South Table Mountain, Golden, mens) can not- now be found and none have, 
Colo., _and from 3,000 feet east of the Douglass ·since been obtained from the locality. ·A. 
coal mine, west of Sedalia, Colo. The species ·single· ~pecimen in .the collection (No. 4i 7) 
_has also been reported from the Fort Union from Sand Creek, Colo., is mark~d as a type,. 
formation near the mouth of Yellowstone River. but it can not be identified with any of the· . 
. The single specimen here figured from New figures. It is not well preserved and does not. 

Mexico is nearly perfect so far as regards out- appear to agr-ee closely with the typical forms. 
line and the principal nervation, and it is It seems to be more closely related to Rhamnus: 
referred to this species· with little hesitation. and may belong to this genus. 
It .is preserved on such a coarse-grained sand- Most of the specimens representing the species . 

. stone thn,t the peculiar, fine nervation is almost come from Black Buttes, Wyo., but a few· 
obliterated, though careful study discloses a appear to have been found at Golden, Colo .. 
few nervilles. It is a little more nearly ellip- The Black Buttes specimens as figured differ· 
tical than the two examples fi.gured by Les- considerably among themselves. They meas-­
quereux, but it is exactly duplicated by some ure 2 to 7 centimeters each way, for they are' 
of the leaves figured by Heer 3 from th~ Swiss nearly round or sometimes approximately ova~ .. 
Miocene. The finding of this speCies again in At first sight i.t seems hardly possible that. 
the Raton region is of importance in confirm- they belong to one species, yet in nervation 

t.Ward, L. F., Types of the Laramie flora: U.S. Geol. Survey Bul~ they certainly appear Very Similar. The thick 
37, p. 73, 1887. midrib is ''abruptly inflated above the. base of 

2 Ward, L. F., op. cit., p. 73, pl. 33, fig. 2. the leaves and the two or three pairs of pri--
s Flora tertiaria Helvetiae, vol- 3, pl. 123, 1859. 
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mary nerves are successively attached to it, 
the inner ones at the top of the inflated part, 
the others lower." It is probable that if a 
large.r series can eYer be obtained it will be 

. found possible to diYide thmn up. 
The specimen figured, which is froni south­

eastern Colorado, agrees most closely with 
figure 6 of the original· illustrations. It lacks 
all of the upper portion (as does . also the 
figure with which it is compared)., but so far 
as can be made out the differences are not 
essential .. 

Occurrence: Raton formation (Tertiary) ; 
Wootton, Colo., 50 to 100 feet above the 
Wootton coal, 'collected by W. T. Lee (5712). 
Black. Buttes coal group (regarded by the 
aut.hor ns post-Laramie);· Black Buttes, Wyo. 
DenYer forn1ation· (Tertiary); Golden, Colo. 
Laramie formation (Cretaceous) ; Erie and Sand 
Creek, Colo. 

Zizyphus fibrill~sus (Lesquereux) Lesquereux. 

Plate CII, figure 1. 

Ceanothus fibrillosus Lesquereux, U. S. Geol. Survey 
'!'err. Ann. Rept., 1872, p. '381, 1873; U. S. Geol. 
·and Geog. Survey Terr. Ann. Rept., 1873, p. 404, 
1874. 

Zizyph1ts fibrillosus (Lesquereux) Lesquereux, U. S. Geol. 
Survey Ten. Rept., vol. 7 .(Tertiary flora), p. 276, 
pl. 52, figs. 1-6, 1878; Harvard Coll. Mus. Comp. 
Zoology Bull., vol. 16, p. 55, 1888. 

Zizljpltu.s distort'us Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. 275, pl. 51, fig. 7 
(not figs. 8, 9), 1878. 

The figured type specimens of this species, 
together with a number of others, are preserved 
in the United ·States N-ational Museum. (Nos.· 
425-429). Though none of these specimens is 
absolutely pedect, the different parts are so 
well represented that a fairly good idea of the 
appearance of the leaf may. be gained from 
iliem. · 

This species was first repor.ted by Lesquereux 
as rare, but subsequent collections have shown 
it to be one of the most abundant and charac­
teristic plmits of the Denver formation, to 
which it has been supposed to be confined. 
The collections elaborated .by Lesquereux for 
the· :Harvard Colleg~ Museum of Comparative 
Zoology contained some specimens, and the col­
lections made at Golden by the United States 
Geological Survey contain about 40 more or less 
perfect examples. F1~om a study of all. these 
leaYes it appears that some are very broad 

(8 centin1eters), with a round, subcordate base 
and in a few specimens with seven nerves, 
though normally with only five and exception­
ally with only three. Others are round or sub­
truncate at base and are prolonged above into 
a rather slender acuminate apex. They ordi­
narily range·from 5 to 8 centimeters in width 
and 7 to 12 centimeters in le11gth. The petiole 
is_ preserYed in some leaves for 2.5 to 3 centi­
meters; it is narrow below and broadens slightly 
where it expands into the laminae. The nei·­
villes are very close, distinct, simple, at r~ght 
angles to the midrib and more or less oblique to 
the lateral nerves and their branches. One of 
the figured types of Lesquereu~'s Zizyphus dis­
tortus 1 shows no essen ti.al difference from the 
present species and has accordingly been trans­
ferred to it. Very probably the other leaves 
figured under Z. distortus should_ also be trans­
ferred tq Z. fibrillosus, but there are some· rea­
sons for. keeping the 'two species distinct, and 
they may so remain for the present. 

Lesquereux's statement 2 that this species has 
been found at Black Buttes, Wyo., appearsto 
he in erro_r, as no knpwn specimens show such 
distribution. . 

The specimen here figured from the Raton 
Mesa region is an exceptionally well preserved. 
leaf; at least as regards the basal portion and 
petiole, and ·is seen to belong to the broader 
s_even-ribbed type above described. The ner­
villes, although obscure, are really W(jli pre­
served, and can be made out with a low-pow­
ered microscope. This. specimen, so far as 
known, is the fu'St one. ·found outside of the 
Denver Basin. · 

An exceptionally large leaf of this species oc­
curs in a collection from Vermejo Creek, N. 
Mex. It is fully 12 ·centimeters long and 9 
centimeters broad but is not figured, as it is 
somewhat imperfect on the margins. 

Occurrence: Denver formation ·(Tertiary); 
types, Golden, Colo. Raton formation (Ter­
tiary), · ~ollectecl by W. T. Lee-Apishapa 
Canyon, 3 .miles northeast of Abeton, Colo. 
(5.688); dump of mine at Delagua, Colo. 
(5690); Vermejo Valley, near the mouth of 
Salyers Creek, N. Mex. (5826); junction .of 
Dillon and· Coal canyons, near Blossburg,. N. 
Mex. (5149); near Yankee, N.l\1Qx. (514,2); col-

1 Lesquereux, Leo, '!'he 'rertiary flora: U. S. Gcol. Survey Rept., 
vol. 7, p. 275, pl. 51, fig. 7, 1878. 

2 Idem, p. 276. 
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lected by G. B. Richardson's party-S miles . The example figured is the ·only one observed 
above Aguilar, Colo. (5046); collected by of this form; it is nearly perfect, lacking only a 
Orestes St. John-Wootton, Colo. small portion of the apex. The length was 

· Zizyphus rneiggsii (L~squereux) Schirnper. 

Plate XCIX, :figures 1, 2; Plate C, figure 3. 

Ceanoth1.tS meiggsii Lesquereui, 'Am. Philos. Soc. Trans., 
vol. 13, p. 419, pl. 19, :figs. 5-7, 1869. 

Zizyphus meiggsii (Lesquereux), Schimper, Palc§ontologie 
vegetale, vol. 3, p. 223, 1874. . 

Berry, U. S. Geol. Survey Prof. Paper 91, p. 278, 
pl. 70, figs . .3-5, 1916. 

presumably about 8 centimeters, and the width 
is nearly 4 centimeters. The outline of the 
leaf and the rather peculiar nervation are well 
shown in the figure. 

This leaf appears to be ·related to Apeibopsis? 
discolor Lesquereux, 1 from the Black Buttes 
coal group (regarded by the au thor as of post­
Laramie age) at Black Buttes, Wyo., but is 
quite distinct from it. It- also res~mbles 
~yssa buddiana Ward 2 from the supposed 
Laramie at Hodges Pass, Wyo., but is easily 
distinguished from it. 

Occurrence: Raton formation (Tertiary); 
locality 85, near Yankee, N. Mex., collected by 
W. T. Lee (5142). · 

Tilia speciosissima Knowlton! n. sp. 

The two specimens figured are from V er­
mejo Creek. They are very fragmentary but 
seem to be indistinguishable from this species. 
Th.ey. have the same broadly ovate outline, 
finely and ~venly serrate margin, and triple­
ribbed primary nervation. · The lateral ribs 
with their numerous outside branches extend 
nearly to the upper point of the blade; and the 
midrib bears numerous thin secondary Plate LXVII. 

branches. Whether or not the apex was pro- Leaf of large size and very firm texture, 
longed into the slender tip, as shown in one broadly ovate in shape, deeply cordate at base, 
of the type specimens, can not be ascertained, the lobes rounded, apex rather obtuse; petiole 
for the leaf is broken just at this point, but very long, slender; margin undulate, toothed, 
from the appearance of ·the midrib it is ex- or seemingly almost entire; nervation strong; 
tremely probable that it was prolonged to some three ribbed· from the top of the petiole, the 
extent at 1east. . lnidrib straight, with about three pairs of 

A specimen believed to belong to this spe- strong alternate secondaries at. an angle of 
cies was detected in the collections from the about 45°, slightly curved upward, ending in 
vicinity of Yankee. It is. indistinguishable the n1argin or ·slightly below it; lateral ribs 

·from the larger of the two from Vermejo Creek. ·nearly as strong as the midrib, running up for 
Occurrence: Raton formation (Tertiary), col- two-thirds the. length of the blade, slightly 

lected by W .. T. Lee-Vermejo Valley, near the curved upward, each with numerous (eight or 
mouth of .Salyers Cre~k, N. M·ex. (5826); sec- nine) secondary branches on the outside, the 
ticm near mine No. 5, locality 85, Yankee, lowest pair-which arise with the midrib and 
N. Mex: (5137). Wilcox formation (Tertiary); lateral ribs at the base of the blade and giving 
types, Mississippi. · a five-ribbed appearance to the leaf-with 

Order MALVALES. 

Family TILIACEAE. 

Apeibopsis? neomexicana Knowlton, n. sp. 

Plate CI, :figure 3. 

Leaf of firm texture, ovate-lanceolate, trun­
cate at base (apex destroyed); margin strongly 
undulate; petiole strong; midrib very strong, 
especially below; secondaries about six or 
seven pairs, alternate, arising, at v~ry irregu­
lar distances, at an angle of about 45°, some­
what curved upward, camptodrome, arching 
well inside the margin, often with large loops;· 
finer nervation obsolete. 

several (about eight) tertiary branches which 
supply the basal lobes; nervilles numerous, 
strong, usually . somewhat . oblique . to the 
secondaries. 

The splendid leaf here figured, together with 
·its counterpart, is almost perfectly preserved. 
It is broad-ovate in shape, being about 14 centi­
meters long and 12 centimeters ~de; its petiole 
is preserved for a length of 7.5 centimeters and 
clearly is not all present. The nervation is so 

·well shown in Plate LXVII that· it is not nee-
essary further to describe it. 

1 The Tertiary .flora: U. S. Geol. Survey Terr. Rept., vol. 7, p. 259, 
pl. 44, fig. 6, 1$78. ' 

2 Synopsis of the flora of the Laramie group: U. S. Geol. Survey Sixth 
Ann. Rept., pl. 47, fig. 7, 1886. 
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This species seems with reasonable certainty 
to belong to the genus Tilia, being, for example, 
quite like son1e of the larger leaves of the living 
T. americana Lin~e, the common linden or 
basswood. Ordinarily the leaves of all the liv­
ing species of Tilia are- more or less unequal 
sided at base, but there are n1any in which this 
inequality is slight and some in which it can not 
be detected. The present leaf is not quite per­
fectly preserved at base, but so far as can be 
made out it is slightly inequilateral. The long 
strong petiole is the same as in Tilia, and the 
manner in which the strong lateral ribs origi­
nate is the Saine as in T. americana; The mar­
gin in living linden leaves is usually sharply 
serrate, though in certain large leaves, especi­
ally those fron1 suckers, the teeth are less nu­
merous and less sharp. The n1argin in the 
fossil leaves is obscurely preserved but appar­
ently is not strongly toothed; in fact, it is 
almost entire. The nervation agrees almost 
perfectly with that of T. americana. 

Tilia speciosissima bears much resemblance 
to certain fossil leaves that h~ve been referred 
to the genus P 01Julus. P. Zatior cordifolia Heer, 1 

from the Swiss Miocene, is even larger, though 
of quite different shape. Populus Zaevigata 
:I;,.esquereu..·x:,2 from the Laramie Plains of 
Wyoming, is also similar, as is P. genatrix New­
berry, fron1 the Fort "Onion formation of the 
Yellowstone Valley, Mont. On the whole, how­
ever, the specimens und~:mbtedly resm;nble Tilia. 
more closely than Po1Julus. 

Occurrence: Raton formation (Tertiary); one­
eighth nlile northeast of the Rockland mine, 
locality .120, north side of Cucharas Canyon,. 
near Walsenburg, Colo., collected by W. T. Lee 
(5679). 

Family STERCULIACEAE. 

Sterculia berryana .Knowlton, n. sp. · 

Plate CII, figures 3, 4. 

Leaf stnall, coriaceous, truncate 'to a slightly 
decurrent base, palmately fiT lobed, palmately 
three ribbed from the top of the petiole; lobes 
.Ianceolate, acuminate, the central lobe much 
the larger, the lowest ones very small; margin 
otherwise perfectly entire; central lobe with 
three or four pairs of alternate, strong secon­
dary branches, the lowest entering and running 

1 Flora tortiuria Holvoti~e, vol. ·2,'pl. 55, figs. 1, 2, 1858. 
s 'J'ho ~'ortiary flora: U. S. Goo!. Survey ',!.'err. Ropt., voL 7, pl. 21, 

fig. 9,.l878. . . . 

47019°-17--22 

·nearly to the tip of the lateral lobes, the others 
n1u~h curved upward. and running along the 
n1argin; lateral ribs with about two secondary 
branches on the lower side only, one entering 
the tip of the lower lobe and the other runillng 
nearly to the tip of the lateral ~obe; finer nerva-
tion· not retained. · 

This fine species is represented by several 
specimens, of which the best preserved is fig­
ured (fig. 3). It is about 9 or 10 centimeters 
long and 8 centi1neters ·between the tips of th~ 
lateral lobes. The central lobe is about 4.5 
centimeters 'long and 3 centin1eters broad, t:P.e 
la-teral lobes only 2.5 centimeters long, and the 
basal lobes less than 1 centimeter long. . 

Among the other more ~r less fragmentary 
specimens is one which was at first mistaken 

·for a Platanus. It was probably 15 centi­
nleters long and 12 centimeters or more broad. 
The specimen.sliown in figure 4 was probably 
fully as large, and it well shows the truncate 
character of the base and the abruptly de­
current portion wliich follows t~e thin ribs to 
their junction with the top of the petiole.· 

This species is of the same type as Sterculia 
mucronata Lesquereux and S. · snowii Lesque­
reux; from the Dakota sandstone of Kansas, 3 

from whiQh, however, it differs in its gener:ally 
smaller size, its relatively much larger central · 
lobe,· and n1arkedly in its nervation. It is 
wholly unlike any of the few American Tertiary 
forms· thus far referred to this genus. 

Among foreign Tertiary species S. berryana 
is of the same type as several-for example, 
S. Zabrusca Unger,. as figured by Engelhardt, 
and S. majolana Massalongo. 4 

This species is named in honor· of Edward 
W. Berry. . 

OccmTence: Ra.ton formation (Tertiary); 
n1ine No. 5, locality 85, near Yankee, N.Mex., 
collected by W. T. Lee (5134). 

Dombeyopsis m:agnifolia Knowlton, ·n. sp. 

P~ate CII, figure _2. 

In one of the collections from Ute Park, 
N. Mex., a specimen was found (figure 2) which -
appears to belong to the genus Dombeyapsis, · 
though unfortunately it ~s so fragmentary 
that it is ·perhaps unwise to give it a new .. 

s Lesquoroux, Leo, The flora of the Dukqta group: U.S. Geol. Survey 
Mon. 17, pl. 30, figs. 1-4, and pl. 31, figs. 2, 3, 1892. 

• Massulongo, A. B., Synopsis florae fossilis Senegalliensis, pl. 20, fig. 3, 
1858. . 
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specific name. In size it is probably nearest 
to Dombeyopsis obtusa Lesquereux, 1 from the 
Denver formation at Golden, Colo.; it -is., how­
ever, la,J:ger, being fully 14 centimeters long 
and 13 centimeters wide. Its margin is Un.du-

. late, in which particular it agrees better with 
e)ther D. trivialis Lesquereux,2 from the Lara­
mie at Golden, Colo., or with· D. platanoides 
Lesquereux, 2 from beds at Spri~gCanyon, Mont., 
tha.t are regarded by the ~uthor as of post­
Laramie age. It is larger than either of these 
species and is proportionately longer, its length 
exceeding its width. It was at least four lobed 
on each side· and was probably deeply heart 
shaped ~t base. This form probably can be 

0 

recognized in future from the fragment figured 
and should be a good horizon marker. 

Occurrence: Raton form~tion (Tertiary); 
Ute Park, N.Mex., on road to Ponil Park, col­
lected by W. T. Lee (5830). 

Family VITACEAE. 

Vi tis olriki Heer. 

Vitis olriki Heer, Flora fossilis arctica, vol. I, p. I20, pl. 
48, fig. I, I868. 

Lesquereux, U. S. Geol. Survey Terr. Ann. Rept., 
I871, Suppl. p. I2, I872; U. S. Geol. and Geog. Sur­
vey Terr. Ann. Rept., I873,.. p. 385, I874; i~em, 

· ;1.876, p. 5l2, I878; U. S. Geol. Survey Terr. Rept., 
vol. 7 (Tertiary flora), p. 24I, pi_. 4I, fig. 8, I878. 

The single example upon which Lesquereux 
based· his determination of this species in 
American strata is preserved. in the Vnited 
States National Museum (No. 351). It agrees 

· closelywith the original Greenland leaf as figured 
by Heer, being only a little coarser toothed and 
having fewer secondaries on t);le midrib. The 
specimen described and figured by Lesquereux 
comes from.Evanston, Wyo.," above the coal." 
It was ·not observed in the recent collections 
from· this locality. 

Lesquereux states .that this species had been 
found· in the Raton Mountains, but no speci­
men from, this locality was contained in the 
collections of the United ·states National Mu­
seum. It is therefore a pleaslire to be able to 
announce that a single example with its coun.:. 
terpart occurs in the present collections from 
the mesa north of Raton. It is fragmentary, 

·lacking all of the upper portion, but the base 
is well shown and agrees with the figure given 

1 Lesquereux, Leo, The Tertiary flora: U.S. Geol. Surv~y Terr. Rept., 
vol. 7, p. 255, pl. 47, figs. 4, 5, 1878. · 

2 Idem, pl. 47, figs. 1, 2, 3. 

by Lesquereux, except that it is a little larger. 
It has not been figured, as it can add nothing 
to our lmowledge of the form. · 

Occurrence: Beds regarded by the author as 
Tertiary; Evanston, Wyo. Raton formation 
(Tertiary); mesa north of Raton, N. Mex., at 
top of Raton formation_, collected by W. ·T. 
Lee (5152). 

·Vi tis leei Knowlton, n. sp. 

Plate LXVI, figure 4 .. 

. Leaf membranaceous in texture, nearly cir­
~ular in outline, slightly heart shaped at base, 
apparently rounded at apex; petiole strong, at 
least 2.5 centjmeters long and probably much 
loriger; margin entire for a short distance at 
base, thence regularly and evenly serrate, the 
teeth strong, sharp, and outward pointing; ner­
vation palmate, five ribbed from the top of the 
petiole, the lower pair nearly at right- angles to 
the midrib, with several Tertiary branches on 
the lower side that enter the marginal teeth; 
next pair of ribs at an angle of about 45°, cras­
pedodrome, each with four or five branches on 
the outside that enter the teeth; midrib with 
three or.four pairs of craspedodrome secondary 
branches; nervilles thin, usually unbroken. 

The specimen figured is the only one o b­
served. It is nearly circular in outline, the 
length reaching 6.5 or 7 centimeters and the 
·width about 8 centimeters. The petiole, as 
stated above, is preserved for 2.5 centimeters 
and was apparently considerably longer. 

This leaf, fortunately nearly perfec~, appears 
to be certain,ly referable to the genus Vitis, it 
being clearly of the' type of the living · V. Zab­
rusca Linlle, the common fox grape of the East. 
It is also similar to V. cinerea Engelmann, the 
downy grape of the Middle West. The present 

·species has much the same sh~ pe and marginal 
toothing as these living species but is less 
deeply hear.t shaped at base and has the ribs 
very little arched upward. Its ·general appear-
ance, however, is quite that of Vitis. . 

At first it was thought that this species might 
be referable to Populus. ·It agrees very well 
with Populus latior cordifolia H.eer 3 in shape, 
configuration of base, marginal teetJ:t, and pal­
mate origin of the principal ribs, but it differs 
from it in size and essentially in nervation, all 
the ribs and secondaries being craspedodrome 
instead· of camptodrome. Populus grewiozJsi? 

a Flora te~tiaria Helvetiae, vol. 2, pl. 55, fig. 2, 1856. 
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W ard;1 from the Fort Union formation of Mon­
tana, is closer to it in size and shape, but diffe~s 
frmu it in having its base truncate instead of 
heart shaped and its principal nervation less 
markedly palmate in origin, though craspedo­
drom.e. Hardly to be distinguished from P. · 

. · qrewio1Jsis is G1·ewiopsis popullfolia Ward,2 also 
fro1n the Fort ·Union; the two are certainly 
congeneric. 

Occurrence: Raton formation (Tertiary); 
dump of Green. Canyon mine, locality 119, near 
Aguilar, Colo., collected by W. T. Lee (5684). 

Vitis? platanJ.folia Knowlton, n. sp. 

Plate Gill, figure 2. 

Leaves of mec1ium siz~, coriaceous in texture, 
obtusely wedge shaped and entire below, three­
lobed above, the lobes obtusely triangular in 
·shape, of nearly equal size, margin of lobes with 
obtuse .teeth; the three ribs arising at the base 
of the blade,. of equal strength; midrib with 
about four pairs of alternate secondaries'which 
pass to marginal teeth; lateral ribs with four 
or five secondary branches . on the lower .side 
ap.d three or four on the . upper side; finer 
nervation obsolete. 

This form is represented by a number of 
leaves, but all are more or less· fragmentary, 
making it difficult to determine the characters. 
The best example (fig. 2) is about 8 centi­
meters long and about l1 centimeters broad; 
othQr specimens are a little larger: but- the 
average size is apparently as stated. 

This species appears to be· most closely te­
la ted to Vitis bTUneri Ward 3 from Carbon, 
Wyo., being of about the same size, though 
more wedge shaped at base and less inclined to 
be five ribbed. In V. bruneri, however, the 
five-ribbed facies is more apparent than real, 
for the lowest pair of "ribs" is simply produced 
by the lower secondaries, which in some speci­
mens branch off near the base of the real lateral 
ribs. 

The upper portion of Vitis carbonensis Ward, 4 

also from Carbon, Wyo., is perhaps more like 
this portion of· V. platanijolia,. but its basal 
portion as well as the major nerv.ation is suffi­
cient to_ separate the two. 

1 Ward, L. F., Synopsis of the flora of tho Laramie group: U.S. Geol. 
Survey Sixth Ann. Rept., pl. 30, fig. 0, 1880. · · 

s Idem, pl. 55, fig. 8. 
Bldem, pl. 51, figs. 4, 5. 
•Idem, pl. 51, fig. 6. 

Occurrence: Raton formation (Tertiary); 
Riley Canyon near Cokedale, Colo., collected by 
W. T. Lee (5701). 

Vitis inominata Knowlton, n. sp. 

Plate CVII, figure 1. 

Leaf rather thin in texture, apparently 
·nearly circular in general outline, deeply 
heart shaped at base, apparently rounded at. 
apex; margin regularly a:J?.d coarsely toothed, 
teeth low, outward pointing; nervation strong; 
palmately five ribbed from tlte extreme base 
of the blade; midrib with two or possibly 
three pairs of ~emote alternate secondaries; 
lateral pa_ir of ribs arising at an angle of ap­
proxiP:tatdy 45°, slightly curved upward, each 
wi.th four or five secondary branches on the 
outside:, the two lower with two or three ter­
tiary br;anches on the lower side; basal pair of 
ribs emerging nearly at tight angles with the 
m.idrib~ slightly curved upward, each with 
·about six tertiary branches on the lower side 
which supply the rounded basal lobes; finer 
nervation not preserved. 

This species, represented by a smgle exam­
ple, lacks the apical portion and much of one 
side, but as nearly as can be made out it was 
approximately circular in ge~eral outline. 
'J;'he length was about 10 centimeters an'd the 
width about the same. 

That this leaf is properly referred to the 
genus Vitis there is no reasonable doubt as 
proclfl,imed by its size, general shape, marginal 
dentation, and above all by the nervation. 
Among living species it is strikingly similar to 
V. aestivalis Michaux, the common summer 
grape of eastern North America, in which the 
leaves are normally s,trongly three lobed but 
are exceptionally scarcely lobed at all. It is 
the unlobed leaves that' most resemble the 
fossil under consideration. 

Among fossil species Vitis inominata is per­
haps closest to V. olriki Heer, as figur.ed by 
Lesquereux 5 from Evanston, Wyo.," above the 
coal," but. it. differs from this in its complete 
lack of lateral lobes and in its more numerous 
and smaller teeth. 

Occurrence: Raton formation (Tertiary); 
Trinidad coal field, one-eighth mile northeast 
of Rockland mine, locality 120, north side of 
· 5 The Tertiary flora: U. S. Geol. Survey Terr. Rept., vol. 7, p. 241, 
pl. 42, fig. 8, 1878. 
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Cucharas Canyon, 3 miles southwest of W alsen­
burg, Colo., collected. by W. T. Lee (5679). 

Cissus grossede~tata Knowlton, n. sp. 

Plate CIV, figure 1. . 

It is possible that a large series of specimens 
might_ show that what is here described as a new 
species is riot to be sepi_trated from 0,. parrotiae­

. folia, for the differences are not very great. 

Leaf- of large size and· firm texture, broadly 
ovate, rather abruptly rounded below to :1 

slightly ·decurrent basal portion, acuminate 
above; margin entire· at base, then strongly 
few toothed, the teeth large, rather obtuse, 
·separated by broad shallow sinuses; midrib 
strong below, becoming thin above; secondaries 
five or six pairs, at an angle of 45° or 50°, the . 
lowest pair much· the stronger, arising well 
above the decurrent portion of the blade, each 
with four or five tertiary branches on the out-

. side which are much curved upward and pass 
to th.e marginal teeth; other -seconda;ries nearly 
opposite, terminating in the large teeth; finer 
nervation· obsolete. · · 

This ·E?plendid leaf ·is nearly .perfect, lacking 
but.a very smallportion of one m~rgi:'-1. ·It is 
about 14 centimeters long and slightly over B 
centimeters wide. The· decurrent basal por­
tio~ is about 1 centimeter long and a little more 
than this in width where it turns downward 
from the basal line of the blade. The petiole 
is p:reserved for less than 1 centimeter. The 
basal.pair of secondaries is almost as str<;mg ·as 
the midriban4 as _they originate well above _the 
_base of the blade .the leaf appears to be three 
ribbed. 

This species seems to be most closely related 
to Oissus parrotiaefolia Lesquereux 1 from 
which it differs in. its la'rger. size, much more 
pointed apex, decurrent basal· portion, and in 
having its lowest pair of secondaries arising 
well above the base instead of at or near the 
top of the petiole. Oissus ·parrotiaejolia· was 
described originally from beds supposed to be 
of Green River age, but.careful reading of the· 
original reference shows t.hat they are from an 
unknown locality, for it appears that the' 

· "labels had been lost or misplaced." The par-
. ticular specimen above referred to came from 
Medicirie Bow, Wyo., in beds now known to 
belong to Veatch's "Upper Laramie," which is 
regarded by the author as the equivalent there 
of the Lance formation. This species has also 
been found by' Lesquereux 2 from the Den:ver . 
formatioii .. a:t ·Golden; ·colo. ·· · 

1 Idem, p. 239, pl. 42, fig. 1. 
2 Harvard Coli. Mus. Comp. Zool. Bull., vol. 16, p. 52, 1888. 

Occlirrence: Raton formation. (Tertiary); 
Morley, Colo., collected by Orestes St. John, 
1897. 

Cissus laevigata Lesquereux. 

. / Plate CIII, figure 1. 

Cissuslaevigata Lesquereux·, U.S. Geol. Survey Terr. Ann. 
Rept., 1872, p. 380, 1873; U. ~. Geol. and .Goog .. 
Survey, Terr. Ann. Rept., 1873, p. 382, 1874; idem, 
1876, p. 51~, 1878; U. S .. Geol. Survey Tei·r. Rept., 

. vol. 7 (Tertiary flora), p. 238,.pl. 40, figs. 12, 13, 187~. 

Leaf pJ.embranaceous, broadly oval in out­
line, narrowing in a broad curve to the short 
petiole; three nerved from the hase or slightly 
above it, the lateral ribs rlinning nearly straight 
to about the :n:iiddle of the blade, branching on 
the outside; secondaries alternate. or subop­
posite, parallel; nervilles prominent, percurrent, 
approximately at right angleE? to midrib; areo-
lation quadrangular. . · 

This species, according to Lesquerelix, was 
founded on two spe·cimens, both of which lacked 
the upper portions. Only one of these types 
(No. 347), the original of Lesquereux's figure · 
13, is now to be found.in the collections of the 
United States National Museum. Both are 
said to have come from the same locality, 
namely the Denver formation at Golden, Colo., 
together with a number of smaller fragments, 
but none appears to have been obtained in the 
type area in recent years. 

In working up some of the later collections 
from the Denver area, two specimens were 
found near the Douglass coal mines, west of 
Sedalia, Colo:, that agree in every particular 
with the figures of the original specimen~ .. 
Liloo the types, they lack the upper portions of 
the blade, although one has fully two-thirds of 
the lamina preserved. Lesquereux . thought . 
it probable that these leaves ~ould be oJ?scurely 
trilobate a_t the apex, but the Sedalia examples 
did not hear this out . 

The specimen here identified with Oissus 
laevigata is the most complete of any thus far 
·obtained, but it also lacks the extreme point. 
rhe base of this-specimen agrees perfectly with 
the. types; but the upper portion is rather 
longer, and the leaf more nearly ovate, than 
was anticipated ·from examples -previously 
studied. It was apparently about ~0 centi-
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meters long, and 6.5 centimeters wide and has 
the petiole preserved for nearly 2 centimeters. 
There were about three pairs of rather slender 
secondary branches on the midrib above the 
basal pair of ribs. The finer nervation is 
obscure, but so far as can be made out it 
agrees with 'the type specimen. 

Occurrence:. Denver formation (Tertiary); 
types, Golden, Colo. Dawson arkose (Ter­
tiary); 3,000 feet east of -the Douglass coal 
mine, near Sedalia, Colo. Raton formation 
(Tertiary); Apishapa Canyon, northeast of 
Abeton, Colo., collected by W. T. Lee (5689). 

Order U~BELLALES. 

Family ARALIACEAE. 

Aralia coloradensis Knowlton, n. sp. 

P1ate CVII, figure 2. 

Leaf of large size, coriaceous in texture, 
palmately strongly three ribbed from the very 
base of the blade, five lobed; central lobe and 
upper pair of lateral lobes long-lanceolate. in 
shape; basal pair of lobes small, apparen.tly 
lanceolate; at right angle's to the midrib; 
~argin of lobes toothed, the teeth remote, 
shallow; the three upper lobes with ten to 
twelve pairs of mainly alternate ·secondaries 
that end in the marginal teeth; midrib of lower 
pair of lobes arising from the lateral pair some 
distance above the base of the blade; nervilles 
strong, mainly percurrent. · 

The leaf figrired, the only one noted in the 
collections, was about 20 centimeters in length 
and 16 to 18 centimeters broad between the 
points of the large lateral lobes. The central 
lobe is largest, being fully 12· centimeters long 
and about 55 centimeters broad at base. The 
lateral lobes were apparently about 10 centi­
meters long and 4.5 centimeters broad at b~se. 
The basal lobes are too fragm9ntary to give 
reliable measurements. 

It is with some hesitation that this is de­
scribed as new, but it is so broken that it is 
somewhat hazardous to identify it positively 
with any described species, ·and it is left to the 
future to secure more material and settle its 
status. It is undoul;>teclly most closely related 
to Aralia notata Lesquereux,t- from the Fort · 
Union and Denver formations, from which it 
differs in having the lobes relatively longer, 

1 Tho Tertiary flora: U. S. Geol. Survey Terr. Rept., vol. 7, p. 237, 
pl. 39, figs. 2-4, 1878. 

lanceolate and acute, and the margins toothed. 
The secondaries are also fewer and craspedo­
dromes in. termination. 

This species is also simil~r to what N ewbe~y 
has describ~d under the name of Platanus 
nobilis 2 from the Fort Union· formation but 
which is thought by some to be the same as 
Aralia notata Lesquereux. According to Les­
quereux, however, there are characters which 
separate them. The form under consideration 
differs from P. nobilis ·in its longer, regularly 
narrowed lobes and fewer secondaries. 

It is to be confessed that the present species 
does not differ very greatly from either of the 
above-mentioned forms and that a series of 
specimens may well show that it belongs to one 

·or the other, l;>ut until this can be proved it 
seems best to keep theni separate. 

Occurrence: Raton· formation (Tertiary); 
Riley Canyon, near ·cokedale, Colo., collected . 
by W~ T. Lee .(5700). 

Aralia? serrata Knowlton, n. sp. 

Plate CVIII, figure 4. 

Leaf large, coriaceous in texture, obtusely 
wedge shaped at. base,- strop.gly three ribbed 
arid three lobed; middle lope smallest, lanceo­
late, lateral lobes' htrge-lanceolate, apparently 
acute; margin entire· at base, then coarsely 
toothed, the teeth very sharp, slightly upward 
pointing; lateral lobes .. with a dozen or mo.re · 
secondaries on the lower sid~ of the thick mid­
rib, fewer on the upper side; secondaries in 
middle lobe apparently about ten or ·twelve, 
somewhat curving upward; nervilles numerous, 
percurre~t. . 

This species is represented by the single ex­
ample figured. It is considerably broken, but 
so far as can be made out its length was about 
20 centimeters mid its width about 12 to. 15 
·centimeters. The lateral lobes were about 8 
to 9 centim~ters long and about 5 centimeters 
wide at base. 

It is with hesitation that this is described as 
new, as it is represented by a single specimen 
only and is moreover in association with the 
preceding species (A. coloradensis), from which 
it seems to differ in being wedge shaped at base · 
and plainly three lobed instead of_ five lobed. 
The marginal teeth are also much stronger in 
the present form. -

. . 
2 Newberry, J. S., 'l'hc later extinct floras 'of North A-merica: U .. S. 

Geol. Survey Mon. 35, p. 106, pl. 34, 1898. 
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Aralia coloradensis is distinctly .aralioid in 
appearance, particularly in the. manner of 
branching of the lateral ribs,· and A. serrata is· 
<Jecidedly more platanoid. It is more wedge 
shaped at base, lacks the branches on the 
lateral ribs and has large, Platanus-like teeth. 
It is quite possible that the specimens should 
be referred to Platanus, but in· the absence of 
sufficient material to determine its range in 
variation it is thought best to retain them 
under Aralia. 

Occurrence: .Raton formation (Tertiary); 
Riley Canyon, near Cokedale, Colo., collected 
by W. T. Lee (5700); Vermefo Valley near the 
mouth of Salyers Creek, N.Mex. (582.6). 

Family CORNACEAE. 

Cornus neomexicana Knowlton, n. sp. 

Plate CIX, figure 1. 

Lea.ves of m.edium size, firm in texture, el).ip­
tical in outline, broadest at or near the middle, 
thence rounded in about the same manner to 
both base and apex, the latte~ in particular 
being obtuse; midriq very strong, ·especially 
below, perfectly straight; secondaries numerous 
(ten or eleven pairs), close, parallel, mainly 
alternate, considerably curved upward, the 
upper pair curving in and joi~ing the midrib; 
nervilles apparently numerous, close, mainly 
unbroken and approximately at right angles to 
the secondaries. 

This species is represen-ted by sever~l exam­
ples, one of the ~est being the one here figured. 
It is a little over 12 centimeters long and 7 

· ·centimeters wide. Another specime:q (not fig-· 
ured) was probably about 14 centimeters long 
.and 6.5 centimeters wide. and has 1.75 centi.­
meters of the petiole preserved. 

The moderate size of these leaves combined 
_·with the regularly elliptical outline, obtuse 
.apex, inarched upper secondaries, and regular 
mainly simple nervilles all indic·ate with rela­
tively little question that they are correctly 
referred to the genus Oornus. 

Among_ fossil species, at least those from this 
·country, Oornus neomexicana, approaches most 
.Closely to 0. impressa Lesq.uereux 1 from the 
Denver formation; in fact, it is perhaps doubt­

secondary· nervation, the difference being 
mainly one of size. Thus 0. impressa is about 
7 centimeters long and 4.5 centimet~rs broad, 
and 0. neomexicana is 12 to 14 centimeters long 
and 6.5 to 7 centimeters broad. Oornus neo­
me~icana, however, has a greater number of 
secondaries, as might perhaps be ,expected 
from its larger size. Its nervilles are slightly 
different, being nearly at right angles to the 
secondaries instead of markedly oblique to 
them, as in 0. impressa. 

Oornus impressa is rather rare. It was de­
scribed from a single specimen coming from 
Mount Bross, Middle . Park, · Colo. Another 
specimen from. Golden that undoubtedly be­
longs to ~t, was described by Ward under the 
name of 0. emmonsi,2 and an additional one 
was found in the later collections from Golden. 
· In size and shape this species is much like 
one of the leaves formerly referred to },fagnolia 
tenuinervis Lesquereux 3 and· now named Mag­
nolia? inquirenda (p. 312), which; however, 
differs from it in having fewer, ·more irregu­
Jarly spaced, and ·often. forked secondaries, 
none of which curve in and 'join the midrib, as 
the upper ones do in 0. impressa. 

Occurrence: Raton formation (Tertiary); 
V ermej o Valley near the mouth of Sal ye:r;s Creek, 
N.Mex. (sec .. 36, T. 30 N., R. 19 E.), collected 
by W. T. Lee· (5826). · 

Cornus studeri? Heer. 

Plate CIX, figure 2. 

Cornus studen:? Heer. Lesquereux, U. S. Geol. Survey 
. Terr. Rept., vol. 7 (Tertiary flora), p. 244, pl. 42, 
figs. 4, 5, 1878. 

B~rry, U. S. Geol. Survey Prof. Paper 91, p. 331, pl. 
68, fig. 3, 1916. 

The status of Oornus studeri, as then under­
stood,. was fully set forth by me in· 1900.4 

Although the species was then accepted for 
both the Denver formation at Gol~en, Colo., 
and for the Montana group at Point of Rocks, 
Wy~., it was pointed out that there were recog­
nizable differences between them, and the 
opinion was expressed that ultimately they 
should probably be separated; furthermore, 
their reference to the genus Oornus was en-

··fui if they should be held distinct. The . two 2 Ward, L. F., Synopsis of the flora of the Laramie group:. u.s. Gaol. 
. Survey Sixth Ann. Rept., p. 553, pl. '48, fig. 2, 1886. 

are of exactly the same shape and type of a The Tertiary flora: U. S. Geol. Survey Terr. Rept., vol. 7, pl. 45, 
. fig. 5, 1878. . . . 

1 The Tertiary flora: U. 8. Geol. Survey Terr. Rapt., vol. 7, p. 243, 
.Pl. 42, fig. 3, 1878. • . 

• Knowlton, F. H., Flora of the Montana formation: U.S. Geol. Survey 
Bull. 163, p. 68, 1900 •. 



.. 

FLORA OF THE RATON FORMATION, 343 

larged upon. Material examined in recent 
years makes it more than probable that the 
leaves from the two localities should be held 
as distinct, but a complete revision will not b'e 
attempted at this time. There can be no 
doubt, however, that the specin1en ·in hand is 
identical with the figure of Oornus studeri given 
by Lesquereux from Golden, Colo., and the 
question of its identity with the European 
types is left for future work when· the Denver 
flora comes to be finally revised. The possi­
bility of all being referred tb Ficus is also to be 
considered. 

Occ~rrence: Denver formation (Tertiary); 
types, Golden, Colo. R~ton formation (Ter­
tiary), 5 n1iles a hove Aguilar, Colo., collected 
by G. B. Richardson's party (5046). 

Nyssa lanceolata Lesquereux. 

Plate CVIII, figure 1; Plate CXIII, figure 2. 

Nyssa lanceolata Lesquereux, U. S. Geol. Surve; Terr. 
Ann. Rept., 1872, p. 407, 1873; U. S. Geol. Survey 
Terr. Rept., vol. 7 (Tertiary flora), p. 245; pl. 35 
fig. 6 [not fig. 5], 1878. ' 

Knowlton, U. S. Geol. Survey Bull. 105, p. 56, 18~)9. 

Nyssa? racemosa Knowlton. 

Sabalites fructije:r ·Lesquereux, .U. S. Gecil. .Survey Terr. 
Rept., vol. 7 (Tertiary flora), p. 114, pl. 11, fig. 3a 
and fruit on fig. 3, 1878. 

Nyssa? racemosa Knowlton, U. S. Geol. Survey Bull. 152, 
p. 153, 1898. . 

Fruits in a compound raceme, the rachis or 
axis being very thick and strong; 'individual 
fruits 10 to 16 millimeters long, 4 to 7 milli­
meters in diameter, erect,. short pediceled, ob­
long, acute at both ends or sometimes some­
what rounded, provided with probably 12 or 
15 faint long~tudinal striae or ribs and very 
numerous dehcate trap_sverse striae. . 

These fruits were first detected by Lesque­
reux. "He assumed, because they were found 
on the . same piece of matrix as a palm leaf, 
that "they belonged together. The type speci­
J?len upon which this determination is based is 
.fortunately preserved in the United States 
National Museum under the ·name of Sabalites 
j'f'Uctifer. A glance at it, or indeed at the well-
executed· figure, shows at once that there is no 
organic connection between .them but simply 
close ~ssociation~ T~e name, therefore, was 
retained for the palm an4 the fruits given a new 

The type locality of this species is supposed to designation. The part figured by Lesquereux 
have been "Spring Canyon, Mont." (=Meadow consists of the upper portion of·a raceme with 
Creek, 12 miles· southeast of Bo.zeman, Gal- three characteristic fruits attached. · 
latin County), in beds presumeCl to belonO' to The single detached fr.~it described· by Les­
the L~vingston formation, but the type s;eci- quereux as Oarpites oviformis

1 
fron1 the Denver 

men IS lost and no additional material has ,formation at Golden, Oolo., may possibly be­
since been obtained in- this area. The species long to this species, but as the evidence is not 
has also been reported from the Denver fonna- con~lusive it is retained as indicated by its 
tion of Golden, Colo., and specimens in the describer. . 
collection of the United States National Mu- It is with much uncertainty and reserve that 
seun1 bear out the report. these fruits and those from near Raton are 

'!"he first specimen referred to this species :efe~ed to the genu~ Nyssa, for t.his, ~f course, 
(Pl. C~III,. fig. 2) agrees well with the type 1mphes a more· or less close relatiOnship to the 
figure 1n s1ze, shape, and general character ·liv~ng Nyssa, and it has been done mainly on 
of the nervation but differs from it in the account of their undoubted resemblance to 
slightly n:iore acute divergence of its lower certain fossil·f~uits ·that have been so desig­
secondaries. The other specimen (Pl. CVIII ~a~ed. I have soug~t long and widely among 

, fig. 1) is slightly more wedge shaped at bas~ hv1ng plants for evidences of close affinity 
but does not markedly differ from the first. but having failed I have been forced to refe; 

Occurrence: Raton formation (Tertiary); them to "the fossil forms which they most ·re­
canyon west of Mayne, Colo~, about 300 feet semble, hoping that in the future someone may 
above the base of the Raton formation, col- be able to interpret them more correctly. 
lected by W. T. Lee (5683); Purgatoire Canyon . The fossil ~pecies with which they are pos~ 
at mouth of Riley Canyon, Colo., collected by· s1bly related Is Nyssa arctica Heer,Z from the· 
W. T. Lee. (5704). Livingston .formation~ 1 The Tertiary flora: u.s. Geol. Survey Terr. Rept., vol .. 7, pl. 30, 

(Tertiary); Spring Canyon, Mont. fig. 6a, 1878. · · 
2 Flora fossilis arctica, vol. 4, p. 80, pl. 19, figs. 1-10, 1877. 
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Miocene or Eocene of Cape Lyell, "Spitzbergen, to the :very l~ng narrowly wedge-shaped base, 
which differs fron1 tp.em In beihg much larger and above to the acuminate apex; margin per:. 
(17 to ·21 millimeters long and 8 to 11 milli- fectly entire; petiole exceedingly stout; midrib 
meters wide) and in. having more numerous remarkably thick below but becoming in the 
and much more prominent longitudinal" striae upper half of the leaf very much thinner; sec:­
or ribs; the transverse striae are of about the ondaries about. eight or nine pairs, alternate, 
same character in both, There is no evidence at an acute angle, running up for long distances 
that N. arctica had the fruits arranged in. a nearly straight, then _slightly curved upward 
compound raceme although several are figured· and camptodrome; finer nervation not ob-
as having two fruits sessile on the top of a served. · 
short pedicel, much as in the )llodern Nyssa._ This fine species· is represented by several 
Some -of the elongated fruits of Nyssidium specimens of which two representing the ex­
ekmani Heer 1 from Cape Staratschin; Spitz- tremes in size are figured. Of, these- the larger 
bergen, are also similar to N. racemosa, from is 20 centimeters in length and 4 centimeters in 
which they differ_ mainly in being smaller and width at a point a little above the middle; the 
apparently without transverse-striae. Anum- srriaUer is about 16 centimeters long and little 
ber of other fruits are described by Heer from l~ss th'an. 3 centimeters wide near the middle. 
the same locality under the name of Nyssidium, The petiole was apparently very short. and. thick 
but though all of these resemqle in a general and passes without diminution of size into the 
way the fruits of Nyssa? racemosa none of them blade, where it continues for nearly half the 
rese~ble it very closely. length of the blade as one of the most extra-

The fruits of the living species of Nyssa, it ordinarily thickened midribs observed in so 
.. must be confessed, are considerably unlike the narrow a -leaf_. 
·fossil forms and probably are not closely re- Although there may perhaps be a question 
· lated to them. However, as stated above, the as· to the advisability of referring these leaves· 
specimens have only p,rovisionally been placed _to the genus Andr:omeda, there can be no rea­
in this genus. _ sonable doubt, 1 think, as to their being .con-

The fruits from near Ra;ton agree with the generic ·with certain similar leaves that have 
type specimens perfectly in general character been so referred. Thus~ what Lesque.reux 2 has 
and appearance but are slightly smaller than identified as "Andromeda pfa.ffiand Heer, from 
most specimens from the. type locality though · the Dakota sandstone of Kansas, is wholly 
not smaller than a few of them. One of these . similar to A. lanc'eolata in general appearance, 
Raton ~pecimensis covered with a coaly layer though it differs 1n size and to a lesser degree 
about 2 millimeters thick, .thus apparently in shape. Similarly, Andromedaflexuosa New­
showing that_ a thick flesh covered the hard berry,3 from the_Raritan formation of New Jer­
" stone.'' The · transverse lines show v~ry . sey, is of the same general type but differs in 
plainly under the coaly layer.. . several minor particulars. 

Occurrence: Denver fm;mation (Tertiary); Occurrence: Raton formation (Tertiary); 
type, Golden, Colo. Raton formation (Ter- dump from the Turner mine, 1-t· miles north of 
tiary; near No. 5 mine, locality 85 near Wootton, Colo., collected by W. T. Lee (5714). 

Yankee, N.Mex., collected by W. T. Lee (5137). Andromeda scripta Knowlton, n. sp. 
Black Buttes coal group (regarded by the 
author· as of post-Laramie age); Black Buttes, 

.Wyo. 
Order ERICALES. 

Family E}tiCACEAE .. 

Andromeda? lanceolata Knowlton, n. sp. 

Plate CIX, figure 3; Plate OX, figure 1. 

Leaves narrow~y)anceol~te, or ahnost linear­
lanceolate, tapering from or above the middle 

i Idem; vol. 2, p. 62, pl. 15, figs. 1-7 .. · 

Plate CXII, figures 1, 2. 

·Leaves apparently rather thick, ovate in gen­
eral outline, rather abruptly rounded at base, 
acuminate at apex; ·margin perfectly entire; 
petiole short, slender; midrib slender, S'~raight; 
secondaries from six to eight. or nine pairs, 
alternate, slender, at an angle of about 45°, 

2 Lesquereux, LeQ, The flora of the Dakota group: U. S. Geol. Survey 
Mon. 17, p. 116,_pl. 18, figs. 7, 8, 1892. . . 

a Newberry, J. S., The flora of the Amboy clays: U. S. Geol. Survey 
·Mon. 26; p. 121, pl. 34, figs. 1, 5, 1895. · 



FLORA OF THE RATON. FORMATION. 345 

little curveq upward, camptodrome; nervilles 
few, at right angles to the secondaries. 

The two little leaves figured appear to belong 
to the same species. The smaller is about 7 
centimeters long and 3 centimete:rS wide, a~d · 
the larger about 9 centimeters long an~ nearly 
4 centimeters wide. They are fairly well shown 
in the figures. . . 

Occurrence: Raton formation (Tertiary); 
(fig. 1) 1 mile southwest of Rugby,· Colo., 52 
feet above mine at Wichita, 170 feet above 
Trinidad sandstone, collected by G. B. Rich­
ardson's party (5128); (fig .. 2). one-eighth inile 
northeast of Rocldand mine, locality 120, north 
side of Cucharas Canyon, near Walsenburg, 
Colo., collected by W. T. Lee (5679). 

Order GENTIANALES. 

Family OLEACEAE. 

Chionanthus mem.branaceus Knowlton, n. sp. 

Plate CVIII, figure 2. 

Leaf men1branaceous in texture, broadly 
ovate-lanceolate, obtusely· wedge shaped a·t base 

. (apex broken); margili entire,_ slightly undu­
late; petiole short, stout, midrib straight .. stro~1g 
below becoming thin above; secondaries thin, ' / about six pairs, alternate, at a low angle, camp-
todrome, curving near the borders; finer nerva-
tion not retained. · 

The single leaf figut~ is all that was observed 
of this species, and this lacks the apex and _much 
of one side. It was about 12 centimeters in 
length and 6 centimeters in width, with a petiole 
a little over 1 centimeter ~n length. 

Tllis species appears to .be rather closely re­
lated to Ohionanthus virginicus Linne; the com­
mon fringe tree of eastern North America, its 
small leaves having much the same shape and 
its primary nervation well agreeing. It also 
suggests certain species of Diospyros, such for 
instance as D. copeana Lesquereu.~/ from Elko 
station, Nev., which, however, is smaller, more 
nearly obovate in shape; and has a greater 
number. of secondaries. 

Occurrence: Raton formation (Tertiary); 
dump of Green Canyon mine, locality 119, near 
Aguilar, Colo., collected ~y W. T. Lee (5684) .. 

1 'l'ho ~L'ortlary flora: U.S. Gaol. Survey 'l'err. Rapt.; vol. 7, pl. 40, fig. 
11, 1878. 

Family APOCYNACEA~. 

Apocynophyllum lesquereuxii Ettingshausen. 

Querctts neriifolia Alexande1· Braun. Lesquei'eux, U. S. 
Geol. and Geog. Survey Terr. Ann. Rept., 1873, 
p. 413, 1874; U.S. Geol..Survey Terr. Rept., vol. 7 
(Tertiary flora), p. 150, pl. 19, fig. 5, 1878. . 

Apocynophyllurn lesqttereuxii Ettingshausen, K. Akad. 
Wiss. Wien Denkschr., vol. 47, p. 32, 1883; Ter­
tiary flora of Australia: Geol. Survey New South 
Wales Mem., Paleontology, No. 2, p. 51, 1888. 

The original of Lesquereux's figure 5 (from 
Fishers Peak, Raton l\1ountains) is preserved in 
the United States National Museu1n (No. 171). · 
It is a mere fragment as figured, but by further 
uncovering the specin1en nearly the co~plete 
apex was brought to light. It is narrowly 
lanceolate, being broadest above the. middle 
and tapering thence to the base and to 'the 
~pparently acuminate apex. It is about 12 
centimet~rs lqng and a little over 3 centimeters 
wide. It has an extremely thick midrib, but 
beyond that its nervation is ver:y obscure. In 
Lesquereux's figure the secondaries are shown 
. as numerous, close, parallel, and at a low angle; 
and this is probably correct, though I am not 
able fully to confirm this feature. The sec­
ondaries are extremely thin and delicate. 

It is of c.ourse evident to any one that it 
would be e~tremely hazardous to identify this 
fragment, particularly with the well-known 
European Quercus neriifolia; and, as Ettings­
hausen long ago pomted out, it appears, to be 
much more probably referable to Apocynophyl­
lum than to Quercus~· hence Ettingshausen's 
name is employed. 

Occurrence: Raton formation~ (Tertiary);, 
Fishers Peak, Raton Mountains, Colo., col­
lected by Leo Lesquereux. about 1871; Nor­
roan's ranch, 12 miles east of Raton, N. Mex., 
near locaiity 92, collected by W. T. Lee (5132). 

Apocynophyllum wilcoxensis ·Berry. 

Plate CIII, figur~ 3; Plate CV, figures 1, 2; Plate CVI, 
figure 1. 

Apocynophyllum wilcoxensis Berry, U. S. Geol. Survey 
Prof. Paper 91, p. 342, pl. 103, figs. 2, 3; pl.108, fig. 4, 
1916. 

Leaves thick and coriaceous in texture, 
narro~ly lanceolate in shape, more or less un­
equal sided and slightly falcate, broadest near 
the middle,· thence tapering upward to the 
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lmig slender apex and downward· to· the long, 
· narrowly wedge-shaped base; midrib very 
strong, especially below, straight; secondary 
nervation thin, delicate, more or less uneven, 

. consisting of numerous, rather close,._ parallel 
secondaries which emerge at an angle of about 
20° and run nearly straight almost to the mar­
gin, each joining the one next above, thus pro­
ducing a somewhat irregular· intermarginal 
"stitch." · 

This species is represented by ·numerous 
specimens, several of the best of which have 
peen figured. All the leaves are long, narrowly 
lanceolate, commonly more . or less unequal 
sided, and all or nearly all are ·obviously fal­
cate. The length ranges. between 16 and 20 
centimeters, with a few reaching perhaps 23 
centimeters. The width at the broadest point 
is between ·2.5. and 3.75 cent~meters. The 
difference in the width of the laminae on oppo­
site sides of the midrib is clearly sho:wn in 
several of the figures. Th~ nervation, with 
the exception.of the strong midrib, is obscure, 
and has been made out in only a few favorable· 
places.. In fact, it is so obscure that the pho-. 
tographic process ~mployed failed to repro­
duce it, except very faintly. In certain of the 
figures enough of this has been added to show 
its character, though th~ penciled .lines are of 
necessity somewhat stronger than the actuality 
on the specimens. In ·some of the larger leaves, 
that seem at first sight to be quite destitute of 

.nervation, the presence of a few secondary 
branches from the midrib can usually be 
detected. · 

Although the intramarginal vein; held to be 
characteristic of most living leaves of Euca­
lyptus, is rather obscure in the leaves under 
consideration, it is present in· effect, being 
formed by the arching of the numerous close · 
parallel secondaries some distance . inside the 
margin. In general facies these leaves strongly 
suggest the genus Eucalyptus, being obviously 
coriaceous in texture, narrowly lanceolate, 
unequal sided, and more or less strongly fal-· 
cate, _all characters that. are pr~sent in livmg 
species of this genus. ' 

Occurrence: Raton formation (Tertiary); 
(Pl. CIII, fig. 3 ;·Pl. CV, fig. 2); dump of mine 
at Primero, Colo., collected by W. T. Lee 
(5798); (Pl. CVII, fig. 1) Riley Canyon, near 
Cokedale, Colo., collected by W. T. Lee (5701); 
(Pl. OV, fig. 1), Powell Ar:r~oyo, 5 miles north of 

Trinidad, Colo., collected by J. B. Mertie for 
G.- B. Richardson (5111). Wilcox formation 
(Tertiary), ·oxford, Miss., Puryear, Tenn., and 
Naborton, La. 

Apocynophyllurn linifoliurn .K:nowlton, n. sp. 

Plate CIV, figure 3. · 

·Similar to the last but larger, being fully 24 
centimeters in length and 2.5 centimeters in 
width; very narrowly ovate-lanceolate; broad­
est below the middle, thence rather abruptly 
narrowed to the base and upward to the 
acuminate apex; -not obviously unequ~l sided 
or falcate. 'rhe midrib, though strong, is not 
·so thick as .that of the smaller leaves of A. 
leei, but the secondaries are rather strong-er and 
slightly farther apart.· !Iowever, these differ­
ences are not great and a full series of specimens 
might well demonstrate that only a· single 
species is represented. 

Occurrence: Raton. formation (Tertiary); .. 
dump of Green Canyon· mine, locality 119, 
Aguilar, Colo., collected by W. T. Lee (5684). 

Order RUBIALES. 

Family. CAPRIFOLIACEAE. 

Viburnum contorturn Lesquereux. 

Plate CVIII, figure 3. 

Viburnum contort'l.tm Lesquereux, U. S. Geol. Survey 
Terr. Ann. Rept., 1872, p. 396, 1873. 

Viburnum marginatum Lesquereux, U. S. Geol. Survey 
Terr. Rept., vol. 7 (Tertiary flora), p. 223, pl. 38, 
fig. 2 (not'fig. 3), 1878. 

Viburnum contortum _was de~cribed origi­
nally from Black Buttes, Wyo., where it was 
found in association with such well-known 
forms as Ficus planicostata and. Ficus latifolia. · 
At the time it was founded Lesquereux stated 
that it might perhaps be considered as nearly 
a variety of Viburnum marginatum (=Platanus 
marginata); and in "The Tertiary flora" he 
so considered it and merged the name of v. 
contortum in marginatuJn and placed two speci­
mens figured (the types of contortum) under 
that name. This disposition by Lesquereux 
has· been accepted until the present time, 
. though all. who have compared the figures given 
under Viburnum marginatum could hardly have 
failed to note· the marked difference between 
them,. particularly · in shape, ·the one being 
broadly o bovate with a truncate or rounded 
apex and· the other with au acuminate apex. 
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If leaves of the.contortu1n type were only found 
in direct association with the 1narginatum type, 
it might perhaps be permissible to allow them 
to remain.together, but where leaves that are 
obviously of the type of contortum are fom1d· at 
widely distant poil1ts where they are not asso­
ciated with the 1narginatum type, it seems ·best 
to regard them· as specifically distil1ct. · 

The leaf here referred ·to V. contortum, it 
will be observed, is almost exactly similar to 
Lesquereux's figure 2, the 'only difference being 
·its fewer, rather larger, teeth. 

Occurrence: Raton formatiQn (Tertiary) ; 
one-eighth mile ·northeast of Rockland mine, 
locality 120, north side of Cucharas Canyon, 
Colo., collected by W. T. Lee (5679). 

Viburnum speciosum Knowlton, n. sp. 

·Plate CXI, figures 1-5. 

Leaves of medium size for the genus; of firm 
texture, lanceolate-ovate to ovate or very. 

. slightly obovate, wedge shaped at base, simi­
lm·ly narrowed to an acuminate apex; petiole 
slender; margin entire at base and for one-third 
or more above, then coarsely few toothed, the 
teeth sharp and upward pointing; midrib 
strong, straight; secondaries five pairs, strong, 
alternate, at an acute angle, craspedodrome, 
ending in the large teeth; finer nervation not 
retained. · 

This ·species is represented by a dozen or· 
more specimens, five of which are here figured. 
They are 8 to 10 centimeters inlengtn and from 
3 to 4.5 centimeters in width; two of them have 
the petiole preserved for 1 centimeter or a 
little more. 

This species appears to be very closely 
related to Viburnum contortum Lesquereux 1 

from Black Buttes, Wyo., in beds :regarded by 
the author as post-Laramie in age, but it differs 
in ha..ving unbranched secondaries and much 
fewer and larger marginal teeth. · 

It is also similar to a leaf which has been 
ident~fied (p. 276) as Viburnum ( n problema­
ticum Knowlton, from the lower beds at Rock­
vale, Colo., but which 'is· more d~ltoid in shape 
and has numerous small marginal teeth. •' 

Occurrence: Raton formation · (Tertiary); 
Riley Canyon, near Cokedale, Colo., collected 
by W. T. Lee (5701). ' · 

1 The Tertiary florn: U.S. Geol. Survey Terr. Rept., vol. 7, pl. 38, figs. 
.2, 3, 1878. 

Viburnum magnum Knowlton, n. sp. 

Plate OX, figure 2 .. 

Leaf coriaceous in texture, broadly lanceo­
late in shape, abruptly narrowed below, appar­
ently acuminate at apex; margin dentate from 
above the base, the teeth rather large, obtuse; 

··midrib straight, strong; secondaries seven to 
~ight pairs, alternate,. at an acute angle of 
divergence, occasionally forked, especially be­
low, craspedodrome, all sec9ndaries and their 
branches entering the teeth; nervilles obscure, 
apparently percurrent and at right . angles to 
the secondaries. · 

The specimen figured is about 15 c~ntimeters · 
in·length and 5 centimeters in width, and is 
well shown in the figure. It is of the type of 
several of . the Fort Union species, such for 
instance as Vibu1·num newberryanum Ward.2 

However, it is much larger than some of the 
Jargest leaves of this species, narrower and is 
provided with coarser teeth, and its secondaries 
are fewer and somewhat less branched. · 

Occurrence: Raton formation (Tertiary); 
Wootton, Colo., 50 to 100 feet below the Woot­
ton coal, collected by W. T. Lee (5711); one­
eighth mile northeast of Rockland ini~e, lo­
cality 120, north side of Cucharas Canyon, near 
Walsenburg, Colo.,. collected by W ... T. Lee 
(5,679). 

Viburnum. woottonianum Knowlton, n. sp. 

Plate CXI, :figure 6. 

Leaf coriaoeous in texture, oblong in outline; 
about equally rounded at both base and apex, 
margin entire for low.er half or more, then. 
coarsely, sharply tootheq.; midrib very strong, 
straight; secondaries six· or seven pairs, alter­
nate, at an aoute angle of divergence, ending 
in the large teeth; nervilles numerous, close, 
parallel, at right angles to the· secondaries. 

This well-marked species is represented by 
two nearly perfect specimens, the smaller of 
which is figured, arid by a few more fragmen­
tary specimens. The figui·ed leaf is nearly· 
regularly oblong in shape, 6.5 centimeters long 
and a little more than· 3 centimeters wide; the 
unfigured specimen is about 9 centimeters long 
and 5 centimeters wide, with a petiole 1.5 cen­
timeters long. The species is peculiar in that 

2 Wnrd, L. F., Synopsis of the flora of the Laramie group: U. S. Geol • 
Survey Sixth Ann. Rept., p. 557, pl. 44, figs. 10-12, pl. 451 figs.1-3, 1886. 



348 GEOLOGY AND PALEONTOLOGY . OF RATON MESA IN COLO •. - N. MEX. 

its secondaries are at an acute angle and reach 
the margin at or above the middle of the leaf, 
at whic~ point the marginal teeth begin. In. 
-~his feature this species resembles Viburnum 
cuneatum Newberry 1 from the· Fort Union 
formation of. 'Tongue River, Mont., t>ut the 
latter differs in being; as the name i~dicates, 
markedly wedge shaped at base; otherwise the 
two are quite similar. 
· . Occurrence:· Raton formation (Tertiary); 
dump of Turner mine, 1! miles north of W oot­
ton, Colo., collected by W. T. Lee (5714). 

Viburnum lakesii Lesquereux. 

Plate OX, figures 3, 4. 

'Viburnum lalcesii Lesquereux, U. S. Geol. Smvey Terr. 
Ann. Rept., 1872, pp. 382, 401, 1873; U. S. Geol. 
and Geog. Survey Terr. Ann. Rept., 1876, p. 511, 
1878; U. S. Geol. Survey Terr. Rept., vol. 7 (Ter-· 
tiary flora),·p. 226, pl. 37, fig. 13, 1878. · 

J!awso~, .Roy. Soc. Canada Trans., 1883, pl. 4, p. 32. 

Leaf medium sized, coriaceous, rounded, 
broadly obovate in shape, distinctly trilobate, 
round-truncate to the petiole, lobes deltoid, 
oentral one slightly larger than the lateral ones; 
margin nearly or quite entir~ below, finely 
toothed above; nervation strong, palmately 
three fibbed from the base of the blade, mid­
rib stropg, straight, with. three or four pairs of 
alternate or subopposite. secondaries, some of 
which fork above .and en~ in the_ marginal 
teeth; lateral ribs at an angle of about 45° 
ending in the lateral lobes, ·with about five 
strong secondary branches on the outside, the 
_lowest with several Tertiary branches, all oras­
pedodrome; nervilles numerous, distinct, both 
brO'ken and unbroken. 

The type of this $pecies is preserved in the 
United States National Museum ·(No. 319). 
A~ show~ in Lesquereux's figure only it~ lower 
portion is preserved, but in even this fragment. 
the character of the nervation and the pres­
ence of a rounded sinus in· the upper part indj­
cates that· it is trilobate. F6rtunately, another 
speoimen, -found in. reoent collections from the 
type locality, has the upper portion preserved 
and proves it to be distinctly trilobate. It also 
appears that the upper portion is provi.ded 
with small, sharp._. upward-pointing teeth as 
described and figured for ·the lower portion. 
The seco.?daries are frequently dichotoonous in 

• 1 Newberry, J. S., ·The later extinct floras. of 'North America: U. S. 
Gaol. Survey Mon. 35, p. 130, pl. 57, fig. 2, !"898. · · 

the upper portions, th~ branches entering tho 
marginal teeth, as is normal in Viburnum. 

The species ~ppears to. be closely related to 
the. living Viburnum acerifolium Linll.e; of 
east~rn North America, especially some of the 
less strongly lobed forms. The living leaf 
differs, however,. in being generally broader 
with more prominent lobes, larger teeth, and 
·less oblique nervation. Th~ finer nervation is .. 
the .same in each. 

Viburnum lalcesi.i was thought by Lescpw­
reux to be· somewhat closely allie.d to his F. 
platanoides (now referred to Platanus), but it 
differs essentially from this in its distinctly 
trilobate form, ·ooriaceous substance, and up­
ward-pointing teeth. It is undoubtedly best 
retained in Viburnum. 

An undescribed species from the Livingston 
·formation of Montana is also closely related to 
the present species. The specimen her~ figured 
from. Morley, Colo., is absolutely identical with 
the type and with. the specimens from .Golden. 
It shows the sligh~ly trilobate upper portion 
perfectly. 

Ocourrence: Denver formation (Tertiary); 
type; South. Table Mountain, Golden, Colo. 
Raton formation (Tertiary); Morley, · Colo., 
collected by Orestes St. John (No. 345), 1897. 

INCEB.TAE .SEDIS. 

Palaeoaster inquirPnda Knowlton. n. gen~ and n. sp. 

This ·species also occurs i:I;l the Vermejo for-
mation~ (See p. 278.) . 
· Occurrence: Raton formation (Tertiary); 

·Bowen mine; locality 109, north of Trinidad, 
Colo., near base of Raton formation, collected 
by W. T. Lee (5794)~ Vermejo formation (Cre-
taceous). · · 

Carpites coffeaeformis Lesquereux. 

Carpites co.ffeafjormis Lesquerenx, U.S. Geol. Surv(ly Terr~ 
Rept., vol. 7 (Tertiary flora), p. 303, vol. 60, figs. 
6,"7, 1878. 

-In one of the collections from ·Brilliant there 
are several ova], p~culiarly grooved fruits that 
are not to be distinguished from Lesquereux's 
species, described originally from the Denver 
.formation at Golden, ·Colo. They are, if any­
thing, slightly larger, and, as Lesquereu.'\: stated, 
they very much resemble the thick,. centrally 
grooved fruits of the coffee tree, though it is 
of course not to be presumed that this resem-
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blanca is really a mark of kinship. Their true 
.affinity is, and of oourse probably"must remain, 
u.nlmown. . · 

Occurrence: Denver forma.tion (Tertiary); 
types, Golden, Colo. Raton formation (Terti­
ary); half a mile north of Bri~liant, N.Mex., 
·collected by W. T: Lee (5154) on same stone 
with many leaves of . ]fagnolia, magnifolia. 

Carpolithes ·Spinosus Newberry. 

Carpolithus spinosus NeNberry, U.S. Nat. :Mus. Proc., vol. 
. 11~ p. 511, 1888. 

Carpoz.ithes S7Jinosus Newberry, U. S. Geol. Survey Mon. 
35, p. 138, pl. 68, figs. 2, 3, 18!)8. 

Following is Newberry's original descripti~n: 
Fruit inclosed in an exocarp composed of three elliptical 

<>r lentiform segments, ftu:rowed along the middle line ·of 
the dorsum and bristling with erect, acute spines 6 to 8 
millimeters long; peduncle cylindrical, stJ:ong, 1 inch or 
more in length. · 

The type and only known specimen. of this· 
·curious fruit is preserved in a fossil-plant col­
lectioil dep·osited in the New York Botanical 
Garden. It was collected July 31, 1878, on 
the north branch .of Purgatoire River, Colo. 
(stated ·by Newberry to be in New Mexico), by 
I. C. Russell while engaged in explorations west 
of the· 100th meridian. It bears a printed 
nuinber, (3861), ·which is probably the serial 
number of the collection of this Survey. 

In the description Newberry states that the 
fruit is '' co1nposed of thr<;}e elliptical or lenti­
form segments," but a careful study of the 

type leads me to believe that there were at least 
four segments, and, as I-Iollick sugg.ests, prob­
ably five. No affinity has been suggested for 

' the anomalous plant. ' 
Occurrence: Raton formation~ (Tertiary.~); 

North Branch of Purgatoire River, Colo., col-
lected by' I. C. Russell, 1878. · 

Phyllites retusoides Knowlton, n: sp. 

Plate ~II, figure 5. 

Outline of leaf unknown, apical portiOn trun­
cate, strongly ret use; ~argin perfectly entire; 
nervation. thin, consisting of a straight midrib. 

· and at least four pairs of camptodrome second­
aries, the two upper pairs being much curved 
around and nearly or quite joining the top of 
the midrib. 

Unfortunately this leaf is so fragmentary that 
it can not be satisfactorily characterized, at 
least as regards size and general outline, and 
indeed it would hardly have been necessary to 
mention it at all were it not for :the peculiar 
configuration of its apex. It may be of course 
that the apical portion has been ·deformed by 
injury when young, but it is so regular and the 
secondaries are ·arched in such an apparently 
normal manner that it is described and figured 
·for what it is worth. If it proves to be normal 
it will make an excellent horizon marker. 

Occurrence: Raton formation (Tertiary) ; . 
railway about one-half mile north of Wootton, 
Colo., 50 to 100 feet·below the Wootton coal, 
collected by W. T. Lee (571 i). · 

.• 
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