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FORTY-THIRD CONGRESS, FIRST SESSION.

CHAPTER 455.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress
assembled, That the following sums be, and the same are hereby, appropriated, for the objects hereinafter
expressed, for the fiscal year ending June thirtieth, eighteen hundred and seventy-five, namely :

" * * * * * »

For engraving and printing the plates illustrating the report of the geographical and geological
explorations and surveys west of the one hundredth meridian, to be published in quarto form, the print-
ing and binding to be done at the Government Printing-Office, twenty-five thousand thousand.

*

» » * * * »

Approved June 23, 1874,

FORTY-THIRD CONGRESS, SECOND SESSION.

CHAPTER 76.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress
assembled, That the act entitled ¢‘An act making appropriations for sundry civil expenses of the Govern-
ment for the fiscal year ending June thirtieth, eighteen hundred and seventy-five, and for other pur-
poses,” approved June twenty-third, eighteen hundred and seventy-four, be, and the same is hereby,
amended by adding to the clause of said act relating to the engraving and printing of the plates illus-
trating the report of the geographical and geological explorations and surveys west of the one hun-
dredth meridian, the following words: and ‘‘that two thousand copies of the report shall be printed by
the Congressional Printer,” after substituting the word ‘‘dollars” in lieu of the concluding word of said
clause.

Approved February 15, 1875.

FORTY-FOURTH CONGRESS, FIRST SESSION.

¢ Mr. VANCE, of Ohio, from the Committee on Printing, reported the following resolution ; which
was read, considered, and adopted :

¢ Resolved by the House of Representatives, (ihe Senate concurring,) That the following distribution
shall be made of the reports of the United States geographical surveys west of the one hundredth
meridian, published in accordance with acts approved June 23, 1874, and February 15, 1375, as the several
volumes are issued from the Government Printing-Office, to wit: Nine hundred and fifty copies of each
to the House of Representatives, two hundred and fifty copies of each to the Senate, and eight hundred
copies of each to the War Department for its uses.”

March 29, 1876. (See Congressional Record, vol. 4, part 3, p. 2037.)

Agreed to by the Senate May 4, 1876. (See Congressional Record, vol. 4, part 3, p. 2969.)
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NOTE.

Seven volumes, accompanied by one Topographical and one Geological
Atlas, embrace reports upon Geographical Surveys of the territory of the
United States West of the One hundredth Meridian of longitude from
Greenwich, as follows:

Volume I.—Geographical Report.

Volume II.—Astronomy and Barometric Hypsometry.
Volume III.—Geology and Mineralogy.

Volume IV.—Paleontology.

Volume V.—Zoblogy.

Volume VI.—Botany.

Volume VII.—Archzeology and Ethnology.

The Topographical Atlas edition, consisting of Title-Page, Legend, and
Conventional Sign Sheets, Index, Progress and Basin Maps, and Sheets
Nos. 49, 50, 58, 59, G6, 67, 75, 76, 83, 53 (C), 61 (B), 61 (C), 61 (C,), 61
(D), 62 (A), 62 (C), 65 (D), 69 (B), 69 (D), 70 (A), 70 (C), and 77 (B) have
been issued at date of sending forward the MS. of this volume. Other
sheets, of which there are twenty-seven in various stages of completion,
will follow as rapidly as they can be prepared, engraved, and pririted.

Sheets 53 (C), 61 (B), 61 (C), 61 (D), 62 (A), 62 (C), 65 (D), 69 (B),
69 (D), 70 (A), 70 (C), and 77 (B) are projected upon a scale of 1 inch to
"4 miles, while the scale of 1 inch to 2 miles has been used for sheet 61
(C)), the latter embracing a part of the San Juan mining region ot
Southwestern Colorado. The scale of 1 inch to 1 mile has been selected
for the six-sheet map of the lake region of the Sierra Nevada encircling

Lake Tahoe; and the contour map of the Washoe Mining District, in which
1




2 NOTE.

is situated the famous Comstock Lode, drawn to a scale of 1 inch to 500 feet,
will be published to the scale of 1 inch to 1,500 feet, making a map of the
size of four regular atlas sheets.

The following Geological Maps, forming a part of those supplementing
Volume III, based upon the topographical sheets, have been published,
i. e, Title-Page, Index Sheet, Restored Outline of Lake Bonneville, Nos. 50,
59, ¥ of 58, and 4 of 66, 67, 75, 76, and 83. Other sheets are in course of
completion.

The Topographical Atlas referred to, embracing the entire area west
of the 100th meridian, will comprise 95 sheets, on a scale of 1 inch to 8
miles, numbered consecutively from 1 to 95, inclusive, while the “Geolog-
ical Atlas” will consist of the same number, using the topographical maps
a8 a base. (See Progress Map of 1878.) Upon a number of the topo-
graphical maps as a base, the classification of lands into the following divi- -
sions, (1) Agricultural with irrigatien, (2) Timber, (3) Grazing, (4) Arid
and Barren, is shown by colors. It is intended to expand this classifica-
tion to embrace the entire area, thus gathering data upon which a new legal
subdivision to settlers, to accord with presumable values as to class, may be
made, pursuant finally to the following divisions:

without irrigation.
1. Arable or agticultural %with irrigation (sufficient water being avail-
able), or drainage.

. 1. Large, ) ‘with prevailing species, as Live

2. Timber, 32. Small, % Oak, Cedar, etc.
1. Good, ) with species and quality of
2. Bad, g
4. Arid or barren, including ¢ desert lands.”

3. Pasturage or grazin
Hrage or grazing, z grasses.

5. Swamp, tide and overflowed.
6. Location of the precious and economic minerals, such as—

1. Gold, in place or placer. . 8. Tin and nickel.

2. Silver. 9. Antimony and arsenic.

3. Cinnabar. 10. Sulphur.

4. Copper. 11. Sodium, chloride and carbonate of.
h. Lead. 12. Alum and borates.

6. Tron. 13. Peats, marls, and clays.

7. Coal. ]4..Asplia]tum, petroleun.




NOTE. 3

Each full atlas sheet represents two degrees and forty-five minutes in
longitude and one degree and forty minutes in latitude (an area of from
17,000 to 18,000 square miles, or an average of 11,200,000 acres), and is
so constructed, upon a special projection, as to admit that the several sheets
may be joined to comprise entire political or other divisions.

The plan for the systematic prosecution of a detailed topographical
survey of the territory of the United States west of the one hundredth
meridian, as the main object, was submitted to the Engineer Department
by the officer in charge shortly after the return of the Expedition of 1871,
was then approved by Brig. Gen. A. A. Humphreys, Chief of Engineers,
and the Honorable the Secretary of War, and received the sanction of
Congress by a specific act approved June 10, 1872.

In addition to the astronomic, geodetic, topographical, and meteor-
-ological observations needed for the preparation and construction of the
map, such observations as are required, and are commensurate with the
present condition of development of this region, are made in the branches
of mineralogy and mining, geology, paleontology, zodlogy, botany, arche-
ology, ethnology, and philology.

The quarto reports embrace the results of the special branches of the
Survey that are completed at the date at which each is separately submitted,
while annual reports of operations of the work, accompanied by maps,
showing progress during the fiscal year, are regularly submitted to the
Chief of Engineers, and appear 4s appendixes to his Annual Reports

From the accumulation of field data, the finished topographical maps
are completed as fast as the draughting force permits, and with the neces-
sary additions, special editions showing geological formations and land clas-
sification, are issued from time to time. Neither atlas will be complete until
the whole work is finished.
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ERRATA.

Page 43, 12th line, o nit *‘s” in “‘Plateaus,” and add 87 to “lie”
Page 44. 15th line, fin ¢ before” read ¢ after.”
Page 95, 6th line frcm bottom, insert * clay” after ** Subaqueous.”
Page 103,22d line, for * Anodae” read ¢ Anodonta.”
Pages 109 and 116, middle, for ¢ San Francisco” read ¢ Colorado.”
Page 172, 6th line, for ¢ Cordillera ” vead * Basin Range.”
Page 173, middle, for ¢ New Mexico” read ** Dakota.”
Tage 180,2d line {rom bottom, for ¢ bought ™ read “ brought.”
Page 182,3d line from hottom, for ““lobe ” read ¢ to be.”
Page 239, 8th line, after ““lava,” insert ¢ (No. 4 of section).”

age 510, 2d line, for ““crust” read ¢ crest.”
Page 512, 7th line, for ¢ northward ” read ‘ westward.”



Unrrep StaTes EXGINEER OFFICE,
GEOGRAPHICAL IEXPLORATIONS AND SURVEYS,
West or THE ONE HUNDREDTH MERIDIAN,
Washington, D. C., November 11, 1874.

GENERAL: I have the honor to forward herewith reports upon geologi-
cal data gathered by parties of the survey under my charge for publication,
in accordance with the act of Congress, approved June 23, 1874. (See
Statutes at Large, Forty-third Congress, First Session, page 224.)

This volume is one of the series of six heretofore proposed for the elab-
oration of the detailed results of the survey.

The geological assistants have usually been members of the field par-
ties, organized to embrace representatives of the several branches of the
work, except during occasions incident to a divergence from the routes of
travel necessary to carry on the main or topographical branch.

The obstacles attendant upon researches amid the mountain intricacies,
rigid plateau contours, and desert-wastes encountered, have largely added
to their undertakings, while their reports will attest the manner in which
they have prosecuted the arduous duties intrusted to them.

The nature of the survey has necessarily made geological and other
scientific inquiry subsidiary to the main object of the work, which, in
view of the great area covered by the survey, consists in the determination
of positions and the delineation of the surface of the region occupied.
Hence the geologists have not had the same facilities they would have had
in parties organized especially for geological work ; but notwithstanding
these deficiencies and the difficulties they entailed, it is believed that these
reports extend and connect our geological information over a wide field,
embracing areas in several important basins of drainage of six different
States and Territories, including portions of the plateau region, and several
prominent mountain ranges heretofore conjecturally known, and will not be
without their important values and acceptable as a worthy contribution to
our geological kunowledge of the territorial domain west of the Mississippi

River.
13




14 GEOLOGY.

It is believed that the geological matter here presented, when supple-
mented, as it soon will be, by a series of geological maps and paleontologi-
cal reports, will answer all the present needs of the Government and of the
industries of these partially inhabited areas, in which, for years to come,
geological or other scientific examinations will find but few localities where
sectional industrial interests may be healthfully promoted with economy to
them or to the Government.

The time consumed in office labor, as compared with that in the field,
has been somewhat inadequate, yet the results appear in the systematic
rather than the itinerary form, which it is hoped will prove advantageous
to all the purposes to which they may be applied.

: Fossil and other geological specimens have been collected from a wide-
spread range, including many well-prospected localitics, and their number
is large.

Their examination will lead to an extended report upon the paleontology
of the arca embraced by the survey affording a large number of new forms
of the extinet fauna of that region, identifying with certainty geological
relations heretofore vague, and defining horizons newly discovered.  They
have heen placed in the hands of Prof. (0 AL White, of Bowdoin College, a
preliminary examination having been made by Prof. I, . Meck, a portion
of the results of which are incorporated herein.  The report upon these col-
leetions will form the bulk of Vol. IV of the series. This volume will also
embrace, in addition, reports, if they be submitted in time, upon the ver-
tebrate collections of 1874.

The collection of rock-specimens, especially of volcanic varieties, is
large and well worthy of special examination for additional evidence, bear
ing upon lithological characteristics.

The practical or economic features of the accompanying reports will
appeal to those interested in the mineral and agricultural industries con-
stantly advancing into these untrodden fields, and that of Dr. Loew, who
has, with patient labor, made chemical investigations and analyses in min-
eral waters, plants, soils, &e., forms an interesting feature of the volume.

Mr. G. K. Gilbert, A. M., geological assistant during three field seasons,
cohitributes more largely than any other to this volume, and besides his
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purely professional labors, has aided to give form to the work of the
geological parties.

Mr. E. E. Howell, geological assistant in the years 1872-'73, presents
his individual contribution. ' '

The report of Prof. John J. Stevenson, an assistant with the Colorado
party under Lieutenant Marshall in 1873, relates to territory somewhat
disconnected from the areas occupied by the others, and treats its subjects
in the same systematic manner.

Mr. A. R. Marvine, occupying the position of astronomical assistant in
1871, while on the march to the southward, examined areas contiguous to
his route so far as circumstances would permit.

Considering the character and scope of the results from the labors of -
the geological assistants, the comparative increase of expense attendant
upon attaching them to the several parties seems to have been justified, and
the advantages of affording opportunities for examinations in this cognate
scientific branch are made manifest.

Very respectfully, your obedient servant,
GEeo. M. WHEELER,
First Lieutenant Corps of Engineers, in Charge.
Brig. Gen. A. A, HumPHREYS,
Chief of Engineers, United States Army.

Nore.—Owing to an omission in the act making appropriation for the
publication of the survey reports, the MS. for this volume has been delayed
until this date; and meanwhile Dr. Loew has returned from the field and
prepared a report upon the mineral springs, of which specimens weré col-
lected during the field season of 1874; also a report upon the composition
of coal from different localities in New Mexico and Colorado. As both are
germane to the subject matter of his report for 1873, they have been in-
corporated therewith, not being of sufficient length to justify pﬁblication in

separate form.
Geo. M. WHEELER,
Licutenant of Engineers, in Charge.
Unirep States EncINerr OFFICE,
Washington, February 10, 1875.
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UxNiTEp STATES ENGINEER OFFICE,
GEOGRAPHICAL JEXPLORATIONS AND SURVEYS
West or THE ONE HUNDREDTH MERIDIAN,
Washington, D. C., July 4, 1874.

Sir: I have the honor to transmit my report of data gathered as a
geologist of your expeditions in the years 1871 and 1872, together with
drawings for illustrative wood-cuts. The elaboration of the material ac-
quired in the former year was begun in the winter intervening between the
two field-seasons, and I submitted to you a scheme for its embodiment in a
final report. Before this was accomplished, however, I again took the field
for the accumulation of new facts, and, upon my return, it was decided that
a single report should present the results of the two seasons’ work. In the
course of its preparation, I have found it desirable to depart widely from
the original programme; omitting some things there contemplated, and
giving especial attention to certain others, of which the importance had not,
at first, been recognized. The most noteworthy omission is that of the
itinerary, which had been designed to include the bulk of the facts, arranged
in the order of travel, leaving to other chapters only the discussion of special
topics. In the present report all the facts adduced are classified by subjects,
and general statements have been put for individual, so far as the material
would allow. The chief additions to the plan grew out of the field-work of
1872, and comprise the description of faults and folds, the chapter of the
Glacial epoch, and the discussion of hot springs in their relation to vulcan-
ism. '

I have endeavored to acknowledge, in presenting the material, the con-
tributions that have been made to it by gentlemen of the expedition and
others; but it is proper to add that these acknowledgments fall far short of
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expressing my indebtedness to the work of assistants, Messrs. A. R. Marvine
and E. E. Howell. The interlocking of our routes has brought their data
into such relation to mine, that all my more general statements are, in part,
based upon them.

Very respectfully, your obedient servant,
G. K. GILBERT.

Geological Assistant.
Lieut. Georct M. WHEELER,
United States Engineers, in Charge of
Geographical Explorations and Surveys.



CHAPTER I.

OROLOGY.

SECTION I.—THE BASIN RANGE SYSTEM.

SECTION IL—THE COLORADO PLATEAU SYSTEM.

SECTION 1II.—THE BORDER LAND BETWEEN THE RANGES AND THE PLATEAUS.
SECTION IV.—GENERAL CONSIDERATIONS.

Topographical reliefs are due to three causes—dislocation, denudation,
and eruption, giving rise, as typical forms, to ridges, tables or plateaus, and
cones. The term ‘mountains of dislocation” applies to such ridges as are
due to the re-arrangement of strata, either by bending or fracture. Moun-
tains of denudation are the remnants of undisturbed and otherwise con-
tinuous strata, that have been in part removed by erosion. While these
agencies so commonly combine with each other, that illustrations of their
separate action are rare, it is nevertheless possible to divide our field into
two great provinces, characterized severally by ridges of dislocation, and
by tables. Eruption has produced great local modification in both regions,
but more especially in the former; its phenomena will be treated in a
separate chapter. The material presented in the present chapter will be
arranged in four sections, of which the first will describe the Range System,
or province of ridges; the second, the Plateau System; the third, the border
land between the Ranges and Plateaus, and the fourth will discuss the bear-
ing of the facts on general orology.

SECTION 1.
THE BASIN RANGE SYSTEM.

The traveler who passes westward over the Pacific railway, descending
from the lofty plateaus which, on that line, occupy the traditional position of

the Rocky Mountains, passes, by a transverse canon, through the Wahsatch
21



22 GEOLOGY.

range, and enters a region that for a considerable area has peculiar charac-
teristics. Across the remaining portion of Utah, the entire State of Nevada,
and a narrow strip of California, the train winds in and out among a system
of short, narrow ranges, inferior in altitude to the Sierra Nevada and Wah-
satch Mountains, which limit the series at the west and east. These ridges
are distributed with tolerable regularity and parallelism throughout an ex-
tended area of which the northern and southern limits have not yet been
determined. Between them are valleys floored by the detritus from the
mountains, which conceals their depth and leaves to the imagination to pic-
ture the full proportions of ranges of which the crests alone are visible,
while the bases are buried beneath the débris from the summits. For such
portions of this inland region as do not find drainage to the ocean, the name
of Great Basin was given by Frémont, and it has passed into general use.
Wishing to treat of an orographic province which has its type in the Great
Basin, but is not coincident with it, I have selected for it an allied but not
identical title. The terms Basin Range System and Basin Ranges will be ap-
plied to all that system of short ridges separated by trough-like valleys which
lies west of the Plateau System, without reference to its drainage conditions.
In Utah, the basin of the Sevier River is a part of the Great Basin, but
only a small share of it falls in the province of the Basin Ranges, and
the remainder is included in the province of the Plateaus. On the other
hand, the Basin Range System extends southward in Arizona far beyond
the limit of the Great Basin.

While the ranges are locally parallel, there is considerable change of
direction in the system as a whole. On the line of the railroad the trend is
nearly north and south, varying at the east toward the northeast, and at the
west toward the northwest. Farther south there is a general deflection
toward the southeast, after passing the southern limit of Nevada, and
through the southwestern portion of Arizona, and adjacent parts of Cali-
fornia, the general trend is south 30° east. It should be understood that
the trend here intended is that of the lines of structure of upheaved ridges,
and does not refer to volcanic outflows, which are less symmetrical in ar-
rangement, and serve to obscure, upon the merely topographical map, the
almost perfect parallelism of the ridge system.
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Tho precise geographical definition of the Basin Range area is, at pres-
ent, impossible. Its longer dimension, like those of its constituent members,
is in a meridional direction, and its width, where best known, is from two
hundred and twenty-five to five hundred miles. Where crossed by the
fortieth parallel, it has been defined by King as extending from the Sierra
Nevada eastward to the Wahsatch range, which latter it includes.* South
of this line the Sierra Nevada may be regarded as its western limit, and on
the east it is bounded, with less regular outline, by the Colorado Plateau
System. The line of demarcation, after following the Wahsatch southward
to Mount Nebo, bears toward the west along the Pahvant Range to Beaver,
whence, still deflected westward, it passes to the west of the Pine Valley
Mountains and enters Arizona at the mouth of the Grand Canion of the
Colorado. From this point its course is due south for thirty miles, and then
turns southeast, touching Music Mountain, (of Lieutenant Wheeler’s map,t)
the Black Hills, near Prescott, Sierra Ancha. and Apache Mountains, be-
yond which our explorations have not followed it.} The area thus par-
tially described is narrowest in latitude 36° 20, where, from Owen’s Lake
to the Grand Wash, it measures but two hundred and twenty-five miles, and
it expands to the north and south. ‘

The ridges are composed of, first, sedimentary strata, in part unaltered,
and in part subjected to various degrees of metamorphism; second, granite
and cognate rocks; and third, volcanic rocks. The lines of structure are
in general parallel in each range to the trend of the range. The granite
occupies various positions. Often it is the nucleus of the range against
which inclined strata rest. Elsewhere it appears in dikes, traversing either
the sedimentary rocks or other granites. In a few instances it was observed
to overlie the sedimentary rocks, while in a number of localities the evi-
dence of its eruptive character is unequivocal, in others it is plainly meta-
morphie, and in by far the majority of cases it appears to have assumed its
relation to the undoubted sedimentary rocks before the upheaval of the
combination. The volcanic rocks are seen to be of more recent date, since

* Geol. Expl. Fortieth Parallel, vol. iii, p. 1.
tSee note on Music Mountain a few pages farther on.
{ For further description of fbe southern boundary of the Plateau System see chapter xix of this

volume.
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they overlie both granites and sedimentary rocks, and are found as dikes
intersecting them.

Age of the ridges.—The data to be sought for the determination of the
geological date at which a range has been uplifted, are the age of the new-
est rocks uplifted with it, and the age of the oldest rocks which rest uncon-
formably upon them. These afford the anterior and posterior limits be-
tween which is included the epoch of elevation. When these limits are ap-
proximate in point of time the determination is concise; but this can hap-
pen only when the mountain has arisen from the water or its immediate
shore, so that the conditions of sedimentation can have prevailed on its
flank just before and just after its formation. In the case of the majority
of the ranges under consideration, these limits are so widely separated in
time as to give only the most indefinite idea of the epoch of upheaval.
Throughout Southwestern Arizona the ranges consist of highly crystalline
schists, in which no fossils have been found, and against them no beds are
found to lie of greater determined age than the Quaternary gravels. A few
of them, which are adjacent to the Plateau System, are demonstrated to have
been first upheaved at some time anterior to the Carboniferous, and again at
some time subsequent to the Carboniferous. Farther north, in Southern
Nevada and adjacent portions of Utah and California, Silurian and Carbon-
iferous strata have been identified at numerous points in the upheaved
masses, and it is presumable that their principal elevation was coeval with
that of the first and chief elevation of the Wahsatch Mountains and the
Sierra Nevada, proved by Whitney and King to have occurred at the close
of the Jurassic period.* There is further evidence on the borders between
the Basin Range System and the Plateau in Utah, that disturbances acting
along the original line of Jurassic elevation have occurred later than the
Eocene Tertiary, but of the geographical limits among the Ranges of these
movements little can be predicated from the stratigraphical data now at
hand. Their distribution in the Plateau country is better understood and
will be considered in the succeeding section.

Descriptions of ridges.—By reference to the maps of the geological atlas
it will be seen that the routes followed by the geologists ran obliquely east

*Geol. Exploration, Forticth Parallel, vol. iii, p. 3.
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and west across the Range System, so as to intersect a great number of the
component ridges.* It was principally in crossing the ranges that the data
for cross-sections were acquired ; but the distant views obtained in approach-
ing and leaving them often enabled the observer to determine to what dis-
tance longitudinally on the range the phenomena of the section extended.
The study of these cross-sections, both in the field and afterward, has led
the writer to change materially his preconceived ideas in respect to the
structure of the mountains, and, that the grounds for his present opinions
may be better comprehended, the principal data upon which they depend
will be here premised by describing some of the best understood ranges.
The sections given to illustrate them do not always represent the precise
line of crossing, but were frequently sketched from profiles visible at a little
distance to one side. It will be understood that they are of merely local
application ; a change of a half mile in the choice of the line of section
would frequently very materially modify its character. So far as practicable
the vertical scale in the several sections has been made equal to the hori-
zontal, and special note has been made wherever it has been found neces-
sary to depart from this rule. With few exceptions, the sections of mountain-
ridges have been drawn on a scale of 0, OF 1 inch = 6,000 feet.

The Oquirrh range, next west of the Wahsatch, from its northern ex-
tremity to Fairfield Pass, is built of folded and fractured Paleozoic strata, rang-

* A brief definition of my route is here appended.

In 1871 it ran from Halleck Station, Nevada, west to Carlin ; north to the Bull Run Mining District ;
south to Tuscarora, Battle Mountaio, Galena, Austin, Ophir Cafion, and Belmont; southeast to Reveille
and Hyko; northeast to Pioche and return; southwest to Oasis Spring and Boundary Cafion; then, in
California, northwest and west to Palmetto and Big Pine; south to Camp Independence, Owens Lake,
and Desert Wells; east to Pilot Mountain, Saratoga Spring, and Ivanpah; north to Camp Cottonwood,
Nevada, and return ; southeast to Camp Mojave, Arizona; then, by boat and the Colorado River, to the
mouth of Diamond Creek ; then, in Arizona, south to Truxton Spring; east to Mount Floyd and Mount
Bill Williams; south to Prescott; northeast to Mount San Francisco; south and southeast to Camp
Apache; and south-southwest to Tucson.

In 1872 it ran from Salt Lake City to Bingham Cafion, Toeele, E. T. City, and return ; southwest to
Lehi, Fairfield, Lewiston, Ophir City, Faust’s and Cherry Creeks; west to Fish Spring; south to Dry
Pass ; northwest to Deep Creek ; west to Schellbourne ; sonth to Rubyville and Young’s Ranch ; east to
Dome Pass; south around Sevier Lake, and north to Deseret ; south to Beaver, via Fillmore, Black Rock
Spring, Shenandoah, and Lincoln District; southeast to Panquitch and Paria; west and north to John-
son’s, Upper Kanab, and Asay’s; west and south to Little Zion and Rockville; east to Mount Carmel;
south and west to Toquerville; southeast to Pipe Spring; south to the mouth of Kanab Creek; north
to Kanab; east to the mouth of Paria Creek, and return, (via Tenney’s;) end north to Salt Lake City
via Mount Carmel and the Sevier and Sam Pitch Valleys.
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ing from Lower Silurian to Upper Carboniferous. A few dikes of trachyte

are to be seen, but no extended eruptive masses. While our examination

F16. 1.—Section of the Oquirrh range at E. T. City. Scale, 1-72000. Base line = level of Great Salt Lake.

was too brief to unravel the structure of the range, we were
enabled to note with some confidence a system of parallel
folds, comprising two anticlinals and an intervening syn-
clinal. The general trend of the range is north and south,
and that of the axes of the folds north-northwest, so that
they traverse it obliquely. The western anticlinal termi-
nates southward near Fairfield, and crosses Ophir and Dry
Camions. The eastern has its northern end near and a little
north of Tooele, but a monoclinal uplift, confluent with its
eastern half, extends to the north end of the mountain. The
range terminates abruptly in a fault succeeded by a few
strata with a dip of 75° to 90° to the north. Lithologi-
cally the rocks of the Oquirrh comprise about 2,000 feet of
quartzite, (vitreous sandstone,) overlying 3,000 to 4,000 feet of
limestone, with intercalated sandstone toward the top. The
highest discovered fossiliferous horizon is near the base of
the quartzite, where some thin limestone seams contain Car-
boniferous fossils. The lowest horizon—observed at Ophir
City—contains Primordial trilobites. In the interval were
found numerous fossils, all referable to the Carboniferous,
and the lowest of these are separated from the Primordial by
less than 400 feet of conformable limestone strata.

The Onaqui range, next in order westward, appears from
distant views to be a simple monoclinal uplift, with consist-
ent dip to the west. It was crossed by Mr. Howell, to whose
report the reader is referred for further information in regard
to it.

See
~—
~ao T

~ao

F1G. 2.—Section of west front of Oquirrh range at Ophir City. Scale, 1-72000. Base line -= level of

Great Sa't Lake. a. Ophir City. s. Silurian, e. Carboniferons,
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The Thomas range, like the Onaqui, is a simple uplift, presenting
throughout its extent a bold escarpment to the east, while at the west its
slope is that of its strata, which dip beneath the desert. At Dugway Pass,

where we crossed it, its rocks are
calcareous, but were not found to
contain fossils. There is reason,
however, to surmise, from strati-
graphical data, that they belong to
the Silurian series. A short dis-
tance north of the pass is an out-
flow of gray trachyte, and south of
it the range is entirely buried be-
neath a similar lava. Between this
and the House range, but nearer
the former, are two low ridges par-
allel to the first, of like condition
and dip, and similarly accompa-
nied by volcanic eruptions.

In the northern portion of the
House range its strata dip to the
west and the eastern face is pre-
cipitous. The first of the sections
given was made at Fish Spring,
near the northern end of the range,
and the second two miles farther
south; the same general structure
continues for twenty miles, to Dry
Pass, where there is an abrupt
change of dip from west to east.
The third section was made at
Dome Pass, ten miles farther south,
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and represents the general character of the range for twenty miles south of
Dry Pass. But the rocks met with in going south are successively newer,
owing to a southward dip, there combined with the easterly. By reference
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to the sketch—TI"ig. 6—these peculiarities will be more readily understood. It
represents the range as it might be seen from a remote position at the west.
"The dip of the portion at the left of Dry Pass is toward the observer. At

e
aal
o0

]

Scale, 1-72000. Base line = level of Great Salt Lake. a, Sevier Lake.

F1G6. 7.—Section of Beaver Creek Range.

the right it is in the opposite direction, and a bold escarpment is
presented over the whole face. In this escarpment the most
northerly rocks (those nearest to Dry Pass) are quartzite, consti-
tuting the base of the series. These gradually descend to the
south, and finally disappear, being replaced upon the crest of the
ridge by a massive gray limestone 1,000 feet in thickness, which
constitutes the walls of Dome Cafion. The limestone is in turn
covered by a series of calcareous shales not less than 200 feet
thick, in which were found numerous trilobites, indicating the
position of the series in the Silurian system; and these are
covered by a second limestone. Finally, a second cross fault
brings the quartzite once more to the surface, and the limestone
above it is lifted, in Notch Mountain, to its greatest altitude.

The Beaver Creek range on the opposite—i. e., eastern—side

of Sevier lake, agrees with the southern portion of the House

range in dip, and presents the lower portion of the stratigraphic
series exhibited in that range. Its western base along the entire
eastern shore of the lake is of quartzite, and its crest of massive
gray and black limestones. Its strata, for the most part, maintain
their easterly dip, so as to pass beneath the gravels of the Sevier
desert; but at one point, near the sink of Beaver Creek, there is
for a short distance at its castern base a ridge with opposed dip,
presenting an escarpment toward the east, and making with the
principal mass a synclinal fold. - Farther south it is continuous
with the Picacho range, the structure of which is less simple.

In the North Star mining districts a cross-section reveals an
arrangement of strata suggesting a combined anticlinal and syn-
clinal structure. If this surmise is correct the granite would

appear to be in this case an axial rock, but at other points in the neigh-
borhood it was observed in dikes intersecting the limestones which consti-
tute the principal mass of the range, and it is noteworthy that, while the
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calcareous rocks immediately associated with the granite are highly crystal-
line marbles, without determinable stratification, they are in other localities,
not remote, so little altered as to be fossiliferous. My own observations

were too brief to suffice for the determination of the re-
lations of a system of rocks so greatly disturbed, but I
am disposed to consider the axis at the west of the range
as synclinal, and thus adopt a view held by Mr. J. E.
Clayton, who has enjoyed facilities for a more thorough
examination.

I visited the Mineral range only at the southern
end. There it consists of somewhat metamorphosed sedi-
ments—limestone at base, succeeded by quartzite, quartzose
schists, and finally, a second series of limestones. In
the upper limestones are found a few fossils, referable
probably to the Jura. This rock-system terminates ab-
ruptly a few miles from the southern end of the range,
and is replaced by a section composed almost entirely of
granite. At the Granite mining district, five miles north
of Adamsville, the section at the eastern base of the range
consists of a white crystalline marble, with traces of a
westerly dip, overlaid by granite, which extends un-
broken, so far as can be judged by the distant view, to
the summit of the range, and indeed to the opposite base.
Along the line of contact between the marble and granite
is a great vein of quartz, dipping 54° to the west. Par-
allel to it, and alternating with bands of marble, are two
somewhat similar veins, which serve to confirm the im-
pression that their direction indicates the dip, not merely
of the contact, but of the beds of limestone from which
the marble has been formed. The crest of the range
from this point nearly to its northern extremity has the

peculiar ragged outline of a granitic ridge, but at the extremity there are
reported other beds of limestone, in which the mining operations of the

Antelope district are conducted.
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The Snake range, on the borders of Utah and Nevada, is the most
easterly of the high series that intervene between the desert depressions of
Great Salt Lake at the east and the Humboldt sink at the west; it over-
looks all the ranges of Utah to the Wahsatch. Its axis, which is exposed
for nearly the whole length, consists of quartzite and limestone, with a
limited amount of crystalline schists and granite. In the neighborhood of
Clifton mining district, the most northerly point visited, rhyolitic lavas and
syenite make up a great portion of the surface, but limestone masses are
visible toward the eastern flank of the range, with eastward dip. At Uiyabi
Pass there are slight exposures of limestone and sandstone, which indicate
an anticlinal structure; but a few miles south the mountain rises rapidly in
a single mass of westward-dipping strata. These are quickly replaced upon
the crest of the ridge by granite, which constitutes the high peaks imme-
diately east of Deep Creek Valley. The western base, however, at that
point shows stratified rocks with the same dip. South of Pleasant Valley a
portion of the range, locally known as Kern Mountains, has been greatly
disturbed, and perhaps presents a reverse dip; but the interruption is only
a few miles in extent, and beyond, in the main Snake range, the westerly
dip is resumed, and continues for thirty miles, to Sacramento pass, a few
miles north of Wheeler’s Peak, the highest summit of the range. The peak
appears to be the center of a fractured quaquaversal, the rocks upon its
flanks dipping from it, not merely to the east and west, but to the north
and south. The quartzite of its crest is covered at the north by the lime-
stone of the Sacramento mining district, and at the south by heavy lime-
stone beds; the base, at least, of the series belonging to the Silurian system.
The mountain is deeply scored by cafions heading near the peak, and in the
debris brought down through these on the western side Mr. Howell found
granite boulders, but the portion of the range from which they were derived
was not visible from any of our lines of examination. In that part of the
range between the Sacramento district and the Kern Mountains, where the
structure is most regular, the principal mass of the mountain consists of
strata inclined to the west, but there are at the eastern base a few hundred
feet of rocks with opposed inclination.

The next range at the west is the Schell Creek. Where we first
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touched it, near Schellbourne, it is flooded with rhyolitic lavas, and the
structure of its sedimentary beds is not readily apparent; but both north
and south of this point they appear in great inclined masses, which present
escarpments to the east. In Ruby Hill Cafion,
quartzites are shown at the eastern base, and
these are overlaid by several thousand feet of
limestones, intersected by dikes of quartz-por-

phyry, and so far metamorphosed that their
lines of bedding are obscured. Farther south,
at White’s Peak, where the crest of the range
was climbed, the quartzites have risen so far as
to constitute the upper ridge, and display a thick-
ness, together with their associated schists, of
over 11,000 feet. This entire series, together
‘with the superimposed limestones, is tilted in
one mass to the west, and the superior and less
durable limestene beds have been so far eroded
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as to remain merely as secondary ridges or foot-
hills to the west of the quartzite. Southward,
the latter maintains its ascendency for ten or
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fifteen miles, and then gradually sinks to the \\\\ \
south, and is once more replaced by the su- AR
perior limestone. Paleontological data are by AR
no means full, but by the aid of some collec- \
tions made by Mr. J. E. Clayton, at Rubyville RN \‘
and Schellbourne, the conclusion is ventured & | g\\\iii\\\“g
that the base of the series, including the entire . T \\\\&E
quartzite series and the lower portion of the g l \t\
limestone, may be set down as Lower Silurian; ; 4
while the upper limestones are as recent as De- g é
vonian, and perhaps Carboniferous. -

The Spring Mountain range in Southern Nevada is continuous for a
great distance, and was intersected at two points. The section given was

* The symbols for limestone, &c., given with this cut, are adhered to in the other mountain sections of this chapter.
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observed just north of the pass by which the Los Angeles and Salt Lake
road crosses the range. The strata appear to be conformable throughout,
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F16. 10.—East front of Spring Mountain range at Cottonwood Creek. Scale, 1-72000. Base line = sea level.

¢, cross-stratified sandstone.

on Cottonwood Creek.

and but little altered. They are in chief part fossiliferous
limestones of Carboniferous age, but comprise several
bands of sandstone, one of which constitutes the princi-
pal escarpment toward the east. At Olcott Peak, ten
miles farther south, the rocks are almost exclusively lime-
stone; and, while they were found to contain Lower Car-
boniferous fossils, were not definitely codrdinated with
those shown in the section. An abrupt change of structure
occurs at the pass already alluded to, and, while that at
the north is tolerably uniform, so that the section given
applies for a distance of ten miles along the range, im-
mediately south of the pass the rocks have been sub-
jected to a greater amount of disturbance. Fifteen miles
farther south, near Ivanpah, the rocks are chiefly lime-
stone, of which the age was not determined, and they
present opposed dips on opposite sides of the range, the
interval being occupied by a mass of granite. The latter
rock forms a belt, intersecting the range obliquely from
northwest to southeast, and for a few miles south of Ivan-
pah constitutes the eastern face of the mountain. The
western mass of limestone, however, rises far above it,
presenting the precipitous face upon which the imagina-
tion of early prospectors read the mystic +ILD.* The
northern section of the range will be given in detail in
the chapter on the stratified rocks.

Bare Mountain stands east of the Amargosa desert,
near its northern end, and presents for a distance of ten
miles, nearly its whole extent, a bold escarpment toward

the desert. We were unable to visit it, but its entire destitution of vegeta-

*A fortuitous arrangement of stains or lichens suggests at a distance rude letters, several hund:ed
feet in height, and gave rise to a fable that early Jesuit explorers had painted a sign to guide them back
to a rich mine. Some capital has been made of the story in the prospectas of a mining company.
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tion, and the precipitous character of its face, enabled me to sketch its
structure from a distance. The accompanying diagram represents the south-
western face of the ridge, and shows the dip of the strata longitudinally,
as modified by transverse faults. The
transverse dip of the rocks is to the
northeast, or from the face represented
in the sketch. In the diagram the topo-
graphical reliefs are omitted, that they
might not be confused with the geologi-
cal features, but the contrasts of strata

and the faults are no more strongly
drawn than they appeared in nature
on the naked face of the mountain. It
was cxtremely tantalizing to see there
not less than 8,000 feet of bedded rocks
so beautifully displayed, and yet be
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" unable to examine a single stratum.
The plain upon which we stood was
composed of their débris, but its sand-
stone and limestone pebbles could not
be referred to their parent beds.

A section of the Amargosa range
was obtained at Boundary Camon. It
is there composed entirely of altered
sedimentary rocks, limestones, schists,
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and quartzites, and, so far as can be

-j1e80p usoSaewy oy Suroey ‘urejunoy ervg Jo juolj 3sm jo weadeiq—11 "O1g

seen to the north and south, its crest

is similarly constituted. A few miles
north of the point of section, however, it
is flanked both east and west by rhyo-
litic beds, and these, too, form foot-hills, I
on the east side at least, toward the south. The strata are greatly disturbed
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and dislocated, but are not arranged in systematic folds. Fractures not

only longitudinal, but transverse, divide the rock into a great number of
3ws
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comparatively small masses. The cafion, by which we descended from the
summit of the range to Death Valley, winding among these, rarely reveals
the same arrangement on its opposite walls. A very slight change in the
position of the section would affect its
details in great amount, but the confusion
of strata represented is typical of the range,
so far as it was seen. Only imperfect
fossils were found, but these sufficed, with
stratigraphical data, to connect the rock
series with Silurian beds observed farther
at the east. The Panamint range, on the

sea-level.

72000, Base line—=

opposite side of Death Valley, appeared

Scale, 1-72000. Base line

D. Death Valley. 8. Saratoga Springs.

from the distant view to be similarly con-

stituted. Another section of very different
character was obtained from the same
(Amargosa) line of upheaval, fifty miles
farther south, where the title of Funeral”
Mountains maintains. Theirextremesouth-

‘;;,: ern end at Saratoga Springs shows a sys-
é tem of hornblende rocks and slates, without
& fossils, between which and the northern
§ series no connectionwasestablished. They
< are perfectly conformable, and dip in a
3 single body to the east.

"2 The Inyo range, lying next the Sierra

Nevada, to which, in the grandeur of its
proportions, it is a fit neighbor, is too im-

F16. 13.—Section of Funeral Mountains at Saratoga Springs.

portant and complex to be characterized
from our meager data. But a single sec-
tion was obtained, and that at the com:
paratively low pass between Piper’s ranch
and Big Pine, California. At this point the range is double, so as to include
an undrained hollow—Deep Spring Valley—ten miles long and five broad,
that might contain a lake a thousand feet decp, without overflowing. Where

F1G. 14. Section of the Inyo range near Deep Spring Valley. Scale, 1




THE BASIN RANGE SYSTEM. 3D

we crossed the eastern ridge, it consists of granite, in part a protogine with
imbedded bowlders of dark, micaceous granite, and in part a syenitic granite.
Farther south, near Deep Spring, gneissic rocks were observed, associated
with the granite. In the western branch are dislocated and
somewhat altered limestones, sandstones, and slates, as shown
in the accompanying section. No fossils were found.

The axis of the Black and Colorado Mountains, in north-
western Arizona, is of granitoid rocks and highly crystalline
schists. These are in great measure concealed by extensive
eruptions of trachyte and rhyolite, which determine the bold
scenery of the range. At the north, the Colorado River inter-
sects two spurs, giving rise to Black and Bowlder canions. A
few miles farther up, by Virgin Cafon, it crosses also a spur
of the Virgin range. The materials and structures exhibited
in these three sections are very closely related ; that of Bowlder
Canon, represented in the diagram, being most clearly made
out. The nucleus there is of syenite, against which rest pli-
cated crystalline schists; and over the whole are successive
massive layers of trachyte, flanked at the east by basalt.
The syenite is remarkably homogeneous in character, and
there is nothing to indicate its origin, whether from fusion
or metamorphism; but throughout its observed contact with
the schistose rocks it is the inferior member. In Virgin Canon
no granitoid nucleus is apparent, the entire exposure being
gneissic, with a general anticlinal structure, modified by con-
siderable minor plication. The overlying lavas were seen
only in the distance; but, as judged by their habit, belong
to the group of trachytes. In Black Cafion the visible nucleus
is a tolerably homogeneous rock, resembling pegmatite, but
. probably metamorphic in its origin. It is a comparatively
inconspicuous feature, the greater part of the walls of the cafion
being composed of red, purplish, and brown trachyte, in beds of great thick-
ness, and in many places brecciated with fragments of similar character to
the matrix, as well as with bowlders of gneiss and other schistose rocks.
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In the Black Hills, north of Prescott, Arizona, a serics of crystalline

rocks similar to those of Bowlder Caiion, are overlaid by unaltered sediments
belonging to the Carboniferous series. The latter are unconformable, and

‘;ﬂ

V. Verde

A5
———

N 20°K —
Black Hills.

B.

b. Basalt.

FI1G. 16.—Section of Verde Valley. Scale,1-200000. g. Granite and schists.

A. Aubrey CIiff.

River.

appear to have been deposited after the principal upheaval of
the schistose ridge; but from a later uplift have been them-
selves somewhat tilted. The phenomena could not be very
thoroughly observed, on account of the numerous eruptions
of the trachyte and basalt in the neighborhood of the line of
section. A section obtained by Mr. Marvine at a point farther
south, and given in his report, is incomplete for the same
reason.

The axial rocks of the Toquima range were seen only in
the neighborhood of Belmont, Nevada, where they are exposed
for a distance of five to ten miles, the area being limited both
north and south by a heavy mantle of rhyolite. The com-
ponent rocks are granite and argillaceous slate, the latter
somewhat metamorphosed, but not to such an extent as to
entirely destroy its fossils, which are of Silurian forms. The
boundary between the two, crosses the range obliquely from
southeast to northwest, and is tortuous in detail. The granite
apparently intrudes in irregular bodies in the mass of the
shale, which, in a general way, rests against the granite, and
is inclined at a high angle. The shale contains some inter-
calated beds of limestone and sandstone, and has an apparent
thickness of four or five thousand feet, but there is so much
plication observable as to render it probable that some redupli-
cation has taken place. It lies to the north and east of the
granite and contains the metalliferous veins of the Philadel-
phia mining district. The granite forms the eastern face of
the mountain, from Belmont south for not less than five miles.
It was examined at few points, but appeared, while present-

ing considerable variety, to be characterized by an unusually large percent-

age of quartz, the yellow color of which imparts its hue to the general

mass. Its eruptive character is intimated, not merely by its intrusion
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between bodies of slate, but by the presence in its mass of huge bowlders
of gneiss, as well as of dissimilar granite.

The axis of the Reveille range is covered by volcanic material through-
out nearly its whole extent. So far as my own observation revealed, it is
to be seen at but two points. The first of these is at Reveille, where for a
few miles the crest and eastern face to the foot-hills are of limestone and
quartzite, so dislocated that their sequence is hard to establish, but agree-
ing in a westerly dip. Sixty miles farther south the sedimentary rocks are
again exposed, forming a simple monoclinal, with westerly dip at a high
angle, and with unusual continuity of strata along the strike.

Kast—>—

F1G. 17.—Section of Mount Worthington. Scale, 1-72000. Base line—level of
Great Salt Lake.

Worthington Mountain, in Eastern Nevada, stands by itself, is fifteen
miles long, and is remarkably acute in its cross-section. The strata are
nearly horizontal, but incline slightly to the east, and pass completely
through, so as to appear on both sides. Its northern end, according to Mr.
C. R. Ogden, who visited it, is flanked on the east by beds of rhyolite,
associated with which are the Freiberg silver mines. At the southern end
the limestones of its section are uncovered, and spring abruptly from the
talus of gravel. I can conceive of no erosion that should have left this thin
segment as the remnant of an inclined table or of a fold. Its narrowness,
its straightness, and its isolation, mark it as a mass of strata thrust upward
between two faults—strata, of which the companion parts lie beneath the
débris at its foot. Lithologically it consists principally of limestone, inter-
spersed with some sandstone, and containing abundant fossils, which are
probably referable to the Silurian. Our collections were, however, destroyed,
and the reference is made merely from memory.

The portion of the Pahranagat range, which lies north of the pass at
Logan Spring, consists of a principal and tolerably continuous mass of
strata, forming the crest of the ridge, flanked at the east by a great number
of irregularly disposed bodies, all of which have the same westerly dip, and
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are separated from each other by faults, along which the downfall has been
uniformly on the eastern side. While the trend of the main range is with

Fig. 15.—Section of the Pahranagat range at Silver Cafion. Scale, 1-72000. Base line=level of Great Salt Lake.

Q. Quartz Peak. §. Sanders Cafion.

the meridian, a line of hills, consisting of cimilar faulted
rock masses, extends northeasterly to the next general
line of upheaval, where they culminate in Iossil Butte.
These, as well as the immediate foot-hills of the range,
are composed of westerly dipping strata. At Logan
Pass, the axis of the range is hidden by rhyolitic
outflows for a few miles, and south of it the strata
re-appear in a single monoclinal with an easterly dip.
The crest of the range in the vicinity of Silver Canon
is of vitreous sandstone that overlies a limestone series
of great thickness, in the upper part of which are the
chief metalliferous veins of the Pahranagat district.
The Timpahute range lies next west of the Palra-
nagat, and is its close counterpart in point of structure.
In its northern portion the dip is westward, and a series
of ridges, en echelon, stretch northeast to the north ex-
tremity of the latter range. The main ridge, however,
is comparatively low, and is even surpassed in size by
the first parallel ridge at the east. In its southern por-
tion the rocks incline to the east, and are divided by a
series of vertical faults, the effect of which, as shown by
the diagram, is to reduplicate the several beds upon the
surface and increase the lateral extent of their outcrops.
The quartzites at the west, and the limestones at the
east, by their superior hardness, maintain parallel ridges,
while the intervening shales have been denuded so as
to form a valley within the range. Vertical faults within
these shales contain the galena veins that have been

F1G. 19.—Section of Timpahute range at the Groom mining camp. Scale, 1-72000.
Base line==level of Great Salt-Lake. Mines at M.

mined by the proprictors of Groom district  As in the Pahranagat range,
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the point at which the dip changes has been the seat of volecanic activity,
one result of which has been the uprearing of Timpahute peak, the loftiest

summit of the range.

%
€ ‘{ 7/:{/?/’/0

F16. 20.—Chart of monoclinal ridges in Southern Ne-
vada. linch=12miles. Thelongand crosslinesshow
direction of strike and dip. Inthe Timpahuterange,
a=Timpahute peak, and f=Groom mining camp., In
the Pahranagat range, e=Quartz peak, and b=Logan
pass. In the Hyko range, d=Fossil Butte.

The features exhibited by these two
ranges appear to me of great interest.
Taken with the Hyko Hills at the east,
they constitute a group most closely
related in structure. The accompany-
ing diagram (Fig. 20) represents merely
the positions and strike of the upheaved
masses. North of the dotted line @, b,
¢, all the strata dip to the west, and
their several masses are separated by
faults along which the downfall is inva-

-
~——
il TR

F16. 21.—Chart of Monoclinal ridges in Western
Utah, 1 inch=30 miles. B. Beaver Creek
range. C. Cedar range. H. House range.
0. Onaqui range. 7. Thomas range.

riably to the east. South of the dotted line the reverse is true; the dip is
eastward, and the downthrow westward. There are no folds. There are
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three main ridges, or maxima of elevation, about fifteen miles apart, and
persistent through both phases of dip. In the lines of these maxima there
are volcanic outflows, at a, b, and ¢, where the dip is 1eversed. The most
patent immediate deductions from these phenomena are that the ridges are
due to forces uniform in kind, and probably synchronous in action through
the whole group, and that the directions in which the forces acted have
horizontal components, opposite phases of which are exhibited in the areas
of opposite dip. The further conclusions that the forces were deep-seated,
that the parallel main-ridges recur with subequal interval, and that the
volcanic eruptions are associated phenomena, are suggested; but, as their
application is much broader, so, too, their demonstration depends on a greater
array of facts.

The systematic uniformity shown by this group of ridges does not stand
alone. Another illustration, and one on a grander scale, is to be found in
Western Utah. The strata of the Onaqui and Stansbury ranges, of Cedar
and McDowell Mountains, Granite Mountain, of the Thomas range, and two
small ridges west of it, and of the north part of the House range, dip to
the west. South of Dry Pass (below the dotted line in the diagram) the
case is reversed, and the continuation of the House range, the Beaver Creck
range, and a number of small ridges known as the Confusion range, show
an easterly dip.

Structure of Ridges.—In the great majority of the ranges I have just
described, and in an equally large porportion of others, in regard to which
my observations were too cursory to warrant individual mention in this
connection, the beds exhibit in cross-section but a single direction of dip.
Either (Figs. 5, 7, 9, and 13) the strata in a single body incline from the
crest to one base of the range, or (Figs. 1, 3, 4, 18, and 19) they are
divided by a system of faults, trending parallel to the range, into several
bodies, which dip in one common direction. In these cases the ranges may
be called simple and compound monoclinals.

Next in frequency are sections in which (Fig. 97) there appear at
the base of the monoclinal escarpment strata dipping in the opposite direc-
tion. )

Pure anticlinals (Figs. 2 and 15) are exceedingly rare, but in a number
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of instances greatly shattered and dislocated rock-masses assume a quasi-
anticlinal form, (Fig. 12.) Anticlinals and syneclinals ‘also ‘occur as sub-
sidiary features within some ranges, (Fig. 14.) _ '

" A few most remarkable ranges present escarpments on both faces,
(Fig. 17.) '

The labors of the Pennsylvania geologists have rendered so familiar
the structure of the Appalachians, that it has been by many accepted. as
typical of all mountains, and 4 comparison will facilitate an understanding
of the basin ranges. Indeed, I entered the field with the expectation of -
finding in the ridges of Nevada a like structure, and it was only with the
accumulation of difficulties that I reluctantly abandoned the idea. It is im-
possible, by any hypothetical denudation, to formulate the basin ranges as
‘remnants of a system of anticlinal and synclinal folds. The simple mono-
clinal may indeed be explained as the side of an anticlinal, by the harsh
assumption that the remaining parts have been removed below the level of

“the adjacent valley, but the explanation will not apply to the compound
monoclinal, (Figs. 18 and '19,) nor is the erosion conceivable that would
carve Worthington Mountain (Fig. 17) from an anticlinal.

The question, what is, then, the general structure of the basin ranges?
admits of less dogmatism; but if it cannot be completely answered, some
light, at least, may be thrown on it.

To begin with the simplest generalization, the ranges are a system;
not indeed formed at the same time, but exhibiting certain common charac-
ters, over a great area. They are parallel; they recur with some regularity
of interval; they are of moderate dimensions.

Second. The ridges of the system occupy loci of upheaval, and are not
mere residua of denudation; the valleys of the system are not valleys of
erosion, but mere intervals between lines of maximum uplift. Within the
ranges there are indeed eroded valleys, and the details of relief show the
inequality of erosion due to unequal resistance, but there is not on a grand
scale that close dependence of form on durability that must maintain were
the great features of the country carved by denuding agents. An easy
illustration of this is afforded by the southern portion of the Timpahute
Vrange, (see Fig. 19.) The range terminates near the line of section, and is
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surrounded at the east, south, and west by a gravel plain. "The valley in
the range, dué to the occurrence of soft shales between harder beds, opens
to the south, and is deepening very slowly, because it is little elevated
above the plain. If the depression occupied by the gravels of the plain
had itself been not only emptied, but excavated, it is inconceivable that
the shale in the mountain should have escaped deep erosion. Iurthermore,
ridge lines are more persistent than structures. In the same continuous
ridge are monoclinals with opposed dip, as in the Timpahute, Pahranagat,
and House ranges—=or monoclinal and anticlinal, as in the Spring Mountain
and Snake ranges. The section at Ivanpah is peculiarly in point. The
mountain there shows an axis of granite, flanked on each side by limestone,
but the trend of the anticlinal is oblique to that of the range and it quickly
runs out, the granite giving place at the north to the eastern mass of lime-
stone, which rises and, as an eastward dipping monoclinal, constitutes the
entire range, while the western limestone mass becomes, in the same man- -
ner, supreme at the south. And, finally, the character of the ridges, as
main lines of structure, is indicated by the association of volcanic phenomena,
as will appear when, in another chapter, the distribution of the lavas is
described.

Third. The movements of the strata by which ridges have been pro-
duced have been in chief part vertical along planes of fracture, and have
not involved great horizontal compression. There are some notable local
exceptions to this, but considering the prevalence of faulted monoclinals,
which demand no horizontal motion, the existence of the feature as a dis-
tinctive one need not be questioned.

Fourth. We may say, without fairly entering the field of speculation,
that the forces which have been concerned in the upheaval of the basin
ranges have been uniform in kind over large areas; that whatever may
have been their ultimate sources and directions, they have manifested them-
selves at the surface as simple agents of uplift, acting in vertical, or nearly
vertical, planes, and that their loci are below the immediate surface of the
earth’s crust. ) ’
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SECTION II.
THE COLORADO PLATEAU SYSTEM.

The province of -plateaus is characterized by a system of tabular reliefs,
consisting of strata little disturbed. What falls within our field is but a
“portion of a large area known as the Colorado Pla/tgaus or Colorado Plateau
System. It derives its name from its partial coincidence with the hydro-
graphical basin of the upper portion of the Colorado of the West, but the
two are far from identical. On one hand, the chief tributaries of the Colo-
rado—the Grand, the Green, and the San Juan—rise beyond the Plateau
region ; and, on the other, the waters of a part of the system find their way,
as the Sevier River, to the Great Basin; while the Rio Virgen, which rises
among the Plateaus, passes into the province of the Ranges before reaching
the Colorado.

The Colorado Plateaus lie between the Rocky Mountain System and
the Basin Range System at the east and west, and stretches northward to the
Uintahs. Of the political divisions, it includes Southeastern Utah, North-
eastern Arizona, and adjacent portions of Colorado and New Mexico.

The simplicity of its structure, the thoroughness of its drainage, which
rarely permits detritus to accumulate in its valleys, its barrenness, and the -
wonderful natural sections exposed inits cafions, conspire to render it indeed
“the paradise of the geologist.” There he can trace the slow lithological
mutations of strata continuously visible for hundreds of miles; can examine,
in visible contact, the strata of nearly the entire geological series, and detect
every nonconformity, however slight, and can study the simpler initiatory
phases of an embryo mountain system. . '

To the reports of Professor Marcou, who accompanied the expedition
of Lieutenant Whipple in 1853-'54, and of Dr. Newberry, the geologist of
Lieutenant Ives’s expedition in 1858, we owe our first. knowledge of the -
geology of the Plateaus. In the following year, Dr. Newberry, with Cap-
tain Macomb, traversed the i*egion east of the Upper Colorado, as far north
as the j unction of the Green and Grand ; and since 1868, Mr. J. W. Powell
has been engaged in the geological exploration of the Colorado and its west-
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ern tributaries, including the Green. The reports of these gentlemen, though
in so great an area they leave some fields untouched, will make known,
when they shall have been published, all that is most important of the Pla-’
teaus. : ‘ '
Our own explorations have pertained to the western margin of the sys-
tem, and a belt within the margin from twenty-five to one hundred and
twenty-five miles broad. 5 ‘

At the south we intersected routes of Professors Newberry and Marcou,
and at the north visited numerous fields of the labors of Mr. Powell. '

So far as our own explorations have shown, the strata composing the
tables range from the fresh-water beds considered as Eocene Tertiary to the
Tonto group, a Paleozoic series, which underlies the recognized Carbonif-
erous rocks of the Grand Cafion of the Colorado.

In the most southerly section the entire series is conformable; but at
the northwest there is evidence of a disturbance before the deposition of
the Cretaceous. - » _

The areas drained severally by the Sevier River, and by those tributa-
ries of the Colorado which rise in Southern Utah, are geologically and topo-
graphically, as well as hydrographically, somewhat distinct. The general
dip of the strata throughout both regions is at a low angle to the north.
. The main forks of the Sevier rise upon the extreme southern edge of the
Tertiary strata, and flow northward almost entirely upon them, until, pass-
ing through the Cafion range, they empty into a desert valley of the Range
System. ' ,

The tributaries of the Colorado, on the contrary, rising along the same
line, descend through the successive beds to the Grand Cafion, which trav-
erses Paleozoic rocks, and exhibit on their banks a complete section. The
country which they cross is divided into a series of great terraces, by lines
of cliffs trending east and west, facing south, and composed severally of
the harder strata of the geological series. A system of faults, having a gen-
eral north and south direction, traverses the entire region, and is a very
important element in the determination of the topography. In the Sevier
country the faults and voleanic outflows have created all the geographical
features. At the south, where the system of terraces is intersected at nearly
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right angles by that of faults, it results that the country is divided into a
great number of minortables. The lines of cliffs, determined by the occur-
rence of harder and more massive strata, are modified not only by the
intersecting faults, which have great local effect upon the rate and manner
of denudation, but by changes in the constitution of the beds which give
rise to them. Beginning with the uppermost, the principal lines are as fol-
lows :

First, the fresh-water limestones, referred to the Tertiary, form a series
of pink and white cliffs, culminating southward in two principal points, ter-
minating the two tables, for which Professor Powell proposes to use the
Indian titles, Pownsagunt and Markagunt. |

The next cliff consists of the calcareous sandstone at the top of the
Cretaceous System, and has a pale greenish-yellow color. On the head-
waters of the Kanab and Virgen it is inconspicuous, as compared with those
adjacent to it, but derives great interest from the coal it bears.

The third escarpment is made up principally of massive, ochreous and
cream-colored sandstone, referable to the Triassic system, but is capped by
a foew feet of limestone, in which are Jurassic fossils. At Steamboat Mount-
ain it unites with the red cliff below it, but on the Upper Virgen forms a
distinct line, through which the East Fork passes in the cafion below the
town of Mount Carmel. The great fault of Long Valley, to which further
allusion will be made below, here interrupts it, and it re-appears as a bluff-
overlooking Long Valley from the east. Turning abruptly near Mount
Carmel, it resumes its westerly course a few miles north of its former line
of direction, and, crossing Kanab Creek ten or twelve miles above Kanab,
continues a bold bluff in the rear of, and parallel to, the Vermilion Cliffs,
as far, at least, as Paria Creek.

The Vermilion CIliff, which comes next in order, has been further
traced, and is a conspicuous feature of the topography of the country.
The rocks which compose it are massive, cross-stratified sandstones, banded
in buff and red, but ordinarily stained superficially to a bright vermilion.
From Steamboat Mountain, near Little Zion, this cliff was traced north of
Rockville and Shunesburg, at which latter place it is cut by a cafion of the
east fork of the Virgin, and thence, southeast to Pipe Spring. At this
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point it is intersected by the same fault which deflected the Gray CLff at
Long Valley, and is itself carried northward a distance of three or four
miles, when it resumes its easterly course, past the town of Kanab and
Johnson’s Settlement, to Paria Creek, four miles above the town of Paria.
Here it turns abruptly southward, and follows for forty miles the most east-
erly fault of the Kaibab Plateau. In the southern part of this course it is
the east wall of House Rock Valley, and it terminates that valley by turn-
ing sharply to the east. At Jacob’s Pool, it swings to the northeast, and
soon reaches the mouth of the Paria, where it crosses the Colorado, and
once more assumes a southerly course. Beyond this point our explorations
did not follow it, but it was seen by Mr. Marvine upon the eastern bank of
the Colorado Chiquito, and there can be little uncertainty as to its general
course in the interval. ’

The next bench, named by Professor Powell the Shinarump Mesa, is
of minor importance, and for the most part projects but a short distance
from the base of the Vermilion Cliff. It is most strongly marked between
Virgin City and Kanab, where it forms a chocolate-colored escarpment
from 200 to 500 feet in height. From Virgin City it was traced by Mr.
Howell to a point on the Virgin River, twenty miles below the town
“of Suint George. East of Kanab it was seen, with diminishing propor
tions, as far as Navajo Wells, and it must extend nearly to the Paria in
that direction. From House Rock Spring to Jacob’s Pool the conglome-
rate which caps it is absent, and the cliff is lost, but it re-appears in the
neighborhood of Rocker Creek. Thence it holds its place to the mouth
of the Paria, and is continued as far as our view commanded south of the
Colorado. - It was noted by Mr. Marvine on the east bank of the Colorado
Chiquito. : :

Below this is the most important bench of all, capped by the upper lime-
stone’of the Carboniferous. Its extreme breadth, measured from the mouth
of Paria Creek southwestto Aubrey Valley, is one hundred and thirty miles,
and its length in a right line is more than three hundred miles. Through
it the Colorado has cut Marble Cafion, and the greater part of Grand Caion.
Upon it stand the peaks of San Francisco, Bill Williams, Floyd, Sitgreaves,
and Kendrick, and the Mogollon, the Uinkaret, the Sheavwits, and other
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volcanic mountains. South of San Franecisco }\l!
Mountain the names *“Black Mesa” and “Mogol- |
|

lon Mesa” have been indefinitely applied, and y s,
north of the Colorado, portions definitely limit- \ ;
ed have been designated by Professor Powell, | 2
the Sheavwits, Kanab, and Kaibab Plateaus. £
For the portion south of the Colorado, bordering \ % '
on that river from Diamond Creek to Paria

Creek, and limited at the east by the Shin-
arump CIliff, I shall employ the title, Colorado
Plateau ; and for the cliffs which limit it at
the south, I propose the title of Aubrey, since
the Aubrey sandstone is their most conspicu-
ous stratigraphic member. From the vicinity
of Camp Apache to the Colorado at Diamond
Creek, two hundred and forty miles, their line
is continuous, and wonderfully direct in its
general course, though, in places, deeply sinuate
in detail. Beyond the river it holds its north-
westerly course to the mouth of the Grand
Canon, and then turns north, becoming the
upper member of the double cliff caused by the
Grand Wash fault.

Finally, the Red Wall limestone, south-
west of Aubrey Valley, forms a series of low
escarpments, of which the Music Mountain, of

*OpRIO[O)) O3} JO WOUL) PUBIY) °)

Lieutenant Ives’s map, is a promontory.* They
are seen, at intervals, to Camp Apache, but are
so interrupted by the disturbances of the adja-

* A regular alternation of hard and soft strata, producing
parallel and equidistant lines across the face of the headland,
. suggested a musical staff, and led Lieutenant Ives to distinguish
it with a name. As it is not distinguished by its size, it has been
overlooked by frontiersmen, and the name caught from his map
has been applied to a conspicuous crest ten miles further west.
This later usage has been followed by Lieutenant Wheeler. ‘
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cent Basin Range System, and modified by variations in the lithologi-
cal succession on which they depend, that they have no topograplucal
contmmty

The relations of all these mesas, except the lowest, are illustrated by
the upper diagram, Fig. 22, which gives a profile and section from the
Pink Cliffs at the head of Kanab Creek, Utah, one hundred and seventy
miles, to the Black Hills, near Prescott, Arizona. The vertical scale is of -
_ necessity greatly exaggerated. In the lower sketch a portion of the same
is given with the same vertical and horizontal scale. = Two great water-
sheds are intersected by the line of the diagram. The Pink Cliff separates
the Sevier River of the Great Basin from Kanab and Paria Creeks, tributa-
ries of the Colorado. The Aubrey Cliff divides the waters of the Colorado
Chiquito from those of the Gila. '

Faults—The term * fault,” as it has been used in preceding paragraphs
has a somewhat more extended meaning than the one usually given to it,
and must be understood to include all cases in which rock-masses, once
adjacent, have been separated by vertical movement without great disturb-
ance otherwise, whether the movement produced a fracture, simple or com-
pound, or merely a flexure. In the field under considerition there are
numerous instances in which the same fault affords, in different places, exam-
ples of fracture and of flexure. The accompanying diagrams, as well as
those given below to illustrate the Sevier Valley fault, will serve to indicate
the range of variation.

a . b 14
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i“IG. 24.—Ideal sections of faults. ¢ and b, fractured faults; c,a folded fault or monoclinal fold.

In their distribution the faults are in two ways systematic. First, they
exhibit parallelism, not universal, but widely extended. Throughout the
basin of the Upper Sevier, their direction ranges from north 10° east to
north 30° east, and the faults, recurring with subequal intervals, have given
rise to the series of parallel ridges which constitute the main features of the
topography. Farther south, on the borders of Utah and Arizona, their trend
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is more nearly north and south* The second element of uniformity is in
the direction of motion along the vertical plane. With few exceptions,
throughout the region of the Upper Sevier, the eastern wall has been lifted,
(or the western dropped,) and, as ‘a concomitant feature, the strata have -
received an easterly dip. Wherever, between Salina and Panquitch, the
smantle of lava permits the inspection of the underlying strata, their escarp-
" ments are found facing the west, and their inclinations directed to the east.

" The average amount of vertical displacement in this region along the .
lines of fault is not less than 2,000 feet. Farther south it diminishes some-
what, and at the extreme southern edge of the plateau, in the neighborhood
of the San Francisco and Mogollon Mountains, the disturbances have been
slight.

A ‘ There is reason to believe that the several faults can be traced for
‘great distances. One of them, the Sevier Valley fault, it was our fortune
to examine at so many points as to be able to define its course for a dis-
tance of two hundred and twenty-five miles, without including either end.
The most northerly point at which a cross-section was obtained is the north
end of Sam Pitch Valley. Its profile there exhibits, first a simple bluff, and
then a duplex flexure involving several minor faults. With great variation
of detail, these continue along the eastern margin of Sam Pitch Valley to
Manti and Salinaf From the latter place to Glencove the convex fold is
partly removed, so that its front consists of.a bluff escarpment overlooking
a narrow fidge of highly inclined rock at its base, while the reverse fold is
“concealed beneath the detritus of the valley. From this pointto Panquitch,
‘a distance of sixty-five miles, the ridge, to which the fault gives rise, con-
tinues unbroken, but is so°completely covered with volcanic rocks that the
presence of the sedimentary cannot be predicated from direct observation.

, At Panquitch the dislocation is by a simple fracture, and this character-
maintains as far as the divide between the Sevier and Virgen, where it

. * Exceptional to the general parallelism are some. instances in which faults have forked, and their.\ -
" yranches have become quite divergent.
tSince this chapter was written, Mr. Howell has made some examinations near the town of Salina,
which lead himt to conclude that the Sevier fault terminates there, and that the fault which walls the .
Sam Pitch Valley is the prolongation of one which, southward, bears more to the east. His iuvestig&x—
tions, however, although fuller than mine, do not entirely explain the structure at Salina, and for this
reason I let my description stand, save as gunalified by this note. .

4wWs
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" changes to a flexure, and so continues to the town of Glendale; at the head

of Long Valley. Iast of Long Valley, from Glendale to Mount Carmel, it
consists in part of a simple, and in part of a complex fracture, and beyond

/ L / /5 J——————"|7

F16. 25.—Thirteen sections of the Sevier fault, in order from north to south. The localities are: a,

" north of Springtown, S8am Pitch Valley ; b, Springtown ; ¢, Ephraim City ; d, Manti; e, south of Manti,

Jf, north of Salina, Sevier Valley ; g, Glencove; k, twenty miles south 6f Panquitch; i, Upper Kanab; j.

Glendale, Long Valley ; k¥, Mount Carmel; I, near Moccasin Settlement; m, Pipe Spring, Arizona; 1.
Trachyte; 2, Tertiary ; 3, Cretaceous; 4, Jurassic ; 5, 6, and 7, Triassic ; 8, Carboniferous.

the latter place, owing to the yielding nature of the material which here
constitutes its margins, its structure is not evident, but its existence was
traced continuously to Pipe Spring, Arizona. It is this fault which occasions
the deflections in the cliff lines to which reference has already been made.
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It is to be observed, that while the several escarpments T
at the east of the dislocation are carried further north N
than at the west, this is not due to any horizontal g

displacement along the ‘line 6f fault, but merely to
the fact that the eastern portions, being lifted higher
than the western, became subject to different conditions
of denudation.

Another phase of the system involved in the
arrangement of the faults is exhibited in their symmetry
-with reference to the Kaibab Plateau. That table has
been uplifted bodily between parallel meridional faults,
and all faults west of it have a westward throw, while
the only one at the east that our exploration intersected
has an eastward throw.* This is well shown in the
accompanying section, Fig. 26, which crosses the sys-
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tem, in an easterly direction, from the Virgin range, § N g
near the mouth of the Grand Cafion of the Colorado, g |\ .
past the mouth of Paria Creek, a distance of one hun- & E §
“dred and sixty miles. The dislocations west of the Ef t:; N J
Kaibab Plateau are the southward prolongation of the -3 L:‘.E 4;/\ Q
system manifested in the Sevier Basin. Eol N
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There are some special considerations, that will e Bl R
warrant a brief individual mention of the several o ;LLtl N
. (=]
details of this section, with fuller illustration. 5 ;
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The Paria fold was visited at but one point—that
- ‘where Paria Creek enters the Colorado. The Colo-
rado here has a southwesterly course, and, at its inter-
section with the fold, passes from Triassic to Carbon-
- iferous rocks. On both sides of the river the fold
produces conspicuous topographical features. At the
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*In the Geology of the Colorado Expedition, (p. 95,) Dr. Newberry
describes a partially flexed dislocation, near Fort Wingate, N. Mex., with
a throw of 2,000 feet to the west. This, and his account (p. 93,) of an
anticlinal at Old Fort Defiance, constitute the earliest notices of any mem-
bers of the system of disturbances within the Plateau area.
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north, Paria Creek, for some miles, at leaSt, has opened a canon along
the line of fault, and removed the greater portion of the inclined strata
dovs;nl to near the base of the Trias. Itis especially noteworthy that what

of the flexed sandstone remains belongs to the lower or synclinal side of the
' fold, (see Fig. 27,) indicating that the line of erosion, if determined by the

. ’ East————)—
F16. 28.—Section of Paria fold south of the Colorado River. Secale, 1-40000. - P, Paria Creek; C,
Colorado River; 1, Trias sandstone ; 2, Shinarump conglomerate ; 3, Aubrey limestone.

fault, was due to the fracture of the sandstone along the anticlinal flexure,
and not to the channel afforded by the synclinal trough adjacent to it.
South of the river the'survival of the synclinal flexure is even more remark-
able, for it marks the limit of the denudaﬁion of the Trias for many miles,
(see Figs. 26 and 28.) The upturned sandstone beds rise higher than their
horizontal prolongation, and constitute a persistent rim or parapet along the
edge of the Triassic Plateau. It will be observed that the strata for some -
distance west of the fold are inclined to the east, and at the east are nearly
horizontal, so that they include a gentle synclinal. An equally gentle and
broad synclinal was noted by Dr. Newberry on the Colorado Chiquito, -
about one hundred miles distant, (Geology of Ives’s Expedition, p. 77,) and-
in'the line of direction, south 15° east, given by the Paria fold, and the'.
presumption is strong that the two coincide. ' .

The Kaibab Plateau was seen continuously from the Colorado Rlver
north to the neighborhood of Paria settlement, where its easterly fold inter-
sects Paria Preek At that point the fold is quite abrupt, and denudatxon
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. has left the inclined Triassic sandstone in an acute ridge, precisely similar
‘to the one which marks the Paria fold south of the Colorado. The section
(Fig. 29 a) cuts a few miles north of this, and shows the relation of the

drainage lines to the flexed Y — . ‘ : -
strata, The western fold _ 3 ’I A
. . Le 8 N
is either absent or very 8& o :
: [=] — 3 Q .
slight at this point, and B iy , o 8
the plateau is an unsym- ¥ % '
metricanticlinal. Twenty g; é’ I N}
miles further south, where i g c
the next section of the &Z & ’
plateau was obtained, it Efm \
= N
hasitstypical profile. The i i g ‘
cherty limestone at thetop 2 & ' \
of the Carboniferous is its & & \ \
. . 8 B e N
floor, and descends in un- & ,, &
b=l
ruptured folds tothe plains 55 - L N
(]
on either side, (Fig. 295.) &~ : N
. g ]E ‘
At the east the marls and <& § .
. - X o X
sandstones of the Trias & § g
o e ' =
- overlie it,and House Rock Z % o \
Valley lies- in the mo- 2 3 B \
noclinal between them. ze‘::i . : 3
Further south the valley & Z’ %@ &
grows slowly broader, and 1,2 & §

. : Bgeg| J ‘ & &y
finally opens into a broad § . * qN
plain, floored by the Car- Eo’:é‘ 8 \
boniferous, and stretching &' j \ 3

=)
to the Colorado. Ten ¥ ‘1%5 A
. « ﬁ I
miles south of the cross- § % & 3 y
5 R i
line represented in Fig. " . 3

29b, theline.of fault, on the eastern side of the plateau, forks, producmg the
general structure shown in Fig. 29 ¢. The total displacement at the same time
increases, and the folds are finally replaced by fractures near the Colorado.
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- Along Kanab Cafion, apparently the cause of its g‘eﬂeral rectilinear
course,is a simple folded fault, of about 200 feet drop. ' |

The two faults next in order I did not visit, but they have been laid

down on our map by Mr. Thompson, of the topographical

i g&; corps. On the direct line between the Hurricane fault

§ S ; and the mouth of the Grand Canion we made no survey,

N &= but, from the absence of faults along the Grand Camon

\\/; "1 {‘;, in that neighborhood, it is to be presumed that no con-

| § ¥ gsiderable dislocations are omitted trom the section.

% g At the mouth of the Grand Cafion occurs the most:

2 ES profound dislocation ‘of all. The lower wall of the ,sepa-\

Ef éﬂ rated rocks is beyond the possibility of examination; but

A ;\ T % from an inspection of the dip, as given in the accom-

;\ - 5 panying section, it will be seen that the vertical di§place—

\|/|5 & £ 2 ment cannot be ‘less than 5,000 feet, and is probably
" ;;‘:3 % twice as great. Another fault succeeds this in close

‘ > © order, and beyond it the Paleozoic strata rest against the

- uplifted crystalline rocks of the Virgin range; which

terminate in this direction the Plateau System.

A number of scattered observations of faults, Whose
precise relation to the system was not established, need
not be recorded; but I will describe in this place a
-single one, to-which I shall have future occasion to refer.
It was observed at the mouth of Diamond Creek, and
may possibly be found identical or-confluent with the

Base line—sea level.

W

Hurricane fault. It trends north 25° east, and coincides
with the course of the Colorado immediately above the
southward bend at which Diamond Creek enters, as
well, as with the- valley through which the Colorado is
here approached from the south. The observed sec-
tions all exhibit dislocation of about 600 feet, by frac-

I . .
F16. 30.—Section of the Grand Wash fanlt as exhibited by the gorges of the Colorado.

Aubrey Cliff; 1, Aubrey group; 2, Red Wall group; 3, Tonto group; 4, Archezan.

_horizontal line=river level.

v

ture, (Fig. 31.) -
The direction given to planes of fracture in the sketches of faults pre-
sented in the preceding pages are, for the most part, hypothetical. TLines
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of fracture are apt to be covered by débris, so that they cannot readily be
noted with precision, but in a number of instances, especially along the
cafions of the Colorado, I was enabled to see them perfectly revealed, and
in every such case I found their planes vertical. In the case of the folds
the vertical movement was possibly, or even probably, accompanied by some
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Fi16. 31.—(a-d.) Sections of Dlamond Creek fault: a, at the mouth of Diamond Creek ; b, ¢, and
d, at points on the Dry Cafion which join that of Diamond Creek near lts mouth. Scale, 1—72000 Base
line=sea level. D, Diamond Creek; C, Dry Cafion.
horizontal movement of the strata, resulting in a slight diminution of the
transverse diameter of the faulted region, but it is impossible, in the light
of the convertibility of folded and fractured faults, to suppose that the verti-
cal movements have been caused by lateral pressure applied to the strata in
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which they are manifested. Whatever the place and mode of the remote
cause, the immediate acts vertically and from some position beneath the
strata we are able to examine. -

The flexures of strata in the folded faults are not accompanied by
metamorphism; no lithological differences were detected between the dis-
turbed and undisturbed portions of the strata.

The amount of flexure sustained without fracture at any point we
might assume, a priori, to depend on the nature of the rocks and the rate
of movement. As a matter of fact, the most perfect arches are found in
limestones and very calcareous sandstones, but they are not abruptly bent
without partial rupture-’ Along the margins of the Kaibab Plateau, which
afford the best examples, the Upper Carboniferous limestone has a convex -
curvature of from two to three miles’ radius. In the massive sandstones
(freestones) of the Trias, I saw but a single instance of anticlinal curva-
ture—at the north end of the Kaibab Plateau—and in that the convex-
 ity, though “sufficient to demonstrate their flexibility, is very slight. In
the synchnal curves of the Paria and East Kaibab folds, the sandstone is
seamed throughout, as though it had been crushed and re-united, like the
bars of ice in Professor Tyndall’s celebrated experiments on regelation. In
the Sevier Valley fault, the rlgldlty of the Triassic sandstones appears to have
determined the fracture along Long Valley, while the overlying Cretaceous
shales were bent. In Figure 25, I have drawn what I imagine to be the re-
lation of the two beds, although it is impossible to prove it by ocular dem-
onstration. I see no reason why, regarding the phenomena as the results
of a slow-acting force, we may not suppose that in depth, as well as longi- .
tudinally, the relation and alternation of fractures and flexures will depend
on the nature and condition of the beds affected. " That we must regard the
phenomena as of slow production, no one can doubt, who considers that
they include the curvature, through an arc of fifteen -or twenty degrees, .of
a massive sandstone 1,000 feet thick.

.

RECAPITULATIO.N OF FACTS IN REGARD TO THE COLORADO PLATEAU SYSTEM.

The Colorado Plateau is subdivided in the area examined by a system
of transverse—east and west—cliffs, marking limits of successive strata.
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Tt is further subdivided by longitudinal—north and south—cliffs, pro-
duced by faults. ' | .

These faults are of great longitudinal extent, and of vertical, or nearly
vertical, throw. They are manifested indifferently by fractures and by
flexures of the visible strata. |
- They exhibit system: :

By general parallelism with subequal intervals ;.

By uniformity in direction of throw through broad areas ;

By symmetri¢al disposition about the Kaibab Plateau.

The force or forces that have produced them are hence believed to be

deep-seated, and uniform in kind and phase over large areas.

SECTION III.
 THE BORDER LAND BETWEEN THE RANGES AND THE PLATEAUS.

" Broad as is the distinction between. the two provinces we have de-
scribed, it is no easy task to define their common boundary, for ‘here, as
. everywhere in nature, there is an interlocking of characteristics along the

borders, and features regarded at first as crucial lose their significance with
the extension of observation. If we begin our examination in the latitude
of Provo, Utah, we find in the Wahsatch Mountains a perfect boundary. -
The country at the east is tabular, and composed of little disturbed strata
of Cretaceous and Tertiary deposition, beneath which are buried distrirbed
strata of greater age, and at the west are narrow mountain ridges of greatly
disturbed Pre-cretaceous strata, alternating with desert valleys. The sea in
which were accumulated the Cretaceous sediments was limited by this Great
‘Range. The topographical distinction of plateai and ridge, that arrests the
attention of every observer, is thus coupled with a great fact of geological
history, and it is easy to conceive that in mapping the plateau, we shall map
the shore of the Cretaceous sea—that the presence or absence of Cretaceous
rocks will guide us in assigning limits to the plateau at other points. If,
“however, we next examine the margin in the vicinity of Prescott, Arizona,
a new element is.introduced. The distinetion of table and ridge is equally
pronounced; but the boundary, instead of a mountain range, is the valley
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CBast ——>
aa, Pre-cretaceous rocks;

b, Post-jurassic rocks; C, Cedar Valley; L, Lake range; U, Utah Valley; 7, Wahsatch range.

F16. 32.—Generalized section. of the Cretaceous shore, near Provo, Utah. ~ Scale, 1-405600. Base line— sea-level.
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of the Rio Verde, and the same Carboniferous strata that con-
stitute the table at the northeast, re-appear, with some inclina-
tion, in the first mountain ridge. The limit of the plateau now
coincides with the limit of a greatPost-carboniferous disturbance,
that may or may not have preceded the Cretaceous period,
and has no ascertainable relation to the Cretaceous sea.

The consideration of the phenomena presented in these and
other localities, leads to the conclusion that the Plateau is not
a unit in history and origin, and that the only .criterion by
which it can be distinguished from the Range country, is the
original superficial one of table and ridge. The plateau area has
in part been longer and later submerged than adjacent regions,
and in part exempted from the action of forces that threw up
mountain ridges along its borders. It has not, however, been
entirely exempt, and, differing from the Basin Range region
only in the degree of disturbance, has not an absolute boundary.
With this preliminary understanding, we will pass in rapid
review the border land between the two provinces.

~In the statement above, that the Wahsatch marks locally ’
the shore of the Cretaceous sea, the story is but half told. The
Cretaceous and Tertiary deposits, which rest against its eastern
flank, and which have no counterpart in Utah Valley, are
many thousand feet higher than that valley. In explanation
of this, we cannot suppose for a moment that the mountain
was an impassable barrier to the ancient sea. Not only is the
local drainage of the plateau now directly across the range-“—via.
the deep gorges of Provo River and Spanish Fork—to Utah
Valley, but the ancient Wahsatch ridge terminates abruptly
southward in Mount Nebo, and leaves open communication
between Utah Valley and the Tertiary basin. The plain mean-
ing of the absence of the later strata in that valley and the
great area west of it, is that these regions were above water at.
the time of their deposition. The Wahsatch and the country
immediately east of it have been elevated, relatively to the
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adjacent portion of the Great -Basin, not less than 4,000 feet since the ,
drainage of the great Tertiary lake.

Concurrent with this general elevation, the plateau has been udged by
the formation of the system of faults described in the last
section, and the lines of these later disturbances not merely
run parallel to those of the Jurassic upheaval, but in places
actually coincide with them. The Wahsatch range affords a
case in point. South of Mount Nebo it is prolonged, with
reduced proportions, as far as Gunnison; but the constituent
strata are Tertiary instead of Paleozoic. The first- elevation
of the main range has been ascertained by King to have
occurred at the close of the Jurassic period,* and we here
find evidence that it was again lifted after the deposition of
the lacustrine strata of the Eocene. Another example is
afforded by the Pahvan range, which may, perhaps, be con-
sidered a southward extension of the Oquirrh. South of the
great bend of the Sevier River it begins to show Tertiary
(and perhaps Mesozoic) strata on its eastern flank, and near
- Holden, 'Fillmore, and Corn Creek they form the entire range,
except the western foot-hills, resting unconformably upon
Paleozoic rocks that were greatly tilted and eroded before
their deposition. Trom Fillmore south their dip is uniformly
eastward, correspondent to that exhibited in the successive
parallel ridges at the east, until, a little ‘beyond Corn Creek,
they are lost to view beneath the great lava-field of the Sevier.
The range is at this point the most westerly of the ridges
bearing Tertiary deposits, but in the vicinity of Cedar City,
where it re-appears from under the lava, the Tertiary passes
beyond it to the Iron Mountain and Pine Valley Ranges.
Throughout this region, from Mount Nebo to the ‘Arizona line,
there is a graduated mingling of characters, completely bridg-
ing over the interval from the plateaus on one side to the ranges on the
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* Geology of the Fortieth Parallel, vol. iii, p. 3.
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1In Arizona the change is more abrupt. The plateau edge is a mesa of

- Carboniferous limestone, (chiefly the Aubrey limestone, but in part the Red
Wall,) and the nearest Basin Range bears on its flanks these beds (or the
Tonto sandstone) inclined toward the plateau. The valleys between are
for the most part monoclinals, floored by the Tonto group, and contain the
headwaters of Bill Williams Fork of the Colorado, and of the Verde and
Tonto Creek, tributaries of the Salt River. The Grand Wash and the pro-

longation of the same valley 'south of the Colorado occupy a pseudo-’

monoclinal formed by one of the great north and south faults, (Fig. 30.)
About Camp Apache is an exceptional tract, drained by the upper tribu-

taries of the Salt River—the White Mountains, Carrizo, and Cibicu—be- .

longing properly tkov the plateau, but deeply scored in every direction by

cafions, resulting from local conditions of denudation, wrought by lava-

flows, an account of which is given in the report of Mr. Marvine.

In brief, we may say that, as the Basin Ranges and Plateaus defy abso- -

lute ‘definition, their common boundary must be left indefinite, and that the

Jurassic and Tertiary systems of upheaval, coinciding in character and

trend, can be locally dlscnmmated only in the presence of intervening de-
pOS1ts

S ECTION I V.
GENERAL CONSIDERATIONS

Tt remains to colligate the phenomena of the two provinces, and con-

sider their relation to the general study of orology.

We have already been led to conclude that the forces which have pro- '

duced the Basin Ranges were uniform in character over large areas, and in
horizontal direction over minor, but still considerable, areas; that they have
produced parallel ranges by nearly vertical upheaval; and that they were
- deep-seated. We have reached the same conclusions in regard to the forces
which have produced the conjoint system of faults and ridges in the Colorado
Plateau. We have also seen that the loci of the latter forces are in part

coincident with those of the former. And a single short step brings us to-
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the important conclusion that the.forces were identical, (except in time and
- distribution;) that the whole phenomena belong to one great system of
~mountain formation; of which the ranges exemplify advanced; and the
plateau faults the initial, stages. - If this be granted, as I think it must, then
it is impossible to overestimate the advantages of this field for the study of
what may be called the embryology of mountain building. In it can be
found differentiated the simplest initiatory phenomena, not obscured, but
rather exposed, by denudation, and the p_roéess can be followed from stép
to step, until the complicated results of successive dislocations and erosions
baffle analysis. The field is a broad one and its study has but begun; but
. with its progress I conceive there will accrue to the science of ofographic
geology a more valuable body of geological data than has been added since
the Messrs. Rogers developed the structure of the Appalachians. . Of late
years the most important contributions have come from the physicists, and
in their scales have been weighed the old theories of geologists. Here will
be an opportunity to compare the speculations of the physicists with new
- geological data. B o ' ‘

The Appalachian mountain systerﬂ,'as the best studied great system—
at least of those which exhibit unity of structure—has formed the geological
basis of many theoretical structures, although, as Professor Whitney has
pointed out, it is rather exceptional than typical in its character. The sys-
tem we have described resembles it in the absence of any great central axis
and in the general tendency to uniformity thfoughout, but differs widely in -
other respects. In the Appalachians corrugation has been produced com-
monly by folding, exceptionally by faulting; in the Basin Ranges, com-
‘monly by faulting, exceptionally by flexure. The regular alternation of
curved synclinals and anticlinals is contrasted with rigid bodies of inclined
strata, bounded by parallel faults. The former demand the assumption of
‘great horizontal diminution of the space covered by the disturbed strata,
and suggest lateral pressure as the immediate force concerned; the latter
involve little horizontal diminution, and suggest the application of vertical
pressure from below. Almost no eruptive rocks occur with the former;
massive eruptions and voleanoes abound among the latter, and are intimately
associated with them.



62 _ GEOLOGY.

To attempt the reconciliation of these antithetical phenomena is pre-
mature, before the characters of the Basin Ranges shall have received more
- thorough study than has been possible for us; and I do hot desire to under-
take here a discussion of theoretical orology, but I cannot forbear a brief
suggestion before leaving the subject. It is, that in the case of the
Appalachians the primary phenomena are superficial; and in that of the
Basin Ranges they are deep-seated, the superficial being secondary; that
such a force as has crowded together the strata of the Appalachians—what-
ever may have been its source—has acted in the Ranges on some portion
of the earth’s crust beneath the immediate surface; and the upper strata, by
continually adapting themselves, under gravity, to the inequalities of the -
lower, have assumed the forms we see. Such a hypothesis, assigning to
subterranean determination the position and direction of lines of uplift in -
the Range System, and leaving the character of the superficial phenomena
to depend on the character and condition of the superficial materials, accords
well with many of the observed facts, and especially with the persistence of
ridges where structures are changed. = It supposes that a ridge, created
below, and slowly upheaving the superposed strata, would find them at one
point coherent and flexible, and there produce an anticlinal; at another
hard and rigid, and there uplift a fractured monoclinal; at a third seamed
and incoherent, and there produce a pseudo-anticlinal, like that of the
Amargosa Range.
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VALLEYS. CANONS. EROSION.-

In the region of the Basin Ranges the valleys are residual; the
mountains were uplifted in parallel lines, and the intervening troughs
remained as valleys. In the typical Plateau country the reverse holds
good; the valleys have been formed by erosion, and the tables are residual.
Transporting agencies are still deepening the latter valleys, but have for a
long time been engaged in filling the former. Their general classification
thus corresponds very nearly with that of the mountains, and it will be
convenient to describe them in the same order.

" There is no evidence that the Range country has been beneath the
ocean since the close of the Jurassic period, though it is impossible to say
that the sea has not had access to some of its valleys since that time. Then
began such of its ranges as had not earlier appeared, and since then ’Ehey
have been subjected to the unceasing play of atmospheric erosive agents,
wearing away their summits, furrowing their flanks, and conveying their
substance to the intervening valleys. A part of the eroded material—
possibly the larger part—has been transported beyond the limits of the
Range System, and contributed to the Cretaceous and Tertiary sediments at
the east and west. Of the detritus that remained in the valleys, a portion
may have been spread by the waters of estuaries connected with the
‘Cretaceous sea, a portion was received by local bodies of fresh water, and
the remainder has received such subaerial distribution as is now prevalent
over the major part of the area. What may have been the original altitude
of the ranges we have no means of knowing, but there is evidence, aloﬁg
the margin of the system, that their elevation was not all accomplished at
once, and it is not impossible that progressive elevation and denudation, as
they have opposed, have also measurably counterbalanced each other.

Voleanic rocks have made important contributions to the filling of the val-
63
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Iéys, both directly by floods of lava, and indirectly by their detritus; and
they have been thrown as barriers across valleys, partitioning them off into
minor basins. In this way the valleys have become floored by detritus of

aa. Alkali flat or playa.

ab. Mountain foot-slope.

5
" F1G. 34.—General section of an undrained valley.

a. Arroyo.

ab. Foot-slope.

F16G. 35.—General section of a drained valley.

‘great and unprobed depth as universally as they are

walled by mountain‘ridges. o
Under the existing climate, many valleys and groups

- of valleys are undrained. In the most arid the meager

rain-fall sinks into the porous soil, from which it is slowly
evaporated .by permeating air. On rare occasions a
surplus of water accumulates in the lowest depression,
and there evaporates on the surface, depositing its fine
sediment and dissolved minerals, and producing a level,.
lake-like plain, the familiar ‘“alkali flat,” smooth and
hard, if mechanical sediments prevail, but often pulveru-

“lent or pasty from the presence of efflorescent or hygro-

scopic salts. In more humid basins permanent streams
are maintained, and the evaporation plain is replaced
by a lake, beneath which the fine sediments are de-
posited, and in which the soluble salts are concentrated.
The best watered regions send rivers to the ocean.

Of the undrained valleys the cross-profile is broadly
U-shaped. From the base of the mountain on either
side stretches a_long talus, or foot-slope, comparatively
steep at first, but gradually losing its inclination, and
ﬁnally' merging in the evaporation plain. From the
drained valleys the plain is absent and the foot-slopes
meet in V-form. The débris of the mountain is brought
to its margin in gorges or cafions, from the mouths of
which it is spread in broad,low talus-cones, which make

* up the foot-slope. _The stream that flows from the cafion,

whether transient or perennial, distributes the detritus

over the cone by shifting its bed from time to time as the sediments clog it.
As the cafion wears deeper at its mouth, and the stream discharges at a
lower level, the upper portion of the cone is excavated and a new one
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modeled with lower apex and lower grade. In a general way, the coarsest
‘material remains nearest the mountain, and the finer is farther removed,
‘but the sorting is very. imperfect, and heterogeneity is a characteristic of
the gravels. Where limestone abounds in the constituent pebbles, they are
commonly cemented, a little below the surface, into a firm conglomerate.
‘The principal deserts of the province are relatively depressed regions,
marked by excessive accumulations of detritus, which have so filled the
valleys as to connect them in a continuous plain, beneath which the minor
ranges are completely buried, and through which the peaks of the more lofty
jut as islands. In the Colorado desert, Mr. Blake and Dr. Newberry found
abundant evidence of the agency of lacustrine waters in the formation of
' the plaln, - and the Gila Desert, which communicates with it, is floored by a
. nearly level plain of gravel and sand, from which the insular ridges—¢1lost
mountains "-—spring with an abruptness that testifies to wave action along
their bases. No persistent mountain chain divides the latter plain from the -
" ocean, and it rises but little above the sea level. There can be little doubt
that it has been covered at some time since the creation of the mountain
system by the waters of an estuary, and that the ocean level has been the
efficient barrier to the further transportation of the detritus here accumu-
lated ; but of its chronology nothing definite is at present known.

The Great Salt Lake desert occupies a depressed portion of the Range
area, due to broad, general undulations, that have no discernible relation
to the orographic corrugation of the surface, except that they co-exist, as do
a long ground swell and the wavelets of a rising breeze. Iast and west of
the desert the ascents culminate in the Wahsatch and Humboldt Mountains.
Northward a general elevation of the ranges and intervening valleys along
parallels 43° and 43° 30’ separates the plain of the Upper Snake River.
One hundred and fifty miles farther south a similar line of ﬁplands, includ-
ing the Onaqui, Thomas, House, and other ranges, divides the Salt Lake

from the Sevier desert. The lowest part of the included depression has
_ been filled with a sea of detritus, until some of its ranges are completely
submerged and others protrude only insular buttes to- mark where they are

* Pac. R. R. Répts., vol. v, Geol. Rept by W P. Blake, p.235. Colorado Expediti;m,Geo]'. Rept., by J.
8. Newbeny,p 17.
bws . ae
o
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sunk. If these hidden mountains rise as high above their bases as do their
neighbors on the rim of the basin, we may, by comparing summits with
summits, learn something of the relative depression of the rocky bottom of
the basin below its margin; and it would appear, judged in this manner, to
be not less than 4,000 feet. And, on thé same supposition, the desert sedi-
ments, which, before burying the mountain ridges, have filled the inter-
mediate valleys, may have a maximum thickness -of 5,000 or 6,000 feet.
' Their upper surface, water-laid and smooth, is the broad floor of the desert,
from which arms stretch north and south, between the fringing mountains.
In longitude the plain measures a little over a hundred miles, and in lati-
tude a little less. Its general level is about 4,200 feet above the ocean, and
Great Salt Lake probably occupies its greatest depression, though lying
close to its eastern border. Its surface material is a fine, adhesive, abso- .
lutely sterile clay, charged with chloride of sodium and other soluble salts,
the deposit from the last expansion of the waters of the lake, an expansion
so recent that the beach-lines formed at its culmination and during its slow
subsidence are perfectly preserved on the shores of the desert. In another
chapter these phenomena will receive fuller description, and attentlon will
- be called to their relation to the glacial epoch.

The eccentric position of the lake is evidence of the novelty of the
present relation of altitudes of different portions of the plain, which is far
from an equilibrium. Nearly the whole present increment to the desert
floor comes from beyond the Wahsatch Mountains, and is deposited in the
deltas of the Jordan, Weber, and Bear rivers, on the eastern margin of the
lake. Since the lake has no outlet, but parts with its surplus by evapora-
tion, its area rather than its level tends to constancy; and, as the eastern
shore increases, the water will rise, pari passu, and encroach on the western.
The continuation of this process, if there is no counter influence, such as a
secular depression of the lake basin, will push the water, in a few thousand
years, to the western side of the desert.

The Sevier Desert is of comparatively small extent, and is less sterlle
andatid. The Sevier River runs completely across it from northeast to
southwest, and carries enough water to maintain a lake with one-tenth the
evaporation surface of Great Salt Lake. The eastern portion of the plain
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is floored with basalt, in the hollows of which are a number of fresh and -
brackish lakes. The altitude of its general surface above the ocean is 5,000

feet, and of Sevier Lake, which occupies its greatest depression, 4,600 feet.

‘The water of the lake is charged with salt, but in less degree than that of

Great Salt Lake. No living thing was seen in it save Arfemia, but the larva

cases of dipterous insects floated on the surface and lay heaped upon the

‘beach. ‘Along the storm line, too, are dead fishes and fluviatile shells, and

beaver-gnawed willows, all of which have floated from the river. The odor

of these decaying organisms, thbugh very like the “ perfume of the sea,” is

over strong, and renders the shore as repulsive as it is desolate.

A portion of the valleys of the Plateau country, and especially those of
the u;‘)per Sevier, are, like the troughs of the Range region, structural, and
lie between the monoclinal ridges produced by the system of faults described
in the last chapter; the remainder are valleys of erosion, and -include the
cafions for which the region is renowned.

The cafions of the Colorado and of its tributaries, and the country
which they intersect, are unsurpassed as a field for the study of river de-
nudation. Not merely do they exhibit the grandest and most impressive
results, but they show the agent by which they have been wrought, still in
vigorous activity; and the conditions that have guided denudation and de-
termined the resultant forms, are there so little complicated that they may
be differentiated and analyzed.

At the mouth of Paria Creek, the Colorado leaves the sandstones of the
Trias, through which it has meandered for many miles in a narrow cafion,

“emerges for a short space into full sunlight, while it crosses the marls at the
base of that formation, and then begins its descent into the Carboniferous
and underlying rocks, which wall it in through Marble and Grand Cafions.
In these gorges the river has no flood-plain. It is a well recognized: fact
in the natural history of rivers that their first work of erosion, where they
have rapid fall, is upon their beds, and that it is only when they have so
far reduced their grades as to greatly diminish their transporting and cut-
‘ting power, that they begin wearing their banks and widening their chan-
nels, so as to render flood-plains:possible. The Colorado is here devoted
to the deepening of its valley, and occupies its ‘whole width' from wall to
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wall so completely that where the shore is of massive rock it is often diffi-
cult fo find foot-hold-at the water’s edge. Were the entire wall from top to
base of durable rock the chasm would indeed be as gloomily abysmal as
it has been sometimes represented,* but there is an alternation of  hard
and soft strata, that serves to terrace the cliffs on a grand scale. " In every
 profile of the cation the positions of the hard, massive beds are marked by
precipices, and of the soft by slopes. With infinite slowness the latter are
disintegrated by the action of the weather, the former are undermined, and
the upper cliffs are caused to recede from the margin of the river. The
stream in descending through the strata is walled at its edge alternately by
cliffs and slopes, and each cliff begins its recession when the river, in deep-
ening its channel, cuts below it into the softerstrata. Where the cafions are
deepest and oldest, there they are broadest at top; and the recession of the
uppermost terrace measures the same interval of time as does the depth of
~ the cutting at the same place.

In each of the accompanying sections of the cafion the W1dths and
bdepths are given in the same scale, so as to present, as nearly as possible,
the true proportions of the chasms. In Figure 36 the cafion proper is con-
tained by the Aubrey limestone, and is a simple sluice, seven or eight hun-
dred feet deep, with vertical walls. While the river has been cutting this
narrow slot in the hard limestone, atmospheric denudation, working on the
Trias marls, and underminling the Trias sandstone, (1,) has driven back the
escarpment of the latter four miles from one brink, and still farther from
the other. So soon as the limestone is passed, and the_ gypsiferous sand-
stone of the Aubrey reached, the undermining process begins at a lower
level and the gorge opens to the form represented in Figure 37 and Plate I
At Kanab Creek, Figure 88, the Aubrey limestone has receded so far as to
be .visible from the water only at angles of the cafon, and the immediate

*The difficulty of presenting in a sketch the proper relation of vertical and horizontal spaces, in
illustration of which Humboldt’s drawings of voleanic cones have been so often quoted, is conspicuousty
exhibited in the representations of the Grand Cafion, given in Plates VI and IX of Lieutenant Ives’ Col-
orado report. The inexorable camera has since been brought to bear on the scene depicted in Plate VI,
and demonstrates that the cliff of granite, there adjacent to the water, and which presents in tho en-
gravmg an acclivity of abont 809, has in nature an inclination of no more than 40°. A somewhat similar
allowance is needed in the interpretation of the representation of the Black Cafion in the same volume.
(Plate V.)
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wall is of Red-wall limestone.* At Diamond Creek, Figure 39, the terrace
at the base of the Aubrey has expanded to a width of three or four miles,
the Red-wall limestone is in turn undermined by the soft Tonto shale, and
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the river flows in Archsean rock—at this point granite. It chances that the
sections which I am able to give from my own observations form an orderly-

* The definition of this and other terms pertaining to the stratigraphy will be found in Chapter VI
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* suite, in which the depth and magnitude of the erosion has an apparent
relation to the descent of the river, being least in its upper course, and suc-
cessively greater at lower points. The relation, however, is not constant,
but.is modified by the system of faults. If the reader will refer to Figure
26, which gives a section parallel in the main to this portion of the river,
he will readily perceive the cause of the modification. The descent of the
water is from right to left, and the line of section crosses the river at- M,
W, and I. The cafion sections may be referred to this one as follows:
Figure 36, above M ; Figure 37, at M; Figure 38, at C; and Figure 89, below
H. Between M and C the platean attains its greatest height, and the cafion
its profoundest depth, cutting farther into the Archsean rocks than at Dia-
mond Creek, and giving a maximum of erosion in the middle, instead of the
lower end of the gorge. In the vicinity of the eastern fault of the Kaibab
Plateau (I) Professor Powell found the gorge so broadly opened at bottom,
as to lead him to distinguish the narrows above and below by thé separate
titles of Marble Cafion and Grand Carfion.

At Kanab Creek, the hlghest point at which I entered the Grand Carion,
- the river runs in the upper part of the Tonto shale, here of firm texture. In
Plate VII, which pictures it there, the walls at right and left are of limestone,
including the Red Wall and Marbled, and they are capped by the lower
Aubrey sandstone, which appears in the middle distance, while the most
distant mesa shows the escarpment of the Aubrey limestone.

From the mouth of Diamond Creek to the énd of the Grand Canon,
distance of forty miles, the river washes only Archeean granites and schists,
and the overlying Tonto sandstone; and to this portion of the cafion my
own observations of its river-action were chieﬂy confined. With the boat
party, headed by Lieutenant Wheeler, I ascended this portion -of the gorge,
and had my attention especially drawn to the rapids and other phenomena
of erosion and tmnspmtatlon * ,

The river in this part of its course has two functions—of transportation

* Besides the opportunities afforded by this boat-excursion, I entered the Grand Cafion at Kanab
Creek, and examined Marble Cafion from above, near the Paria. . Mr. Gilbert Thompson, of our topo-
graphical corps, kindly made some observations for me in the vicinity of the Uinkaret Mountains
and Kaibab Platean; and Mr. Bells photographs from the former locality bave afforded geological
information.
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and erosion—which it will be convenient to distinguish, thouO'h they are
intimately interdependent.

"The transported material is derived from several sources. That abraded
from the bottom of the cafion is too insignificant in amount to demand more
than mention. X

- What reaches the bottom from the nnmedlate sides is of greater volume,
but is chiefly noteworthy because it includes large masses which locally
obstruct the channel and produce some of the most violent rapids.

Far more important and, in the work it entails on the stream, of the
‘greatest importance is the detritus introduced through tributary camons.
Many of these are of very rapid fall, and are occasionally traversed by
powerful torrents, which sweep down bowlders of great size—in some
instances 10 or 15 feet in diameter—and heap them in the main cafion in
dams, that must often be of great depth. Over each of these the water
finds passage at the edge opposite the tributary, and descends the lower
slope with swift current and broken surface; and thus arise the great
majority of the rapids. To roll, jostle, break, and finally grind up and
remove these bowlders is the task—perhaps the chief task—of the river,
and until it removes them it can perform no work on the solid rock which
underlies. In the V-form of the cafion, and in the fact, shortly to be con-
sidered, that the river does in places cross a bottom of béd-rock, there is
evidence that downward erosion has not ceased ; and we must suppose that,
in the current cycle of events within the gorge, there are times when each
of these dams in turn is removed. ‘The torrents that bring and the torrents
that destroy them depend on the rains of regions widely separated, and the
former at least are notoriously variable; so that, while the dams will recur
at the same localities and with the same characters, they cannot be regarded
as strictly permanent.®

Yet another agent brings into Marble and Grand Cafions an amount of
detntub even greater than do those that have been enumerated ; namely, the

*No observations have been made on their fluctuations in the Grand Cafion; but in Black Cafion,
where rapids bear the same relation to side washes, we have evidence of a change. Lieutenant Ives,
ascending in 1858, encountered a rapid of such violence that he dignified it with a name, and mentioned
it in his hydrographic report as'the most serious obstruction to navigation in the cafion; but in 1871,
‘with the same stage of water, I was unable, even with the aid of his map, to (hstmgmsh the “Roaring
Rapid,” so nearly eqnal in importance were several rifts in that vicinity.
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river itself. From its thousand sources to the ocean the Colorado has no
still reservoir to accumulate its sediment, and all that its upper waters

detach must find its way, soon or late, through these canons. The greater
part of this material is reduced to the form of fine sand and mud before

it enters, but some pebbles of tough crystalline rocks from remote volcanic -

regions are included. At no season is the water free from the red mud

whence the stream derives its name, and the amount of detritus conveyed

in time of freshet must be enormous. 7

This brings us to the consideration of the erosion performed by the
river ; for the tool by which it is accomplished is this very sand and mud,
together with that produced by the trituration of rocks within the canon.
Hurried on by the swift water, it gnaws away whatever it touches. Nothing

can resist the incessant impact of the fine siliceous particles, and the whole .

river-bottom, including both solid rock and bowlders, bears indisputable
testimony to the mightiness of their work. Every exposed surface is pol-
ished at least, and the most salient faces are deeply and beautifully carved.
" Plate X gives an example of this sculpture, in which the material wrought
is a homogeneous, fine-grained limestone—the Marbled limestone of the strati-
graphic series—and the carved face lay nearly horizontal, the current cross-
ing it from left to right, as indicated by the arrow. The specimen represented
was broken from a slab three or four feet in diameter, that lay on top of
one of the bowlder dams, and is a fair type of the carving in homogeneous
material. The concave facets, of which the surface is composed, appear to
be of the nature of paraboloids of revolution, the apices of which are turned
up stream. In rocks of less even texture the surfaces are correspondingly
irregular, and the greatest variety of pattern is developed on rocks of irreg-
ular form, which present faces at all angles to the current. :
The rapid erosion to which these gouged surfaces testify I am disposed
to regard as exclusively—or almost exclusively2—the work of the fine detri-
tus, propelled by the water just as the sand of the sand-blast is propelled
by air, and accomplishing its result on precisely the same principle. The
-most rapid cutting is doubtless executed by the coarser sand carried by
freshets ; and the fine mud borne by quieter water, working in the same

manner, but more delicately, produces the perfect polish that everywhere
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prevails. It is to be doubted whether pure water, or water with no mineral
matter in mechanical suspension, has any appreciable erosive power. In
the beds of streams of clear water, disintegration, if not due entirely to solu-
tion, at least depends so largely upon it that the surfaces of calcareous pebbles
are covered by spongy films marking the depth to which the removal of the
most soluble matter has extended. Under the muddy Colorado, however,
erosion is so much more rapid than solution, that no traces of the latter are
to be seen upon the rock surfaces. We may assign to the direct action of
the water the transportation of detritus, and the solution of calcite and
other minerals, after trituration; but the actual rock excavation is accom--
plished by means of the transported material. '

* Besides the \evidences of erosion already described, there are numerous
pot-holes drilled in the bed-rock of the river. They occur in a variety of
materials, but are best developed in granite and cognate massive rocks.
They are not of great size, averaging only 12 or.15 inches in diameter, but
- in some places are so thickly disposed that they fairly adjoin over consider-
able areas, to cross which one must step from crest to crest of the rocky
partitions that divide them. In them are to be found the characteristic
worn pebbles that have helped to bore them. On the steep river-walls were -
seen numerous natural sections. of pot-holes, S '
in places where the same vertical seam in
the granite that at first determined their
position, had finally cleaved away their
outer walls, and left the inner fully exposed
to view. In these sections are exhibted two
type forms. The simplest is that of the
chemists’ test-tube, a cylinder slightly flaring
at top, and terminated at base by a hemi-
spherical cup. In the othey form a round T3 40—Typical forms of pot-holes in
boss or knob rises in the center of the basal  the granite of the Grand Cation.
cup, and gives an emarginate outline to the vertical seoﬁion, as shown in
the diagram. The explanation of this peculiarity is not difficult. The peb-
bles and sand that bore the pot-hole are controlled by two forces; th
~ gyratory motion of the water revolves them, and gives roundnessto the
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hole, and gravity keeps them at the bottom, and determines the vertical
descent ‘of the excavation. When the motion of the water is simply
rotatory, centrifugal force will keep the grinding particles at the periphery
of the base, and produce the emarginate form. Where, from the surging
of the current above, much vertical movement of the water is combined with
the rotation, the simpler form of bottom results.

In additio_n to the rapids caused by bowlder heaps at the mouths of
side gorges, and those produced by rock masses fallen from the immediate
walls of the -cafion, are others due to prominences of the solid bed, and
upon them are displayed the finest river sculpture. At these points, cer-
tainly, the deepening of the -cafion is still in progress, and, though they
make up but a small proportion of the entire cafion bottom, they suffice to
show that the torrent phase of the river is here not yet completed. There
have been distinguished in rivers the torrent portion, in which the descent
is comparatively rapid, and the bed is sinking by erosion into the subja-
cent rock ; the river proper, in which the bed holds a constant mean level, -
and erosion is diverted to the increase of the width of the valley; and the
delta, in which the bed is rising by deposition. The river phase is distin-
guished from the torrent by the presence of a flood plain, which commonly
merges below with the delta plain. In the ordinary sequence of events, the
delta slowly encroaches upon the river portion, and that upon the torrent.
In the Lower Colorado there is an alternation of river. and torrent condi-
tions. The canals the river is cutting through the Virgin and Black ranges
- are far from complete, but they progress so slowly that the stream in the
intermediate valleys, where it encounters nothing more obdurate than gravel,
assumes the true river phase. Below the Black Cafion there is the same
alternation, but less pronounced, and an equilibrium has nearly been
reached.

* It is worthy of mention, in this connection, that the great ancient pot-holes near Cohoes Falls,
New York, are all, so far as examined, spheroidal at bottom. They aro grouped on a moutonnée surface,
and are referred by Prof. L. Agassiz (quoted by Prof. J. Hall in the twenty-first report of the New York
Regents, p. 105) to cascades falling through crevasses in a glacier. The views here advanced as to the
origins of the different forms tend to confirm Professor Agassiz’s hypothesis, Moreover, the excavations
produced by the Colorado, with its high-water depth of 50 to 100 feet, and descent of 5 to 20 feet to the
mile, are, after making all allowance for the difference of rock, of the most insignificant size, a8 comparcd
with the mighty cisterns of the Cohoes Plain. ’
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As the work of denudation in the Grand and Marble Canons progresses,
and the river sinks deeper below the plateau, there will accompany a grad-
ual diminution of the inclination of its hed, of the velocity of its current,
and, in consequence, of its erosive power, until finally it can no longer
clear its bottom of introduced detritus, and, its downward progress being
arrested, the widening of its channel will begin. Of the time that will
elapse before this ‘consummation we can form little conception, but it can
hardly be less than that consumed in the excavation already accomplished,
so slowly will the work proceed as it approaches completion. Of the time
already consumed we may some time have an approximate estimate in years,
for so rapldly does the sand carve away the rock, that I believe it perfectly
feasible to ascertain its rate by observation, and, by considering what part
of the rock-bed is exposed and what protected, to assign, within reasonable
limits, the present rate of degradation of the canion. To pass from this to
the average past rate would require the consideration of somewhat involved
conditions, and the result would not be so satisfactory as that obtained from
the secession of Niagara Falls, but it would be of great interest to obtain
even a crude estimate in centuries of a period of time commencmg, as I
believe, before the close of the Tertiary age.

Throughout the cafions there are no cataracts; that is to say, at no
place does the river fall from a ledge of rock into a pool below. Professor
Hall has shown that in the future of Niagara there will come a time when
the fall can no longer be maintained by the undermining of the limestone
from which it leaps and will be replaced by a rapid. In the Grand and
Marble Cafions this stage has been reached, and the whole descent of 1,600
feet accomplished entirely by rapids. The stratigraphic conditions to the
formation of a cataract are indeed not wanting. The Chérty limestone
near the mouth of Paria Creek is as massive as the Niagara limestone at
" Niagara; the underlying Aubrey beds are as soft as the Niagara, shales, and
their dip is up stream. So, too, with the great Red Wall limestone and the
Tonto shales-below.  But the river passes the hard beds and the soft with
almost equal pace.

Of the tributaries of the Colorado, Paria Creek, Kanab Creek, and the
principal forks of the Rio Virgen rise in the Tertiary and Cretaceous escarp-
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ments, and descend southward through Jurassic and Triassic and (except
Paria Creek) through Carboniferous strata. Kanab Creek alone has its
geological descent uninterrupted ; the others are intersected by folds, which
cause them in portions of their courses to rise in the strata. The data are
not at hand for a full description of either stream, but a few points will be
noted especially pertaining to the phenomena of denudation. '

~ Paria Creek—1It has already been remarked, in speaking, in the last
chapter, of the great flexed faults, that Paria Creek, near its mouth, follows
the anticlinal portion of one of these double flexures. While my observa-
tions were not sufficiently extended to place the matter beyond doubt, they
tend to show that the flexure determined the course of the creek, and must
itself have been of earlier origin. At its mouth the creek runs in the varie- .
gated shales at the base of the Trias, and has so-far washed them away as
to give space for a féw acres of arable alluvium. By the undermining of
the shale the cliffs of the superior sandstone are carried back so as to open
between them a valley half amilein width. Ascending the stream-bed, how-
ever, Lieutenant Marshall rose above the shale, and found himself walled in
by vertical precipices of sandstone, of great height, between which the entire
interval was frequently occupied by the stream. Thirty miles above, where -
the west fork of the ¢reek crosses the same sandstone, (lifted by the East
Kaibab fault,) a broader opening has been produced; and the cafion walls
are separated by a bottom several hundred feet in width.

Kanab Creck traverses box cafions in two portions of its course, the first
where it intersects the Gray and Vermilion Cliffs, (Trias ;) the second, -
where it descends through the Carboniferous series to the Colorado. In the
interval it crosses a broad plain, floored by the variegated marls. At ordi-
nary stages the stream is in part subterranean, sinking in the sand of its
bed, to re-appear when a ledge of rock rises to bar its way. Its general
direction is remarkably straight, and is,in one part atleast, determined by

- a fault, the throw of which is to the west, and does not exceed 200 feet.
Traversing the same rocks, and intersecting the fault at a wide angle, are a
system of parallel vertical joints, and the combined influence of these on
the erosion of the Creek Cafion has produced a curious and very interesting
result. The fault is of the flexed order, and runs close to the east wall of
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the cafion, the erosion .appearing to have begun along its western or syn-
‘clinal edge. In descending from the table, the stream encountered first a
massive limestone, nearly 300 feet in thickness, then 150 feet of softer cal-
careous and gypsiferous beds, and then a second heavy bed of limestone.
Through the upper limestone the cation is about 500 yards broad, and of
‘remarkably rectilinear course, the result apparently of its direct dependence
on the straight fault; but, in wearing through the lower limestone, the
stream has been greatly inﬂu’ex;ced by the jo'ints, and follows them from side
to side of the main valley, producing a narrow, serpentine’ cafion within a
broad, straight one. - The photograph, reproduced in Plate VI, was made
for the purpose of exhibiting these features. The camera was placed near
the base of the upper limestone, on the western side of the cafion, and
directed southward, or down stream. The fault, which unld -otherwise
appear at the extreme left of the view, is concealed by the haze. Further
south, the creek cuts down into the Aubrey shales, the limestone walls diverge,
and the cafion acquires the form repreéented in the view, Plate II, of Marble
Cafion. Still further, it descends through the Lower Aubrey sandstone and
Red-Wall limestone to the Colorado, meanderiﬁg in the latter.bed through
a defile so deep and narrow, that our photographer hardly found light
enough to pictﬁre it. Its majestic gray walls, rising almost vertically toa
height of more than 2,000 feet, impressed us more with their grandeur than
their beauty, and we gladly'éxchanged them for a more open country, with
a broader arch of sky. o
In its upper course, the east fork of the Virgin River follows the line of v
the great Sevier fault, and, though overhung at the east by a-wall of Upper
Trias sandstone, has opened its channel in the coal-measures of the Creta-
ceous system. Restrained by the resistance of the sandstones ‘through which
it has cut its progress southward, it has found time to excavate, in the soft
Cretaceous shales, a narrow, fertile valley, in which repose the secluded
Mormon towns of Mount Carmel and Glendale, (see Fig. 25°F.)
‘The north fork has, in a similar manner, opened a valley in the Creta-
" ceous, but too narrow for cultivation. From the foot of this valley to the
hamlet of Little Zion, the stream traverses, in the most wonderful defile it
has been my fortune to behold, the massive sandstones of the Gray and
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Vermilion Cliffs, here combined in a single undistinguishable body, cer-
tainly not less than 2,000 feet in depth. At the head of “The Narrows”
the top of this bed is at the water’s edge; and, as the strata rise, and the
stream. descends southward, the height of the canon-walls gradually
increases, until it includes the entire mass of sandstone. At the water’s
edge the walls are perpendicular, but in the deeper parts they open out toward
the top. As we entered and found our outlook of sky contracted—as we
had never before seen it between cafion cliffs—I measured. the: aperture
above, and found it 35°. We had thought thisa
minimum, but soon discovered our error. Nearer
and nearer the walls approached, and our strip
of blue narrowed down to 20°, then 10°, and
at last was even intercepted by the overhanging

rocks. There was, perhaps, no point from which,
neither forward nor backward, could we discover
a patch of sky, but many times our upward view

was completely cut off by the interlocking of

the walls, which, remaining nearly parallel to
each other, warped in and out as they ascended.
For a number of miles the bottom of the cleft ,

averages 30 feet in width, contracting frequently
to 20, and in many places is entirely occupied

by the stream, even at its low stage. Near the

%R\ head of the ca,ﬁonkit is covered by sand and
= bowlders of sandstone, worn and fallen from the

- walls, and these continue throughout; but at a
F16. 41.—Section of the cafion of . . . :

the North Fork of the Virgin Certain point a tributary gorge: from the west

River. Seale, 1-7200. brings in basaltic bowlders from some extinet vol-
cano on the mesa above, and they abound to the end of the gorge. The
superior toughness of the basalt enables it to withstand the shocks that rap-
idlv crush the sandstone, and, though its supply must be far less, its
rounded bowlders almost exclusively pave the river-bed for many miles.
The course of the gorge is exceedingly tortuous, and, though our general

direction in traversing it was southward, we yet journeyed toward all points
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of the 'conipass in turn, our view in advance being usually limited at a few
rods’ distance by an angle. The side cafnions all partake of the character of
the main, but, being worn by smaller streams, are narrower, and their bot-
toms are of steeper grade. Many of them at their mouths are not cut so
deep as the one we followed, and discharge at various heights above the
river. These illustrate the perfect continuity and integrity, beneath the
cafion beds, of the sandstone that forms their walls—a continuity that can-
not be seen in the main cafion, since its bed is everywhere covered by
detritus. As a monument of denudation this chasm is an example—and a
peculiarly differentiated example—of downward erosion by sand-bearing
water. The principle on which the cutting depends is almost identical with
that of the marble-saw, but the sand grains, instead of being imbedded in
rigid iron, are carried by a flexible stream of water. By gravity they have
been held against the bottom of the cut, so that they should make it vertical,
but the current has carried them, in places, against one side or the other,
and so far modified the influence of gravity, that the cut undulates some-
what in its vertical section, as well as in its horizontal. The diagram rep-
resents an extreme but not exaggerated case of this departure from verti-
cality, and, at the same time, shows the relation of the depth to the width
_of the canon, where it is narrowest. The form at top is necessarily hypo-
thetical ; from our subterranean position we could form little idea of it.
Upon this line of section, the transition from the massive sandstone to
the variegated marls below is gradual, leading to a slow opening out of the
cafion at its mouth; and the river in Little Zion Valley still flows between
its beetling walls before passing finally beyond the limits of the sandstones.
Diamond Creek.—At the mouth of Diamond Creek center four valleys of
denudation, whose relation to the structure of the Plateaus very interesting.
Two of these valleys are occupied by the Colorado and are portions of the
Grand Cafion; that is to say, the river turns here abruptly at a right angle,
and its two courses appear to have been determined by distinct causes.
The third valley is the cafion cut by Diamond Creek, and is a prolonga-
tion eastward of the lower course of the Colorado. The fourth is that of
Peach Spring wash, and prolongs southward the upper course of the Col-
orado. No perennial stream follows it to the.river, and it is but twenty .
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miles in length; yet it affords an easy descent to the bottom of the Grand
Cafion, and is entirely exempt from the precipices that render Diamond
Creek and other cafions impassable. It is, indeed, the only valley tributary
to the Grand Cafion, through which a wagon road can readily be made.
This character, and its remarkable straightness—T refer to its general course,
and not to its details-—are due to the fact that it was primarily determined
by a fault. On a preceding page may be found diagrams (Fig. 31) of this
fault; its throw is to the west, and the amount of dislocation near ‘the river
is about six hundred feet. Tts strike is north 25° east. For a few miles at
least it is included in the upper course of the Grand Cafion, and, as I looked
down Peach. Spring wash, and commanded with my eye a long vista of
the cafion beyond, I was strongly impressed with the idea that the dis-
location which determined the one, had also marked out the other for a
great distance. Later geographical determinations show ‘that from the
neighborhood of the Uinkaret Mountains to the mouth of Diamond Creek,
a distance of thirty miles, the general direction of the cafion is straight and
coincident with the observed trend of the fault. If what now appears prob-
able shall hereafter be demonstrated—that the cafion for a long distance
follows closely the line of faulting—the necessary deduction that the fault
antedates the beginning of the cafion will be an interesting addition to the
chronology of the river. ‘

The identity in direction of Diamond Creek with _ihe lower course of
the Grand Cafion is not a mere coincidence, but depends on their common
relation to the Plateau structure. The Aubrey Cliff, which crosses Arizona
in a northwest direction, here intersects the Colorado. Since the general
dip of the strata is to the north, and the escarpment is due merely to their
unequal denudation, there lie, at the foot of the escarpment, a series of
monoclinal valleys, of which the Tonto Basin, the Upper Verde Valley,
and Aubrey Valley are examples. Diamond Creek runs, in like manner,
parallel to the cliff, and differs from the others only in having excavated a
deep gorge, which the low level of its discharge enabled it to do. The same
Aubrey CIiff that follows its northern or northeastern margin re-appears be-
yond the Colorado, and, for forty miles, bears the same relation to the lower
course of the Grand Cafion, leading to the belief that the stream was here
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guided, at the first, by the monoclinal valley, and that the Aubrey CIliff, as
a topographical feature, is more ancient than the Grand Cation. The cliff
now rises from three to five miles back from the brink of the canon, and
may be supposed to have retired to that position by slow 1R
waste during the excavation of the cafion.

Of the immensity of the denudation that has reduced
the Plateaus to their present condition, we have unmistaka-
ble, and at the same time unexpected evidence, in the exist-
ence of insular masses of strata, remote.from the mesas of
which they once formed part. The most important of these
are found between the Shinarump and Aubrey Cliffs, and
consist of limited tables of Triassic rocks, resting on the
broad Carboniferous floor, and surviving the general destruc-
iion in virtue of protective mantles of lava.

" Mr. Marvine observed a number of outliers of the varie-
gated marls southwest of the Colorado Chiquito, near Sun-
set Tanks, and there is reason to believe that San Francisco
Mountain, distant forty miles from the Triassic mesa, contains
an outlier of its sandstone. The evidence in this latter case
is not very full, but, taken in connection with the other
facts enumerated, can hardly be mistaken. On the northern
and eastern flanks of the peak I observed outcrops of cross-
bedded orange sandstone, resembling, lithologically, por-
tions both of the Upper Aubrey sandstone, and of the
Triassic sandstone series, but occurring 1,000 to 1,200 feet
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higher than the nearest compared exposures gave reason to
anticipate the discovery of the Aubrey sandstone; the out-
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crops are completely circumscribed by voleanic materials,
on one side the peak itself, and on the other the chain of
later lava and cinder cones that surround its base. The
nearest exposure of determined strata is ten miles distant,

at Antelope spring, close to the southern base of the mountain, and con-

sists of the upper portion of the Aubrey limestone, undisturbed, and dip-

ping gently to the north. Dating from this pointand making due allowance
6w s
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for dip, the thickness of Triassic strata included in the mountain appears
to be 700 feet, with the top undetermined.

If a line be drawn to connect these several islands, and be compared
with the line of the present Triassi¢ outcrop, the included area will be found
to approximate 10,000 square miles; and from all this the Lower Trias has
been denuded since the eruption of the older lavas of the Uinkaret and
San Francisco groups. The geological date of these eruptions we have no
means of knowing, further than may be surmised from the fact that in the
Upper Sevier country great floods of very similar lava have risen through
and overrun lower Tertiary deposits. How much further the Triassic strata
extended, we cannot conjecture. |

The Cretaceous and Tertiary series, which were deposited conformably
above an even floor of Jurassic strata, cannot be supposed to have thinned
rapidly southward, yet they have been so far excavated, that their escarp-
ments aggregate no less than 5,000 feet.

Natural sand-blast.—In the discussion, above, of the erosion of the
Grand Caiion, the idea has been advocated that the transported detritus is
the efficient tool, wielded by running water, in excavating its bed. To the
same general purport are a variety of phenomena, illustrative of the
efficiency of dry sand as an erosive agent, when borne by the wind. The
subject is by no means a novel one, and has been touched by numerous
writers, especially since the invention of the sand-blast. Some of the

phenomena at the West have been described by Newberry, Blake, and
" Antisell, in the Pacific Railway Reports. My own observations have
included so many additional data of the same character, that I am disposed
to attach considerable importance to this agent of terrestrial denudation.
In humid regions the traces of its action are seldom seen; partly because
dry, volatile sands are of infrequent occurrence, and partly because their
traces upon rock surfaces are obliterated by the more rapid wasting accom-
plished by decomposition and solution. But in arid climates, where the
power of frost is greatly lessened, and vegetation does not suffice to protect
the soil from the wind, sand and dust are in almost continual motion, and
“the cumulative effect of their incessant impact is not merely appreciable,
but even important. In passes and contracting valleys, where the wind is
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focused, and its velocity augmented, the most conspicuous results are to be
seen; but no inconsiderable work is accomplished on broad plains, where
its normal force only is felt. Blake and Newberry observed that in the
Colorado desert the pebbles were etched by drifting sand, and our examina-
tions have detécted the same phenomena in the Gila and Amargosa deserts,
and other broad valleys. The most perfect work of this character that has
fallen under my observation, is on a broad gravel mesa sloping gently
toward the Colorado River, just below the mouth of the Virgin. The sur-
face of compacted sand and gravel is hard, smooth, and even, and upon it
are thickly strewn loose pebbles, shaped by the drifting sand. Hard,
homogeneous stones, as quartzite and chalcedony, are rounded and highly
polished, as though by collision in running water; crystalline rocks, as
basalt and trachyte, are unevenly worn, the harder crystals maintaining
prominences; and limestones are carved, with a net-work of vermicular
grooves, into the most beautiful arabesque designs, (Plate IX.) The dust
that results from this attrition flies off with the wind, and ultimately finds
its way to the playa of some desert, or to some water-course, that carries it
to the ocean. Slow as is this process, there can be no question that it is
wearing away the mesa; the pebbles that now strew its surface, will, in
time, be completely dissipated, and others will be dug from the valley
below to take their places. Such wearing cuts no cafions, and leaves no
grand monuments of the magnitude of its results, but it is nevertheless a
true denudation, applied to broad areas, and, where water is deficient, is no
inconsiderable factor in the sculpture of the land. The broad belts of cross-
bedded sandstone that are exposed where the Lower Aubrey bed caps the
second terrace of the Grand Cafion, and the still greater areas on the
Vermilion mesa, are traversed by drifting sand, and probably owe much of
their sculpturing to this agency; though it is not easy to distinguish, there,
its work from that of frost. As a rule, their denudation has progressed with
the most conspicuous irregularity, and their numerous prominences are
carved in fanciful and grotesque forms. »

At the head of Black and Bowlder Canons, and at the foot of Monu-
ment Cafion, the configuration of the surface so modifies the winds as to
give them especial violence, and their achievements are correspondently
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conspicuous. In the first locality, on an exposed spur of the hill to which
Lieutenant Ives gave the name ¢ Fortification Rock,” are examples of sand
sculpture, little, if any, inferior to those displayed on the bed of the
Colorado. Bowlders of basalt and trachyte, gradually weathering from the
gravel of which the hill consists, are here subjected to a natural sand-blast
of great power. The wind, confined by the hills, has locally but two
directions—directions exactly opposed to each other—and these are con-
spicuously portrayed by the carving. In the larger of the basalt bowlders
represented in the illustration, (Plate VIII,) a point near the left margin
faces the prevalent wind, and from it eroded grooves radiate over the convex
surface ; and the course of the blast, as it whirls around its edge, is finely
shown on the stone at the right.

Just below the mouth of Paria Creek, and thence along the bases of
the Shinarump and Vermilion cliffs, nearly to House Rock spring, similar
carving may occasionally be seen, but it is poorly preserved by the friable
sandstone, upon which it is executed. From Paria Creek to Rocker Creek,
a large share of the excavation of the lower cliff is performed by wind
and sand. Wherever a fragment of the Shinarump conglomerate, which
caps the cliff, falls to the base, it is at once attacked. The wind, deflected
by it, has exceptional force at its margin, and scoops away the underlying
shale about its base. Moreover a greater amount of sand is drifted close to
the ground than higher up, and the base of the block is eroded more
rapidly than the top. It results, in time, that the block, now smaller below
thamr above, becomes perched on a pillar of shale, and, as this gradually
grows more slender, is finally completely undermined, and tumbles over,
only to renew the process at a lower level, (Plate XI.) Where the wind is
least restricted, the base of the cliff is swept almost entirely clean of
bowlders, and the shale moulded in smooth graceful curves: as, for
example, on the south side of Chocolate Butte, (Frontispiece,) an outlier of
the Shinarump mesa. :

Rain-sculpture—In Plate I is represented a very peculiar style of
sculpture, executed by rain in half-consolidated sands and conglomerates,
and in the softest water-rhyolites. The material, in this instance, is a local
sand and gravel deposit, at the eastern base of Mount Nebo, Utah.  Similar
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fluted escarpments are to be seen at numerous localities in Nevada and
Arizona, as well as in Utah; but in more humid regions I am acquainted
with none of purely natural origin. Steep earth-slopes, laid bare in railroad
cuttings, are sometimes carved, by the rain, in similar fashion; but the frost
soon destroys its work. In the dry air of our desert States and Territories,
however, a steep escarpment rarely remains saturated with water long
enough to be disintegrated by freezing. .

It is in the presentation of such subjects as this that the camera affords
the greatest aid to the geologist. Only with infinite pains could the
draughtsman give expression to the systematic heterogeneity of the material,
and at the same time embody in his sketch the wonderfully convoluted Sur-
face—so suggestive of the folds of heavy drapery. But to photography
the complicated is as easy as the simple; the novel, as the familiar. The
negative once secured, the observer may at any time, and at his leisure,
restudy the view, of which a hurried visit has given him but a first im-
pression; and, more than this, he is enabled to publish its lesson, or its
story, with the vividness that pertains to all graphic illustration, and with a
guaranty of accuracy afforded only by the work of the sun.




CHAPTER III.

THE GLACIAL EPOCH.

We have seen in the last chapter that the valleys of the Basin Range
system are filled to a great depth by detritus from the adjacent mountains.
Our knowledge of these deposits is eminently superficial, no thorough sec-
tion having been discovered. Some of the coarser gravels, resting against
mountain-flanks, have been excavated and exposed to the depth of a few
hundred feet, where the streams that spread them have so far deepened their
mountain channels as to discharge at lower levels, and begin the destruc-
tion of their own deltas; and the Colorado River, between Bowlder and
Iceberg Cafions—near Callville, Nevada—has cut the valley- beds toa depth
of five or six hundred feet; but none of these partial sections reveal any-
thing else than half-sorted gravels and saline clays and sands, such as are
now gathering along the margins and in the playas of other arid valleys.
The beds have afforded no fossils, and we can say of their antiquity
only that their deposition commenced before the Colorado had carved its
cafons.

The unruffled repose of all such unconsolidated beds in Nevada and
adjacent Utah, is proof positive that no general glaciation has prevailed. It
is impossible that ice-floods should have invaded their domain, without
molding them into the most impressive and conspicuous glacial monuments;
but all their forms and conditions point to their quiet distribution by running
water, aided locally and occasionally, as we shall see, by the agency of
lakes. Adding to this the merely negative fact that no glacial striae, nor
other trace of glaciers in the Basin Range troughs,have been found, though
experienced eyes have looked for them, we may conclude, without reserva-
tion, that the great ice-field of Eastern North America had no counterpart
in the same latitude at the West.

The climate of the West was not, however, unaffected in the Glacial
86
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epoch, and there is abundant evidence of a change similar in kind to that
which occurred at the East. To this evidence our explorations have made
some contributions, and to present these, and point out their general rela-
tions, is the purpose of the present chapter.

Local Glaciers—Although the valleys which separate the mountains of
Nevada and contiguous territory were not flooded with ice, yet glaciers
formed about the crests of the highest ranges, and their traces have been
discovered even farther south than they are known on the eastern coast.
The ancient glaciers of the Sierra Nevada, described by Prof. J. D.
Whitney, in the Geology of California, extended nearly to Walker’s Pass,
in north latitude 36°.

They occupied large areas on the loftier portions of that range, and
stretched long arms toward its base, but were strictly local in character.
Northward, on the Cascade Mountains, Dr. J. S. Newberry noted glacial
strize at so low an altitude as 4,450 feet,* and at Puget Sound begins the
system of fiords, which, along the coast of British Columbia and Alaska,
mark the extension of the ice to the ocean—or at least to regions that are
now washed by it. On the Rocky Mountains the southern limit has not
been ascertained, but moraines of considerable magnitude were observed in
the South Park, by a party led by Prof. J. D. Whitney, in 1869.+ Upon
the Wahsatch range, near Salt Lake City, glacial phenomena have been
noted by Mr. E. P. Austin and others, but I am not aware that any descrip-
tion of them has been published. We may look to the forthcoming vol-
umes of the report of the Fortieth parallel survey for a full account, not
only of these but of similar phenomena on the Humboldt and Uintah
ranges. In the third volume of that report Mr. Emmons announces the
discovery of glacial strize on the Toyabe range, Nevada, (latitude 39°,) but
mentions no associated phenomena. South of ' these mountains our ex-
plorations in 1872 led to the discovéry of a number of localities which
there is reason to believe are the most southerly in the longitudes in which
they occur.

* Pacific Railroad Reports, vol. vi, p. 42.
1 Prof. J. J. Stevenson, geologist of the Colorado division of this exploration in 1873, founnd moraiues
as far sonth as north latitude 38°, on the eastern flank of the Sangre del Cristo Mountains.
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The Schell Creek range, Nevada, has an altitude at White’s Peak,
(latitude 39° 15',) and for six or eight miles southward, of 10,500 to 11,200
feet. The crest is remarkably acute, and is buttressed by lateral spurs,
between which are close, hopper-shaped valleys, that once contained very
small glaciers. The ice could have moved at most only two or three miles,
and the moraines, which are its only observed record, were pushed no lower
than 8,000 feet. A little farther south, (latitude 39°,) and in the next range
to the east, Wheeler's peak rises to a height of 12,000 feet, and bears upon
its eastern flank a moraine of the same character and at the same altitude
as those of the Schell Creek range, but of greater magnitude, and retaining
Alpine lakes. I did not myself visit the lakes, and indeed saw only the
lower side of the moraine, but, by the descriptions of Lieutenant Wheeler
and Mr. W. M. Ord, who ascended the peak in 1869 and viewed them from
above, I am persuaded that the waters are dammed, either by the moraine
I saw or by later formed moraines of the same glacier. No opportunity
was afforded to look for glacial phenomena on other sides of the peak, and
it is not improbable that they shall be discovered a few miles farther south
on the same range.

Belknap Peak, near Beaver, Utah,-overlooks two moraines, lying in
sheltered valleys on opposite flanks, and the western contains the waters of
a lakelet at an altitude of 9,000 feet. Its latitude is 38° 25'.

Sixty miles farther east, in latitude 38° 30’, Mr. Howell observed upon
a high ridge of the Sevier plateau a series of terminal moraines, inclosing
a chain of small lakes and swamps, (Chapter IX of this volume.)

In all of these instances the glaciers were of insignificant magnitude,
and confined to the neighborhood of the loftiest summits.

Lake Bonneville—From considerations that will appear in the sequel, I
have come to regard as phenomena of the Glacial epoch a series of lakes,
of which the beaches and sediments are to be found at many points in the
Great Basin. The greatest of these with which I am acquainted, covered
a large area in Western Utah, including the valleys now occupied by
Sevier, Utah, and Great Salt Lakes, and its limits and history have been
so far indicated by our examination, that I venture to propose for it the
name of Bonneville, in honor of Capt. B. L. E. Bonneville, who first
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afforded an authentic account of Great Salt Lake* The lacustrine de-
posits which form part of the record of this lake, I shall designate the Bon-
neville group. '

The most conspicuous traces of Lake Bonneville are its shore-lines.
At their greatest expanse the waters rose nearly 1,000 feet above the present
level of Great Salt Lake, and at this and numerous other stages, marked
their lingerings by elaborate beaches and terraces. These are very con-
spicuously displayed on the slopes of the Wahsatch range near Great Salt
Lake, and on the rocky islands of the lake, and have attracted the attention
of every observant traveler from the time of the explorations of Frémont
and Beckwith. All the varied products of wave-work, as we know them
on modern shores, are represented and beautifully preserved. Rocky prom-
ontories are cut in notches of greater or less depth, as the water lingered a
longer or shorter time, the upper face of the notch being a bluff escarpment,
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F16. 43.—Diagram of beach carved in rock.

undermined by the waves, and the lower a shingle, consisting of parts of
the excavated rock. The water level, as we know from the study of mod-
ern shores, was at or a little below the angle of the notch. On promon-
tories of softer materials, such as salient curves of the gravel foot-slopes of
the mountains, the phenomena are precisely similar save that the inclines
are less steep, (Fig. 44.) Along re-entrant curves, and across the mouths of
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F1G. 44.—Diagram of beach carved in soft earth.

deep indentations of the contour, beach ridges, or bars, were thrown, hav-
ing for their material a portion of the sand and gravel excavated from the

* Captain Bonneville saw Great Salt Lake in 1833. His account of it was published by Washing-
ton Irving ten years later, in “The Adventures of Captain Bonneville, U.S. A., in the Rocky Mountains
aad the far West.”
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promontories, (Fig. 45.) Where considerable streams entered, tabular del-
tas were built of their sediments, and gravel bars of great magnitude were
thrown across straits. Of this latter feature conspicuous examples are to be

F16. 45.—Diagram of beach ridge thrown up on a shelving shore.

seen at Dry Pass in the House range, at the pass between Tooele and Rush
Valleys, at the pass between Juab and Utah Valleys, and at that between
Utah and Salt Lake Valleys. The last mentioned is especially interesting,
from the fact that the Jordan River has cut across it and revealed the con-
stitution of the bar to a depth of 500 or 600 feet. The cuttings of the
Utah Southern Railway have likewise afforded fine sections at the same
locality, exhibiting clean, well-sorted, beach-rolled gravel.

No number can be assigned to the successive shore-lines from the
highest to the modern. Upon gentle slopes many more can be detected
than on steep, and they are of all grades of distinctness. It is doubtless
true that some, which are at certain stations conspicuous, as compared to
others, are elsewhere, from local causes, inconspicuous, but there are two
lines that can, at nearly every point, be recognized as far more strongly
traced than any others. One of these is the highest of all, the Bonneville
beach. The other occurs about 300 feet lower, and this we have found it
convenient to entitle the Provo beach, drawing the name from the town of
Provo, on the shore of Utah Lake, near which it is especially well exhibited.
These tell us that, during the progressive subsidence recorded by the entire
series, there have been two marked epochs, perhaps many thousands of
years in duration, through each of which a constant water level was main-
tained. The level of Great Salt Lake, like that of other lakes without over-
flow, is notoriously inconstant, for the obvious reason that it depends on the
ratio between precipitation and evaporation over a limited area—factors
which .diverge, and change their conditions of equilibrium, with every fluc- .
tuation of annual mean temperature or humidity. It is difficult to imagine
that so unstable a climatal equilibrium was maintained for the time that was
consumed in the production of either the Bonneville or the Provo beach,
and, before we accept such explanation of their origin, we are led to inquire
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whether at these levels the stage of water was not regulated by an overnow.
The coincidence of one of the constant levels with the highest water stage
of all, renders the presumption of an outflow at that stage especially strong.
With these considerations in view, we endeavored, in tracing the outline of
the lake, to discover its point of discharge, but' without success. - Our exam-
ination was almost exclusively confined to the southern half of the lake, and
points to the conclusion that no outlet existed toward the Colorado River.
At one low point of the southern rim, near Hebron, Utah, the observation
was not so complete as was to be desired, and the question may be considered
as not definitely settled. Prof. O. C. Marsh informs me that he has discov-
ered, on the northern shore of the lake, an outlet leading to the Snake River,
but I am not aware at what point, nor at what altitude. The northern por-
tion of the lake area falls within the field of study of the corps of Mr. King,
and when their observations and those of Professor Marsh shall have been
published, the relation of the beaches to the outlet, or outlets, will doubtless
be known.* Meantime I anticipate that the Provo beach, as well as the
Bonneville, will be found to have been determined by an overflow.

In the map of Lake Bonneville,f the southern half, and the eastern
shore to Ogden, is-based on the surveys of our parties in 1872. Wherever
the shore-line was crossed by Mr. Howell or myself, its position was noted,
and in this way about forty-five points were fixed. These were connected
by lines, in part sketched in the field from views more or less distant, and
in part assumed from the general relations of the orography to the deter-
mined altitudes of topographical stations. The northern and northwestern
contours are merely provisional, and are based on some scattering altitudes
furnished by the Pacific Railroad explorations, and Dr. F. V. Hayden’s
reports. A bay is assigned to Cache Valley on the authority of Dr. Hay-
den, (Annual Report, 1871, p. 19.) The southern and eastern portions of
the lake were studded with rocky islands, and fringed with ragged, *iron-
bound” promontories. The largest open body lay over the Great Salt
Lake Desert, and had a depth of about 900 feet. The average depth of the

*Prof. Frank H. Bradley mentions four points of possible outflow from the northeast margin.—(U.
S. Geol. Surv. of the Territories, 1872, p. 202.)

t At the time of writing, this map has not been executed, but it is hoped to publish it together
with others, constituting a geological atlas, either with or soon after the appearance of this volume.
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whole was not far from 400 feet, and the extreme depth 1,000 feet. Its
area was not far from eighteen thousand square miles, being a trifle less
than that of Lake Huron, and eight times as great as Great Salt, Utah, and
Sevier Lakes combined. Its extreme length, from north to south, was about
three hundred and fifty miles, and its width one hundred and twenty-five
miles.

The altitude of the Bonneville beach was accurately determined, at a
point where it is distinctly marked, near Camp Douglas. A system of
levels, carefully run by Mr. Gilbert Thompson, establish the relation of this
point to the shore of Great Salt Lake, to several * benches” convenient for
reference, and to the track of the Central Pacific Railroad, at Corinne,
Utah; and the combination of the railroad and local levels affords the fol-

lowing:

Feet.
Water-surface of Great Salt Lake (May 16, 1873) above the sea.. 4,210.4
Instrument pier, Salt Lake Observatory, above the sea. ......... 4,330.4
Bonneville beach, near Camp Douglass, above the sea.......... 5,178.1
Bonneville beach above Great Salt Lake . . ... ... . .. ....... 967.7*

The fluctuations of the present lake have been observed for so short a
period, and with so little care, that we do mnot know its mean stage, (if,
indeed, we can assume it to have one,) but such meager data as are avail-
able indicate that, at the date of our comparison, its level was some feet
higher than it averaged for the past twenty years.t

No other determination of the Bonneville beach was made by spirit-
level. Aneroid barometers were carried, by Mr. Howell and myself, to
numerous and widely-distributed portions of it, as well as to a number of
stations on the Provo beach; but, owing in- part to the loss of a note-book
containing collateral data, the discussion of these observations does not give
satisfactory results. To the most important question that we would ask of

* Professor Bradley places the altitude near Ogden, in 1872, at 966 feet, a most remarkable coivci-
dence, if, as I suppose, his measurement was made by barometer.

t Capt. H. Stansbury, describing Antelope Island, in 1850, (p. 158 of his report, ) says: “ The south-
ern part of the island is connected with the main shore of an extensive sand flat, which, in the summer,
is for the most part dry, but is frequently flooded to the depth of 18 inches, the water of the lake being
driven over it by every gale from the north.” Mr. Joseph H. Barfoot, of the Salt Lake City Museum,
writes me of this same sand-flat, in 1874, that ¢ it is crossed at times by the steamer,” and that ¢ there are

now 11 or 12 feet of water at that place.”
Y
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them, they afford but a qualified answer. They render it probable only
that the Bonneville beach, on the western foot of the Pah-van range, south
of Fillmore, Utah, has a greater altitude than at Camp Douglas, &c.; and
that the portion which outlines the southern arm of the extinct lake in Esca-
lantes Valley is nearly 300 feet higher than that about the Great Salt Lake
Desert. These facts—if future investigation shall prove them so to be—
will have especial interest as the record, in the middle of the continent, of
undulations of the solid earth, produced at so late a geological date that we
may presume them identical with changes now transpiring. In the present
state of the science we are able to detect and measure the slow writhing of
the earth’s crust, only where a broad water-surface affords a datum-plane ;
and, for this reason, our data are almost confined to the margins of continents,
where, as Professor Shaler has shown,* there is reason to suppose that the
amount of motion is least. There are, however, a few interior lake sys-
tems, broad enough to tell us something of the warping of their shores, and
~our continent contains two, at least, that are of value—that of the Lauren-
tian lakes, and the one we are considering. The fact that the basin of
Lake Bonneville is now nearly dry is rather advantageous than otherwise,
since its slow desiccation has left intact, for our study, a series of contour
lines, that record, by their flexures, or by their horizontality, the relative
motion, or the stability of the parts of a large area, subsequent to the suc-
cessive times of their production. Since the geologist has ceased to look
upon the present order of things as an ultimate result, and has come to per-
ceive that the epoch in which he lives is a geological epoch, that geological
history as well as human history is enacting, and that the earth has a
future no less than a past, a peculiar interest attaches to every evidence of
recent or actual progress. Inquiry is directed to all that seems most per-
manent, in the firm faith that the discovery of its instability can only be
postponed, not averted ; and, actuated by this spirit, the geologist has even
prophesied that the growth of mountain-ridges—* the everlasting hills "—
will some time be seen. For evidence of their recent progress no better
field could be studied than the region of this ancient lake, which bathed the
feet of a dozen ranges of the Basin system.

* Proc. Bost. Soc. of Nat. Hist., vol. xii, Oct. 7, 1368.
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Bonneville Beds.—Intimately associated with the Bonneville and lower
beaches are a series of lacustrine deposits, whose history is very clearly de-
fined by their constitution and relations. They are largely composed of
fine, friable, white, calcareous marl, and this passes, on the one hand, into
a cream-colored, partly oolitic sand, of calcareous and siliceous grains,
feebly cemented by calcite, and, on the other, into an impalpable clay,
charged with chloride of sodium and other soluble salts. All of these beds,
excepting the most saline of the clays, are fossiliferous, affording, in great
abundance, a few species of lacustrine gasteropoda.

The clay is distributed through the lowest portions of the Sevier and
Salt Lake deserts und their arms, and, lying for the most part below the
reach of modern denudation, is rarely to be seen in section. The marl is
best exposed, and probably best developed, on gentle declivities. Its great-
est measured thickness, noted on the southern margin of the Great Salt
Lake desert, is 30 feet. Usually it is so friable as to crush readily between
the fingers; but near Fillmore, Utah, it is consolidated into a chalk, and has
furnished the name—Chalk Creek—of the stream upon which that town is
built. The sand beds lie also upon the margins of the basin, but are less
widely distributed. In most instances, their association with some one of the
beaches can be definitely seen, and in all observed instances of superposition,
they overlie the marl. On the western flank of the House range, opposite
Fish Spring, they are greatly developed, but admit of no section. Near the
River Bed station of the old overland stage road they exhibit a depth of 50feet

The area covered by the Bonneville group is completely circumseribed
by the Bonneville beach, and comprises, with an exception presently to be
noted, whatever of the surface of the basin lies below the level of the
beach. The waves which carved and molded the Bonneville beach, exca-
vated only indurated rocks and subaerial gravels derived from them. The
escarpments excavated at all lower water stages exhibit sections, more or
less complete, of the Bonneville beds. In fine, the Bonneville beds are the
sediments of the lake whose successive margins are recorded by the series
of beaches we have described, and their deposition has been continuous,
over a gradually restricted area, from the date of the Bonneville beach to
the present time.
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In some places the lacustrine deposits have in turn been covered by
fresh, rill-borne gravels. The waste from the mountains that, during the
existence of Lake Bonneville, was sorted and distributed by its waters, re-
ceived, after they retired, only the partial sorting and limited distribution
that the mountain streams accomplished. Upon easy slopes, these subaerial
gravels sometimes cover and conceal the Bonneville beach, but oftener the
modern streams intersect the higher beaches in channels eroded below the
general surface, and spread their detritus over the lacustrine strata and the
lower beaches.

The general section about the margins of the Bonneville basin may,
then, be stated as follows:

a. Subaerial, unsorted gravels; deposited by running water; distributed
in unconnected patches; still accumulating.

b. Subaqueous sands, marls, and clays; thoroughly sorted; deposited
by still water; limjted by the Bonneville beach. The greatest measured
section shows 75 feet; the maximum depth may be greater.

¢. Subaerial, unsorted gravels; deposited by running water; not limited
by the Bonneville beach; found under the Bonneville beds wherever their
base is visible. Maximum_ depth unknown; a partial section shows 200
feet.

The gravels ¢ and ¢ are identical in character, and above the beaches
are inseparable. They are, in fact, a continuous formation, interrupted
locally by the intercalation of the lake beds. So, too, if we pass from the
margin of the basin to its lowest points, where are now salt lakes, we find
now depositing a saline clay, identical in point of time with the upper gravel,
(a,) but in point of condition identical with the Bonneville clays, (b,) and
connected with them by unbroken continuity of deposition. That is to say,
on the borders of the basin the accumulation of subaerial gravel has been
continuous, and in the lowest parts the deposition of subaqueous, while a
broad middle ground has received the two deposits in alternation. The
circle of beach which has always separated the two areas of deposition, has
dilated and contracted, so as to enable each, in turn, to overlap the other.

Of the history of the beach, or what is the same thing, of the history of
the lake, we know only the last few pages. We know that the present low
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tide has been preceded by a high tide, the duration of which, though ex-
tended, was not unlimited, and we know that for a comparatively long ante-
" cedent period there had been no similar flood; but we do not know that
there were or were not earlier floods; nor can we tell how low was the stage
from which the water rose to its last maximum.

Our chief present interest in these phenomena lies in the fact that they
are the secular meteorological record of Utah. The water stage of Great
Salt Lake depends on the relation of precipitation to evaporation—and
these upon atmospheric humidity and temperature—within the area from
which it receives drainage. If the air-currents that cross the basin absorb
more water than they yield, the lake surface contracts, until the consequent
diminution of evaporation restores the equilibrium; if they absorb less, it
expands, and the effect is, and has been, the measure of the cause, up to
the limit marked by Lake Bonneville, when, an overflow being reached, the
water could rise no higher.

We may, then, translate our stratigraphical data into climatic, and say
that during a period, represented by the lower gravel, (c,) Utah was arid;
that its humidity increased to a maximum, and again began to diminish,
during the deposition of the Bonneville beds, (b,).and that its present aridity
has been reached and maintained during the time marked by the upper
gravel, (a.) Some idea of the relative lengths of these periods may be de-
rived from the comparative magnitude of the deposits, though our data upon
that point are not so full as is desirable. The general impression, derived
from a month’s travel in the region, is that, if the gravel a be taken as unity,
the lacustrine deposits might be represented by ten, and the known portion
of the gravel ¢ by fifty. In passing from depth to time, it should be borne
in mind that the lacustrine deposits accumulated faster than the gravels.
They were formed during an epoch of greater humidity, when denudation
was more rapid, and they received material from wave erosion, as well as
from atmospheric. After making this allowance, it still remains probable
that the Bonneville Lake occupied more time than has transpired since its
subsidence, and that the anterior epoch of aridity was many times longer
than what time has elapsed since its close. The humidity marked by the
Bonneville beds thus appears to have been an episode, occurring in the
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later part of a long era of aridity, and it was the consideration of this fact
that led to the introduction of these data in the chapter devoted to glacial
phenomena.

The Bonneville epoch and the Glacial epoch were alike climatal epi-
sodes, and they occurred in the same general division of geological time,
namely, the division of which modern time is the immediate sequel. If it
can be shown that the climatic changes were of the same kind, there need
be no hesitation in assuming the identity of the epochs. The glacial cli-
mate we commonly regard as merely cold, and a low temperature was
doubtless its chief characteristic; but it admits, nevertheless, of another
view. The climatic condition essential to the formation of glaciers is, that
the summer’s heat shall be inadequate to dissipate the winter’s snow, and
this may be brought about, either by a lowering of temperature, or by an
increase of winter precipitation. The profuse precipitation of our north-
western coast would maintain great glaciers, if the climate were cold
enough; rivers of ice would follow the higher valleys of the Rocky Mount-
ains if the snow-fall were heavy. ’ . .

To account for the origin of Bonneville Lake, we need to assume a
climatal change, that would increase precipitation, or diminish evaporation ;
and both of these effects would follow, in accordance with familiar meteoro-
logical laws, if the humidity of the air were increased, or if the temperature
were lowered. There can be no doubt, then, that the great climatal revo-
lution, which covered our northeastern States with ice, was competént to
flood the dry basin of Utah; and that it actually did so is at least highly
probable.

Before quitting the subject of this ancient lake, a few special features
should be recorded.

Calcareous Tufa.—Along many of the beaches, and especially at points
where they are carved in solid rock, the bench or terrace below the water-
line is composed of calcareous tufa, usually full of small gasteropod shells,
and often involving so many fragments of the contiguous rock as to consti-
tute a breccia. In the localities where I found it best exhibited, the beach
was carved in limestone, but the deposit is probably independent of the

character of the adjacent formation. Mr. Howell observed it upon Granite
TwWS



98. GEOLOGY.

Mountain, coating granite, and remote from limestone exposures; and a
similar association was seen by Prof. W. P. Blake on the Colorado Desert.
Down some steep slopes it stretches, as an apron, for several rods, and,
where it rests on soft materials, the waves of the retiring lake have under-
mined it and formed caves. Several of these are to be seen on the north
end of the Oquirrh range, and the largest, which is popularly reputed to
have been excavated by Spaniards years ago as a mine, is remarkable as a
specimen of “Purgatorial ” wave-work. The Carboniferous strata have a
local northward dip of eighty degrees, and trend parallel to the face of the
acclivity. Two beds of limestone, which constitute the walls of the caverr,
are separated 12 feet at the entrance, and evenly converge to
the rear end, where they are 4 feet apart. At the end, a shale,
in place, fills the interval, but I was unable to determine
whether this had once occupied the entire excavated
space. 'The roof is built entirely of recent

calcareoqs breccia, and the floor is evenly
1 il WA W, spread  with earthy débris.  The

F1G. 46.—Cross-section of the cave in the north end helght of the gallery is uneven,
of the Oquirrh range.

ranging from 2 to 25 feet, and the
length is 275 feet. The breccia of the roof pertains to one beach of the
great series, and the floor is near the level of another. The wonderful
depth of the excavation, in a direction nearly parallel to -the shore, is
explained by the convergence of the straight walls, between which the
waves gained, in their progress, on the principle of the hydraulic ram,
enough velocity to compensate for the loss by friction.

Great Salt Lake and Sevier Lake are separated by a divide, which, in
its lowest part, is not many feet above the level of the latter. When, in
the progress of the great desiccation, this divide was uncovered, and the
two basins were separated, évaporation proceeded less rapidly on one side
than on the other, and for a time there was an outflow across the barrier.
The channel opened by this connecting stream is of such magnitude, and
‘sovperfectly preserved, that it has been appropriately designated by fron-
tiersmen ‘‘the Old River Bed.” ¢ River Bed station,” of the old overland
stage road, is upon its margin. Our lines of survey intersected it at two
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points, seven miles apart, but neither end was examined. In its narrowest
part, where it traverses mountain gravels, its floor is from 200 to 300 yards
across. It has here absolutely ceased to be a drainage line, and deltas of
débris from the adjacent hills stretch completely across it, dividing it into a
series of small playas. Observations upon its altitude at different points
were, unfortunately, not so connected as to determine the direction of its
descent, and we. cannot be certain which of the two lakes was tributary
to the other. It is to be presumed, however, from the fact that Sevier Lake
is now by far the less saline,* that it was the upper of the system, and by
its overflow gave what salt it had then accumulated to Great Salt Lake.

Fossils of the Bonneville group.—The shells found by us in the Bonne-
ville beds are all of modern species, either fresh water or terrestrial. The
specimens in our collections were submitted to Mr. Geo. W. Tryon, jr., for
identification, and the following list is from his notes:

Limnea desidiosa, Say.

Pomatiopsis lustrica, Say.

Amwicola cincinnatiensis, Anth.

Succinea lineata, Binn. ‘

Cypris? -

In all the localities we examined, the specific forms were few—one or
‘two—but individuals were usually abundant. The form most widely dis-
tributed is Limnea desidiosa, and it ranges through the entire series of marls,
from those which rest directly on the older gravel, to those thrown down at
the latest stages of the receding water. The greater portion of the fossil-
iferous beds are calcareous, and not appreciably saline; but at a few of
the more recent localities examined salt was visible as an efflorescence, and
perceptible by taste. In these saline muds were found a few specimens of
L. desidiosa and Pomatiopsis lustrica. At the time of their collection, the
only explanation of their occurrence in such association appeared to be
that, by slow acclimation, they had survived the change from fresh to salt

* Dr. L. D. Gale found in Great Salt Lake water 22.42 per cent. of mineral matter; Dr. O. Loew,
in Sevier Lake water 8.64 per cent. The difference, however, is not so great as these figures would in-
dicate, for the reason that the two tests were separated by an interval of twenty-two years, in which
time the lakes underwent a change. That there is a difference is proved, independently, by a rude
observation on their comparative specific gravity. A bather floats so much higher in Great Salt Lake
as to indicate that its brine is nearly twice as strong.
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water; but some observations, soon after, on the shore of Sevier lake, led
to a different conclusion.

The only tributary to Sevier Lake is the Sevier River, and it has no
outlet. Its water contains 8% per cent. of saline matter. No trees stand
on its shore, nor is it fringed by aquatic plants. Frequent careful exami-
nation of the water along its shore discovered no life, save Artemia, charac-
teristic of all briny lakes, a few larve of insects, and small floating Alye.
Along the highest line reached by the waves were accumulated, just as
upon the shores of Great Salt Lake, the dry ezuvie of the larvee, and, min-
gled with them, we found Alge, numerous dead and univalve shells, small
dead fishes, and beaver-gnawed sticks of willow. There is no reason to
suppose that any of these remains, except the larvze, and perhaps the Alge,
belong to lake. The willows could have come only from the Sevier River.
The fishes appeared to be the young of fresh-water species. And some, at
least, of the shells are known to live in the fresh waters of Utah. It is fair
to assume that the shells, along with the willows and fishes, were floated by
the waters of the lake from the mouth of the river to their present position,
ten or even twenty miles away. Any of these shells that should become
filled with water and sink, in their transit across the lake, would be imbedded
in the saline sediments now accumulating, and offer to some future genera-
tion the same anomaly that we have encountered. The drifted shells in-
clude, (here, too, we are able to give the names on the eminent authority
of Mr. Tryon:)

Limnea desidiosa, Say.

Limnea palustris, Miill.

Physa heterostropha, Say ; and

Carnifex newberryi, Lea.

It is noteworthy that Anodonta oregonensis, abundant in the river, and
too conspicuous to be readily overlooked, was not found on the beach.

In view of these facts, we may safely affirm that the mere presence in
lacustrine deposits of such fluviatile shells as will readily float after the
death of the animal does not prove that such deposits are from fresh water;
and we are led to review carefully our opinion, expressed in the preliminary
report for 1872, that the water of Lake Bonneville was fresh.
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The water of Lake Bonneville.—Considering first the fossils, we note that
one of the species is terrestrial, and must have been introduced from the
shore. Of the remaining eight species, seven are light fresh-water or am-
phibious gasteropoda, the dead shells of which would readily float to great
distances, and may have been introduced by streams. The eighth species
is a minute ostracoid crustacean, so extremely light that it might be carried

— along by even a feeble current. Our data are not sufficiently full to give

great value to merely negative evidence, but we may still note the apparent
absence of so conspicuous a family as the Unionide. In the examination
of localities scattered widely through the basin of the lake, and including
every variety of station, as regards depth of water and slope of bottom,
myriads of gasteropoda were found, but not a single conchifer—and this,
although Anodons are abundant in the fresh water of the region, and the
‘sediments of other ancient lakes of the great basin are characterized by
.bivalves. Dr. J. 8. Newberry found in a deposit from the ancient expanse
of Klamath Lake numerous specimens of Unio; Dr. Jas. Blake reports
Anodonta from ancient lake-deposits in the Queen River Valley, and the
same genus was found by the writer to abound upon the old beach-line of
Owens Lake. While none of these facts in regard to the fossils demand
salinity for their explanation, their bearing is certainly favorable to the idea
that the waters of the lake were not entirely fresh.

The evidence derived from the character of the deposits is, perhaps,
even more vague. The salt which is so prominent a characteristic of the
present Sevier and Great Salt Lakes, and abounds in all the later sediments
of the shrunken ancient lake, is nearly absent from the beds most clearly
associated with the upper beach; and its distribution indicates that Lake
Bonneville, if not perfectly fresh, was at least far less saline than either
Great Salt or Sevier Lake. The deposits which can be definitely associated
with the greatest expanse of water are calcareous, consisting, along the
immediate shore-line, of the tufa already described, and in deeper water of
marls almost entirely made up of crystalline particles. These particles do
not cohere, as we might expect them to do if the crystallization took place
at the bottom of the lake, but are loosely aggregated, as if they had been
formed in the body of the water, and sank to their present position. We
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cannot avoid the inference that, whatever may have been its percentage of
salt, the water was saturated with carbonate of lime.

As we have already remarked, the strong delineation of the upper
beach can hardly be accounted for, save upon the supposition that at that
level there was an outflow which preserved a constant stage of water. The
observations of Professor Marsh and Professor Bradley on the ‘“divide”
between Great Salt Lake basin and the valley of the Snake River, confirm
this view. But, if it be proved that this was so, it by no means follows
that the water of the lake was sufficiently free from saline ingredients to be
denominated fresh. So long as the inflow was greatly in excess of the out-
flow, the water of the lake would retain a great portion of its dissolved
salts. A comparatively slight difference of this sort would suffice to saturate -
the water with calcite, and, if the overflow were comparatively very small,
even a high degree of salinity might be maintained. If we suppose, for
example, that the inflowing streams contained .0001 of carbonate of lime,
and .001 of common salt, and that their volume was fifty times as great as
that of the outlet, the remaining water being removed by evaporation, then
the outflowing water, to maintain an equilibrium by carrying off both lime
and salt, must contain .005 of the former and .05 of the latter, and the
water of the lake would be charged in the same degree. DBut, while this
would be perfectly possible for the salt, the water could not hold so great a
portion of protocarbonate of lime, and all in excess of saturation would be
precipitated in the lake as evaporation progressed. Upon such an hypothesis
the profuse precipitation of calcite would consist with the maintenance of a
constant level of overflow.

In this connection the inquiry is pertinent whether the basin contains
the amount of salt which would have sufficed to render the great lake briny.
The ancient volume was no less than three hundred times greater than that
of Great Salt Lake, (when surveyed by Captain Stansbury,) and the brine
of the latter, so greatly diluted, would give only one-thirteenth of one per
cent. of salt. DBut, if we add to the salt of Great Salt Lake that of Sevier
Lake, and the far greater but indeterminate quantity accumulated in the
sediments of the lower parts of the two deserts, we shall probably have
enough to give Lake Bonneville, if it were undrained, the salinity of the occan.
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In fine, we are led to believe that, while Lake Bonneville certainly held
less salt than do its modern representatives, its recorded phenomena com-
prise no fact that places it definitely among either fresh or salt lakes.

The lake we have studied was but one of a group. Vestiges of a
similar flood have been found, by various observers, in many of the valleys
of the Great Basin, and it is probable that all of the minor basins of which
it is composed were partially, or wholly, filled with water. In the list of
those which overflowed, may probably be included all of the northern tier,
bordering on the present drainage system of the Columbia River, and those
which, lying at the feet of the Wahsatch range and the Sierra Nevada,
received the streams from those mountains. What we know of the Death
Valley and other southwesterly basins, tends to show that they were not
entirely filled.

Of the interesting group of lakes that along the base of the Sierra
Nevada survive the general desiccation, our route touched but one, and that
the most southerly. Owens Lake lies in a trough between the Sierra Nevada
at the west, and the Inyo and Coso ranges at the east, and receives its water
from Owens River, which, rising seventy miles at the north, follows the
trough, and accumulates the streams from the adjacent mountains. It now
contains a strong brine, and is without outlet, but it is surrounded by ancient
beaches, and in the sands of the most elevated of these are abundant speci-
mens of Anode, testifying to its former.freshness. Its ancient area did not
exceed its modern by more than one or two times, and the channel through
which its surplus discharged is distinctly marked. Following the channel
southward for forty miles, past Hawee Meadow and Little Owens Lake, we
found it ending in a broad desert valley, that stretches eastward from

Walker’s Pass and Indian Wells. From this the water probably had no
escape. Our line of march compassed the southern margin of the desert,
without the discovery of a channel through which it had found outlet.

Résumé—The following are my principal conclusions:

1. The general glaciation of the Eastern United States had no counter-
part, in the same latitudes, over the region extending from the Rocky
Mountains to the Sierra Nevada, inclusive.

II. There were in that region local glaciers high upon the flanks of
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the mountains, the most southerly of which did not exteid lower than an
altitude of 8,000 feet above the sea.

III. There was a general accession of water to the valleys of the Great
Basin. Lakes were formed where now are only deserts, and valleys, now
nearly empty, were filled to overflowing.

The flooding of the valleys is correlated in time with the formation of
glaciers upon the mountain summits, on the same principle on which the
different local floods are correlated with each other, the local glaciers with
each other, the glaciers of the East with those of the West, and those of
America with those of Europe, namely, that the phenomena were of the
same class and occurred in the same division of geological time. Each took
place during the Post-tertiary, and each marked a climatal change of polar
tendency.

IV. The phenomena of the Glacial epoch at the West differed from
the synchronous phenomena in the same latitudes at the East, for the reason
that then, as now, the former region was comparatively arid, and material
was lacking for a great ice-field. The configuration of continents was not
so far different, from the present, but that the principal climatal districts were
marked out, and the great flexures of the lines limiting zones of climate were
arranged very much as we now know them.




CHAPTER 1IV.

WATER SUPPLY,
SPRINGS-—STREAMS—LAKES—ARTESIAN WELLS.

We have here collocated a few groups of facts, connected by the com-
mon element of water, but otherwise so little associated that, but for the
meagerness of our data, they would be deemed worthy of separate chap-
ters.

The dependence of the agriculture of the Great Basin and adjacent
regions upon irrigation, gives great interest to the subject of water supply.
There has been a great deal of speculation upon possible changes of climate
to transpire, or now transpiring, through the influence of irrigation, and
upon the possible increase of water supply by means of artesian wells. Of
the latter we shall have occasion to speak further on. A

The rise of water of Great Salt Lake ever since, or nearly ever since,
the occupancy of the neighboring country by Mormon settlers, has sug-
gested to many people the possibility that the change of level is produced
by irrigation and agriculture. The working of large tracts, which had
formerly been dry and heated, might, it was surmised, be inducing a per-
manent change toward humidity, and the wish has been father to the
thought, that this might extend so far as to enable the reclamation to agri-
culture of a large portion of our desert territory. There can be no ques-
tion that the rise of the lake has occurred, nor can it be questioned that
this rise indicates an increase of rain-fall as compared to evaporation;
indeed, the lake tide is a most delicate indicator of the fluctuation of the
annual climatal means. But I am disposed to doubt the possibility of con-
necting the change with the synchronous cultivation of the soil. While it
may be true that large areas of land brought under cultivation are cooler
than desert surfaces, and hence better able to induce rain-fall from currents
of moist air, it is equally true that the coolness is due entirely to the in-
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crease of evaporation, brought about by the wide distribution of water in
irrigation, and there seems no reason to believe that the result in precipita-
tion shall exceed, if indeed it can equal, the expenditure in evaporation.

Recent discussions of our meteorological record at the East, have shown
the popular belief in the influence of the cultivation of the soil upon the
annual rain-fall to be unfounded, and in Utah—at least until we shall be
able to reason from a broader basis of facts—it will be easier to suppose
that the rise of the lake is due to a fluctuation of climate, within limits that
_ our observation does not comprehend, rather than to a permanent change,
induced by the comparatively slight modifications that agriculture has made
on the face of the country. Taking the broadest view, the humidity of the
Great Basin depends on air cyrrents that completely traverse it; and nothing
will augment it, that does not either increase the moisture of the incoming
air currents, or decrease that of the outgoing. :

Streams.—The water that comes from the clouds as rain, or flows from
melting snow, gives rise to a double circulation. One part descends over
the surface of the ground, in the form of rill, brook, and river, to whatever
depression is its bourne, and another part, sinking in the earth, descends, by
slow percolation, through soil and porous rock, until it reaches the same
goal, or until, by some impenetrable barrier, it is crowded once more to the
surface. Every bed of sand and gravel, and every porous stratum, while it
is a reservoir in so far as it retards the stream, is a water-course in that it lets
it pass. The phenomena of springs and wells have everywhere familiarized-
us with this underground circulation, but its manifestations are peculiarly
impressive in the arid West, where precipitation is so small, and evaporation
so great, that the superficial circulation is rarely conspicuous, and often is
not perennial. It is a peculiarity of the streams of desert countries, that
they do not flow constantly over the surface, but alternately rise and sink,
appear and disappear. ’

In a varied valley, which is alternately broad and narrow, deep and
shallow, of rapid and of slow descent, the flood of gravelly detritus that is
slowly carried. forward by the agency of the stream, behaves, in many
respects, in the same manner as the stream. It acquires width and depth
and a surface of slow descent, where the valley is open, and contracts and
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thins where the valley is narrow. The associated stream of water at its
flood-stage fills a channel upon the surface of the detritus, and is its moving
agent, but at its low, or usual state is in part absorbed, and, where the
gravelly deposits are broad and deep, sinks entirely below the surface, and
creeping along the rock bed of the valley, re-appears only in narrow and
shallow places, where the mass of gravel is not sufficient to contain it.
As a rule, the minor water-courses of the Great Basin contain a perennial
stream only where their channels pass through narrow canons, and are dry
in broad, open valleys. Streams which rise in mountain gorges are peren-
nial so far as they flow upon rock in place, but so soon as they reach the
detrital foot-slope of the mountain, sink* out of sight, sometimes to re-appear,
where some ledge interrupts their progress at a lower level, but more often
to evaporate, without ever returning, as running water, to the surface. As
there are subterranean rivers, so,under the playas of deserts,there are subter-
ranean lakes, whose surfaces, though spread beneath the ground, are, never-
theless, reached by permeating air, and serve as areas for evaporation, just
as do the surfaces of superficial lakes. The evaporating surfaces of such an
underground lake must be multiplied, by capillary action, to many times its
horizontal area, and the rapidity of its evaporation can depend only on the
freedom of the interstitial circulation of air, and the air’s capacity for moist-
ure. That such evaporation is sufficiently rapid to constitute an important
element in the meteorological history of the country, is sufficiently evinced
by the fact that numerous shut valleys are relieved of their entire ordinary
supply of moisture in this way. :

Some cognate features of littoral evaporation are both curious and in-
structive. The sandy margins of some rivers and lakes in the arid region—
bars and beaches accumulated by the adjacent water—are far more saline
than the water. The water of the Colorado River, for example, carries so
little salt that it is perfectly palatable. But, while camping in the Black

*The word “sink,” as apptied to streams, has two colloquial uses on the desert. Its ordinary and
legitimate use, as a verb, refers to the disappearance of a stream from the surface by absorption, but its
familiar use as a noun, arose from a fallacy, fortunately far less prevalent now than the use of the term.
The lake, pond, or marsh, in which a stream ends, and from which its water is cvaporated, is viciously
entitled the “sink” of the stream. *“The Sink of the Humboldt,” ¢ The Sink of the Sevier,” “The Sink
of Chalk Creek.” are misnomers of this class.
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Caiion, and in the lower part of the Grand Cafion, it was our custom, in
order to avoid the fine mud with which the running water was charged, to
dig shallow wells in the sand, close to the water’s edge, and the water
obtained from these wells—and which was merely the river water filtered
through the sand—we found always saline, often in such degree as to pre-
vent its use. I conceive that the sand, kept moist below by the percolation
from the river, and rapidly dried from above, had stored up the saline con-
stituents of the water which evaporated within its body, so as to produce
the results we observed.

_ Very similar facts were noted on the shore of Sevier Lake. The brine
of that lake, though three times as strong as that of the ocean, is far from
saturation, and, in the laboratory, must be reduced to one-third or one-
fourth of its volume before precipitation of common salt will begin. Never-
theless the sand of its beach is highly saline, a deposition having commenced
long before the attainment of a condition of saturation. I am persuaded
that in this case, as in the other, there is, within the porous earth of the
shore, a slow circulation shoreward, by reason of which the salt of the lake
is conveyed into the sand, just as the salt of the river is conveyed into the
lake. In humid regions, where the rain-fall keeps the soil saturated nearly
to the surface, the subterranean circulation would be directed lakeward, in-
stead of shoreward, and lakes would gain, rather than lose, water by per-
colation. That this is the fact is shown wherever fresh water is obtained
by wells sunk near the ocean and below its level.

Springs.—The name of spring is often given to the issuing or re-issuing
of a stream that has been following its valley through the alluvial deposits,
but is more properly applied to the outflow of water that has previously run
or percolated only through the crevices or pores of rocks in place.

In plateau regions, the springs, in common with all the other physical
features, depend on the succession and dip of the strata. Porous beds over-
lying imporous are water-bearing, and they discharge from the line of con-
tact at its lowest exposure. In the case of a mesa composed of strata with
a gentle dip, one side being mural and the other gently inclined, springs
appear most commonly in embayments of the mural side, and, as this is the
prevailing structure of the plateaus, the majority of springs in such regions
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are found under escarpments. Nevertheless they are not entirely wanting
on the dip sides of inclined tables, and the streams of these slopes are,
during rains, more copious than those of the steeper and narrower sides.

The rain which falls on such tables is divided into portions, that flow
in opposite directions, and often to far distant goals. What penetrates, de-
scends to some retaining stratum, and thus finds egress on the face of the
escarpment, while the remainder follows the inclination of the upper strata’
to the opposite edge of the table. In this way the water which runs off
from the plateau edge of the Sevier Basin, finds its way into the Sevier
River, and is evaporated in the Great Basin, while that which sinks into
the ground near the edge of the plateau, re-appears, along the escarpments
facing to the south and east, in springs tributary to the Virgin, Paria, Dirty
Devil, and other branches of the Colorado of the West. The surface drain-
age of the San Francisco Plateau is northward to the Colorado and Colo-
rado Chiquito; but a share of its subterranean drainage goes southward, and
gives rise to the Verde and other tributaries of the Gila.

In the region of the Basin Ranges, the conditions which control the
distribution of springs are complex. The universal shattering of the rocks
prevents the distribution of subterranean water according merely to the
arrangement of pervious and impervious strata, and springs more commonly
issue through crevices, from sources whose direction and distance cannot be
determined. 'The phenomena, in both regions, are complicated by the
presence of volcanic rocks, the stratification of which, when it exists, is less
regular than that of detrital rocks. In some instances, the whole drainage-
system has been turned aside by lava streams, while, in others, the lava
floods have covered water-courses without damming them, so that copious
streams issue from beneath their edges.

Virgin Salt Well—Near the confluence of the Rio Virgen with the
Colorado, is a curious natural well. Lieutenant Wheeler first visited it in
1869, and mentions it in his report of that year’s reconnaissance. T'wo years
later, I was enabled to examine it with him. In a smooth, gravelly plain,
sloping gently to the Colorado River, is a round, funnel-shaped, or crater-
like opening, nearly 300 feet across at top. None of the shallow arroyos of
the plain lead to it or from it. The sides are of unconsolidated detritus,
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horizontally bedded, the upper 35 fect being of half sorted gravel and
sand, and the lower 15 of saline sand showing a slight efflorescence. At 50
feet below the plain, is a water surface about 120 feet across, and beneath

. FiGc. 47.—8alt well at the mouth of the Virgin River.

this the slope of the bottom could be seen, continuous with that of the bank,
for 15 or 20 feet. The water is too saline for drinking, and I detected no
motion in it. A few hundred yards away, the plain terminates in a bluff
facing the river, and under the bluff, at the contact of the sand and under-
lying rock—a lava—is a line of springs, the altitude of which cannot be far
different from that of the water in the well.

FIG 48.—Section of salt well at the mouth of the Virgin River.

The Devils Hole is near the eastern base of the House Range, Utah,
and about ten miles south of Fish Spring. Like the Virgin well, it inter-
rupts a smooth plain, and is circular. Its depth, to the water, is 15 feet, and
the width of water is 15 feet. Above the water, the earth rises with a steep
slope, and beneath, is vertical for a few feet, and then overhanging, (see
Fig. 49.) The bottom was not visible. The water was brackish, and a

et e

F1G. 49.—Section Devil’s Hole.

yoast-like scum partly covered the surface.
There is no evidence that either of these wells ever overflowed. The
water-ways that would mark outflow are not to be found. The waters are
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not thermal, nor are there any marks of geyser action. The openings ap-
pear to be due to the undermining action of subterranean currents, flowing
in channels sufficiently open to permit the removal of even coarse detritus,
and the salinity of the water suggests that these channels may have been
opened by the solution of deposits of salt. '

In the reports of Drs. Loew and Hoffman will be found notice of hot and
mineral springs, and in treating of volcanic phenomena we shall have occasion
to mention, besides hot springs, some supposed geysers of Southern Utah.

Lakes—The lakes that were examined by our parties gave little occa-
sion for doubt as to their origin. The most important of them may be
called lakes of corrugation. The disturbances which give rise to mount-
ains produce at the same time valleys, which are their antitheses; and as
there are peaks higher than all their surroundings, so there are valleys com-
pletely inclosed by rocky rims. Where the erosion is sufficiently rapid, it
may keep pace with the wrinkling of the surface, and either accomplish a
complete drainage of these valleys, or so fill them with detritus from the
surrounding ridges that no lakes shall be formed. In the Great Basin,
partly by reason of the aridity of the climate that has characterized the
region for a long period, there have resulted a great number of cups that
have never been completely drained. The majority of these are now desert
troughs, with playas in their lowest parts, and hold water only during a brief
portion of the year; but others contain permanent lakes. The greatest of
these, and one which may serve as a type, is Great Salt Lake. It occupies
portions of three parallel troughs of the Range System, and is limited, north
and south, by broad waves of the earth’s crust, which intersect the meridi-
onal system of upheavals at right angles, (see Chapter on Orology.) Sevier
Lake is in precisely the same case, save that it occupies but a single one of
the trough-like valleys. Utah Lake lies in a portion of the most easterly

- of the Great Salt Lake troughs, and its valley is separated from that of the
Lower Jordan by spurs from the adjacent ranges, which, while they do not
meet, apporoach so near that their gravel slopes intersect and afford an
effectual dam. Owens Lake, in Southern California, lies in the narrow val-
ley between the Sierra Nevada and the Inyo range, and occupies a depres-
sion exceptional to the general slope, which is southward. It is not improb-
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able that volcanic outflows have assisted in maintaining the southern bar-
rier. Little Salt Lake in Southwestern Utah is similarly contained in a north
‘and south trough. Stockton Lake in Rush Valley, and an unnamed pond
in Cedar Valley, are to be assigned to the same cause, but cannot be called
permanent lakes.

In some instances, the retaining dams are merely accumulations of gravel,
poured out from the larger cafions of the adjacent mountains, and would
quickly be cut through if the climate of the country were somewhat more
humid. Rush Lake, in Southern Utah, Beaver Lake, a small expansion of
Beaver Creek, near the North Star mining-district in Utah, and Pahranagat
Lake, from which evaporate the waters of the Hyko Springs, are of this
character. Little Owens Lake occupies a portion of the ancient channel by
which Owens Lake overflowed to the south, and is held in check by a dam
of gravel thrown across the channel by an_ intermittent stream from the

&

Coso range. .

Another group of lakes is directly connected with voleanic phenomena.
‘“ Mountain Lakelet,” near the divide between the Sevier and Virgin Rivers,
lies in a valley of erosion, between limestone walls, and is retained by fresh
lava streams, which have filled the lower portion of the eroded valley.
Panquitch Lake, in the same neighborhood, is believed by Lieutenant
Wheeler, who visited it, to be a phenomenon of the same character. The
“sink” of Chalk Creek, on the edge of the Sevier Desert, is a brackish
pond, that appears to have been partitioned off by a fresh stream of basalt,
and with it may probably be classed Spring Lake, which lies near the foot
of Pah-van Butte, in the same desert. At the foot of San Francisco Mount-
ain, Arizona, a small crater of basaltic scoria, with rim entire, contains a
pond a few rods in diameter; and a water-pocket near Fillmore, Utah, is an
accumulation of rain in the flue of an extinct crater. A description of the
latter will be found in the Chapter on Volcanic Rocks.

A third class of lakes is of glacial origin, being retained by terminal
moraines. Fish Lake, the most considerable of these, was examined by Mr.
Howell, and a description of it will be found in his report. Of this character
are the lakelets near Wheeler's Peak, Nevada, and that which lies at the
foot of Belknap and Old Baldy Peaks, in Utah.
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I have enumerated only those lakes which were examined by members

of our expeditions in 1871 and 1872, and which now exist as such during
all or the greater portion of the time. All through the region of the Basin
Ranges are the vestiges of lakes, which have disappeared by evaporation,
or by the cutting of their barriers. The greater number would fall
within the first named group, but many belong to the volcanic and glacial
classes. :
The charagter of lake water, whether salt or fresh, depends chiefly, though
not entirely, upon the question of outlet. Utah, Panquitch,and Beaver Lakes,
and all of the glacial lakelets, overflow and are fresh. ‘“Mountain Lakelet,”
which is nearly fresh, has no visible outlet, and its shores show that its level
fluctuates. Its highest beach-line is so strongly marked as to suggest that, at
that level, its water finds outlet through the shattered lava stream that con-
stitutes its lower barrier. The pond in which Chalk Creek terminates is
but slightly brackish, and may have a subterranean ofitlet. The ponds
found in craters are fresh, by reason, perhaps, of the restricted areas from
which they can derive soluble minerals. The Cedar Valley and Stockton
ponds, -although they receive the drainage from considerable areas, are said
to contain drinkable water; but their conditions are exceptional. The
former is chiefly supplied by a stream that is completely consumed during
the summer by irrigation, and it is evaporated to dryness nearly every sea-
son. The latter has come into existence since the settlement of the country,
and covers a tract that was at one time set apart by the Government as a
hay reservation. It apparently owes its origin, or at least its resuscitation,
to the same general change of climate which has caused the contempora-
neous rise of Great Salt Lake.* The anomalous freshness of these waters
is doubtless connected with their peculiar intermittence, but in what manner
I am at a loss to conjecture. .

With these exceptions, the undrained lakes of our list are saline. The
waters of Great Salt, Sevier, Rush, and Owens Lakes are heavily charged
with mineral matter. We are able to give analyses of but two of these
brines. That of Great Salt Lake, obtained by Captain Howard Stansbury, -

* The information presented in regard to the Cedar Valley pond was gathered by Mr. E.-E. How-
ell; that in regard to Stockton Lake by Mr. Lounis Nell, of the topographical corps.

8 ws




114 GEOLOGY.

in 1850, was analyzed by Dr. L. D. Gale.* The brine of Sevier Lake was
collected by Lieut. R. L. Hoxie, in 1872, at a point on the west shore, re-
mote from the inflow, and has been analyzed by Dr. O. Loew.

Brine of Sevier Brine of Great

Lake, (O.| Salt Lake,

Loew.) (L.D. Gale.)
Chlorid of SOGIUM . e ven e iiecee i ceae e eiec e eiie e caeaas 6.23 20. 196
Sulphate 0f $0da +eaeeeanenvaeecancaaiacanns P 1.34 1.834
Chlorid of MAZNESIUM +uvvusvecmnnsanescarenceanesncasacesaccansanans 1.03 0.252

Sulphate of lIMe ..o cnrniiet ceeeae e ie et cceec i eeeee e 0,04  |ieeceieiiaaan.

Chlorid of CalCitm. e veee s vmeeccacer cacentceaemece caeetieceectancnalinomas ocennns Trace.

Total in 100 parts Of Water «uoeeevecace ceeeeeieecetiacace caeeeanas 8.64 22.282

The areas draining to these lakes are of very similar character, and it
is not surprising that the brines should be qualitatively identical. The sul-
phate of lime in one case need not be distinguished from the chlorid of cal-
cium in the other, as the difference is merely one of interpretation by the
analysts. The brine of Great Salt Lake is economically superior to that of
Sevier Lake, not merely in its greater strength, but in the less relative per-
centage of sulphate of soda and chlorid of magnesium. In comparing the
two waters, some allowance must be made for the difference of date in the
collection of the samples. The levels of the lakes and their volumes undergo
fluctuations, which must affect the percentage of mineral matter in their
waters. While the tributary streams are flooded by the melting snows, the
waters rise, and during the remainder of the year subside; and besides this
annual oscillation is the still greater one dependent upon slow moving
changes of climate. If Sevier Lake has undergone the same fluctuations as
Great Salt Lake, and,since the areas they drain are similar and contiguous,
it is extremely probable, its volume must have been less and its brine
stronger in 1850 than at the time it was sampled. The best data we have
in regard to the rise of Great Salt Lake in the interval place it at 10 or 12
feet. The soundings made by Captain Stansbury in 1850 indicate a mean
depth of about 13 feet, and the shores of the lake shelve so gradually that a

* Exploration and Survey of the Valley of the Great Salt Lake of Utah, p. 417.
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rise of this amount would suffice to more than double its volume. In
ignorance of the configuration of the bottom of Sevier Lake, we cannot tell
what relation maintained between the increase of its surface and of its vol-
ume; but if it expanded in sympathy with Great Salt Lake, its brine must
now be more dilute than formerly.*

In a general way, we must regard Great *Salt Lake as saturated with
chlorid of sodium; that is to say, whenever, in the irregular rise and fall of
its level, depending upon the varying seasons, its volume reaches a mini-
mum, there is a precipitation of salt. This was observed by Captain Fré-
mont in 1845, and may take place, even at the present day, upon its west-
ern shoals, at times when the water is not sufficiently stirred by the wind to
prevent local concentration by evaporation.

Artesian Wells—The principle upon which artesian wells depend is a
simple one, and the conditions essential to successful search for them are
few. The well, and the stream which supplies it, are always equivalent to
a bent tube, or inverted siphon, filled with water, in the longer leg, to a
height greater than the top of the shorter. The well is the shorter leg; the
natural conduit, tapped by the well, the longer. The natural conditions
upon. which the possibility of artesian supply depends are, firstly, that of a
series of inclined strata, one, so porous as to permit the circulation of water,
shall be contained between others comparatively or absolutely impervious;
secondly, that these strata shall somewhere rise to a height greater than that
of the point at which the discharge is sought; and, thirdly, that the free dis-
charge of the subterranean water shall be checked in other directions. It
is not essential that the reservoir shall be completely closed at all sides lower
than the-position of the well, but merely that the flow of water shall be so
far impeded in such directions that the pressure from the ‘head may suffice
to raise it to the desired altitude.

In the region of our explorations, these conditions are best fulfilled
within the limits of the Plateau system. The strata which compose the
plateans are unbroken over large areas, and they are more or less inclined,
so as to expose their edges in elevated regions. All along the west side of

*According to Mr. H. 8. Poole, the lake brine is found less productive of salt than formerly, in the
ratio of 3 to 7. Article on “ The Great American Desert,” in Proc. Nova Scotia Inst. Nat. 8ei., vol. iii.
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the Sevier Valley, from Monroe nearly to Gunnison, it is probable that an
artesian water-supply might be obtained. Throughout that line, the Ter-
tiary strata are gently inclined toward the valley, and present, upon the
summit and western face of the Pah-vant range, faces adequate for the
accumulation of water from rain and snow. Farther south, in the same val-
ley, at Panquitch, and thence twenty or twenty-five miles up the Sevier, the
conditions are similar; and, in the next parallel valley at the east, it is prob-
able that the same favorable relations can be found. To the south of the
great Tertiary escarpment which limits the Sevier basin, the country is
intersected by cafions, which drain the strata at so low a level that it is
improbable that a free discharge could be obtained from deep wells; and, in
the neighborhood of the deep canons of the Colorado, the thorough under-
* drainage which they effect would be sure to negative any search for arte-
sian water. The same under-drainage would affect, also, the entire San
Francisco plateau to the south of the Grand Cation of the Colorado.

In the region of the Basin ranges, the sedimentary rocks are too little
continuous to warrant their exploration for artesian water. It is not impos-
sible that it may be obtained in some localities; but too great uncertainty
-would attend the experiment to give it practical warrant. On the other
hand, it is probable that water might be obtained from the valley deposits
within the area of the ranges. We know too little of these deposits to be
certain that they contain continuous and impervious beds; butif the alterna-
tions of climate that characterized the Glacial epoch was a repetition of
anterior fluctuations, it would indeed be strange if they did not give rise
in many places to alternations of gravels and clays in such way as to con-
stitute reservoirs that might be economically tapped. The best. localities
to search for such reservoirs would be found in the broader valleys. In the
narrower, we may expect that the deposits close to the flanks of the mount-
ains have always been more or less open, and that clay beds, if they exist,
are not sufficiently elevated at their margins to retain water at an adequate
height. In shut valleys, such as those of Great Salt Lake Desert and
Sevier Desert, a supply of water, if obtained, would be almost certain to
contain too much mineral impurity to be fit for use; but in others, such as
Ralston Desert and Amargosa Desert, which we may suppose to have sub-




WATER SUPPLY. 117

terranean drainage, it is by no means improbable that a supply of good
water may sometimes be brought to the surface.

It is to be regretted that the localities which afford the best prospect of
a supply are not those which stand in greatest need of it. The valleys of
the Plateau region, for the most part, lie at such an altitude that they
receive considerable rain-fall, and are better supplied with streams and
springs than are the valleys, or even the mountains, of the Basin region.
In the latter country, where agriculture can, at best, never become of great
importance, and where the principal demand for water is in connection with
the ore deposits along mountain ridges, it will be found difficult, and in
most cases impossible, upon the mountains to increase the supply already
afforded at the surface.



CHAPTER V.

VOLCANIC ROCKS AND MOUNTAINS.

LOCALITIES OF THERMAL SPRINGS IN THE UNITED STATES.

At the time of the preparation of this chapter, there is in progress the
most active and wide-spread discussion of the whole subject of vulcanicity.
Every month brings new contributions to its literature, and speculation and
research are reacting with reciprocal stimulation. A chief center of interest
is the problem of the source and cause of igneous eruptions, and with it are
involved such other questions as the origin of mountain corrugation, and
of the elevation and depression of continental areas; the mode and condi-
tions of metamorphism ; the relations in time and depth of the plutonic and
volcanic rocks; the relations in time and space of the acidic and basic
eruptive rocks. It is my purpose to make no theoretical contribution in
this place to any of these topics, but merely to present such facts as have
come under my observation, with occasionally a brief statement of their
relation to the problems of the day.

Distribution of lavas.—No province of the mountain region west of the
Plains has been exempt from volcanic eruption, and hardly a mountain-
ridge is composed entirely without lavas. But while the distribution of
volcanic rocks in general is thus well-nigh universal, there are distinctions
worthy of note in the manner of arrangement in different districts, as well
as in the comparative prevalence of the different species of lava. The
physical provinces that we have characterized in a former chapter as the
Basin Ranges and the Plateaus, as they are contrasted in all other charac-
ters, are measurably distinct also in their volcanic manifestations. In the
former province, there is a linear arrangement of vents in trends coincident
with, or parallel to, the axes of corrugation, and the acidic lavas predominate.
In the latter, vents are grouped without evident linéar system, and the basic

lavas assume greater prominence.
118
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The material gathered in the Basin region is most readily presented
according to mountain ranges, and these will be taken up in such order that
those of Southwestern Utah will be followed successively by those examined ,
in Nevada, California, and Arizona.

There -are no considerable extruded masses upon the Oquirrh range;
but there were seen, at the head of Middle Cafion and upon Lion Hill, upon
the crests, that is, of its two principal anticlinal folds, a number of trachytic
dikes walled by Carboniferous limestone. The principal mass and the north
end of the Lake range are without lavas; but Mr. Howell found a sheet of
basalt covering the southern extremity. Lieutenant Marshall observed
rhyolite in great force on the crest and eastern slope of the Tintic range.
The Champlin Mountains were seen only along the Cherry Creek Pass, in
which part the Paleozoic axis is almost completely buried by sheets of rhyo-
lite and rhyolitic tuff; and the same belt of eruption appears to be prolonged
to the southwest, interrupting the northern margin of the Sevier Desert with
a series of lava hills. Volcanic rocks were seen in the Stansbury range at
one place only. From Grantville southward to the head of Tooele Valley,
Mr. Howell found a line of trachytic and doleritic eruptions along the east-
ern base of the ridge, under the escarpment of Paleozoic strata that there
faces Tooele Valley, (see Fig. 97.) The same observer found basalt and
trachyte in force at the south end of the Cedar range, in which vicinity the
latter rock constitutes the highest peak ; but farther north the lavas appeared
in the foot-hills only. No volcanic rocks were seen about Granite: Mount-
ain; but the Thomas range, of which it is an outlier, is buried (except the
eastern base) for several miles south of Dug Way Pass by a flood of tra-
chyte. The principal mass of the eruption is of a light vesicular variety,
which rapidly disintegrates, and it appears to have been greatly reduced by
erosion; but one of its summits, a tabular peak, is still the loftiest point of
the vicinity, and probably of the range. Immediately west of this part of
the range, and parallel to it, are two short monoclinal limestone ridges, each
of which is flanked at the west by a mass of basic lava. No lava was seen
on the House range, although it was scanned from one side or the other
for a distance of eighty miles. There has been a small outflow of rhyolite
near its eastern base on the shore of Sevier Lake, and a line of basaltic
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hills trends parallel to the range just west of its northern member. In like
manner, the Confusion range at the west of the House, and the Beaver
- Creek at the east, show no conspicuous eruptions. A small rhyolite flow
was observed at the western base of the former, and a few basalt hills at the
northern extremity of the latter. Small outflows of basalt and trachyte
were seen in a valley of the Picacho range, two or three miles west of the
town of Shenandoah. A great area in the southwestern poftion of the Sevier
Desert is floored, partly above and partly below the surface of the desert-
sand, by basaltic sheets, and they are accompanied in the vicinity of Fill-
more by an interesting group of tuff and cinder cones, of which further
mention will be made. At the north, the excavation of the ¢ old river-bed”
has laid bare one edge of a similar basalt sheet, and it is not improbable
that a large portion of the plain is similarly underlaid. At White Mountain
Station of the Fillmore and Pioche stage-road, the basalt of the desert rests
against'a small island of trachyte, that is probably the crest of a range
buried by the desert detritus. A little farther south, in the interval between
the Beaver and Beaver Creek ranges, are massive eruptions of similar rock,
overlapped to the south and southwest by the broad basalt flow, from the
margin of which breaks Black Rock Spring. The Pah-vantrangeis, so far
as I am aware, non-volcanic ; but its immediate southward prolongation, the
Beaver range, is, at surface, almost completely rhyolitic. A nucleus of sed-
imentary and plutonic rocks is exposed at a few points, and a few patches
of basalt occur at the eastern and western bases; but the great mass of the
range—and its top rises from five to six thousand feet above Beaver Valley—
is of rhyolite. Between the Beaver and Mineral ranges, but nearer to the
latter, there is, at the north end of the Upper Beaver Valley, a lava cone of
considerable magnitude, from which streams of basalt have overrun the
head of the valley. The Mineral range elsewhere has very little volcanic
material ; the only locality noted being at the south end, near Adamsville,
where, at the foot of the mountain, are inconspicuous eruptions of trachyte
and basalt. Mr. Howell, in passing the south ends of the Hawawah and
Needle ranges, saw only volcanic rocks; rhyolite, with minor areas of
basalt. The spur which stretches westward from the Beaver range, and
separates Beaver and Parowan valleys, is reported trachytic by Mr. Howell,
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and the same character is continued for twenty miles southwestward in the
mountains facing Escalante Valley. The Pine Valley mountains were found
by him to be capped by trachyte of great depth, and flanked at the east, -
south, and west by streams and cones of basalt. In the Bull Valley Mount-
ains and associated ridges at the northeast, he saw only trachyte and rhyo-
lite, except at Iron City, where the underlying sedimentary beds are ex- -
posed. The Virgin range at the points examined by Messrs. Marvine and
Howell is not volcanic; but Mr. Marvine observed basaltic outflows along
its eastern base in the vicinity of the Grand Wash.

In Nevada, the eruptions have been even more profuse than in Western
Utah, and over large areas have buried all other rock masses. Throughout
the region traversed by the expedition north of the Central Pacific Railroad,
from Carlin to the Bull Run mining-district, and thence to Battle Mountain,
the high,rolling uplands are volcanic, and other rocks, although constituting
the highest summits, are exceptional and insular. The prevalent lavas are
acidic—rhyolite and trachyte—and basalt, where it occurs, has an outlying
or fringing position. The region abounds in secluded valleys, partitioned
by the irregular outburst and outflow of the lavas, and is so well watered
that these have all been opened by erosion. The streams, in consequence,
traverse a quick succession of cafions and open valleys.

The Shoshone range, where crossed by Reese River, is rhyolitic, and,
although cut to its base, shows no sedimentary axis. The Toyabe range
has been described by Mr. 8. F. Emmons as flanked by lava at several
points. The Toquima range, south of Jefferson Pass, is built of granite
and Paleozoic strata, but to the north has been completely overrun by
rhyolite. A little basalt was seen on Jefferson Creek. The Monitor range,
as seen from Belmont, has the characteristic habit of the acidic lavas; and
in twenty miles of its length, examined farther south, these rocks only were
seen, save that a single spur of metamorphic rock, at its western margin,
faces Ralston Valley. Where I crossed the Hot Creek range, the only point
at which I touched it, it is identical in character with the Monitor, and the
nearest point I could recognize as other than volcanic was T'ybo Peak, ten
miles to the north. The same characters seem to be continued southward,
in its prolongation, the Kawich. Between the Hot Creek and Monitor
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ridges, a parallel line of low rhyolite hills divides the valley. The Pancake
range derives its homely but expressive title from the low conoid profile
due to its constitution. The profuse eruptions that have escaped along its

Fi16. 50.—A portion of the Reveille range as seen from Timpahute Peak, Nevada.

southern gate of which is Quinn Cafion.

axis, not sufficiently viscous to
build—as in the Monitor and Ka-
wich ranges—steep-sided ribs and
bosses, have spread in every direc-
tion from the line of outburst, pro-
ducing low, gently-curved forms,
of which the only steep acclivities
are produced by erosion. The
Reveille range, which continues
the same structure line southward,
is chiefly built of massive rhyolite,
flanked by rhyolite tuff and basalt,
but exhibits, at the mining-camp
of Reveille, a small island of Pale-
ozoic rocks. We did not follow it
south from that point; but the
portion west from, and overlooked
by, Timpahute Peak has all the
features of the Pancake range,

~ (see Fig. 50.) Still farther south,

at what may be regarded as the
end of the range, it is still vol-
canic, consisting of rhyolite and
rhyolite tuff. The Quinn Cafion
range consists of two parallel mas-
sive eruptions of rhyolite, six or
seven miles apart, and inclosing
a north and south valley, at the

Mount Worthington is an insular

mass of Paleozoic rocks, but has voleanic (rhyolitic ?) foot-hills at the north
and south and along part of its eastern base.
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The Snake range is nearly free from volcanic rocks. There was
probably a small rhyolitic eruption at the north end near the Clifton mining-
district, and, at the pass between Kern Mountain and Go-si-ute Mountain, a
spur of trachyte from the Antelope range west of it was seen by Mr. Howell
to touch the range. The west side of Deep Creek valley and the low ridge
known as the Antelope range showed us only trachyte and associated tuffs.
The Schell Creek range is in the same vicinity—the vicinity of Schell-
bourne—overrun by trachyte and rhyolite, but not so completely as to
entirely conceal the axial rocks. Southward, to Ruby Hill, its proportion
of eruptive rocks diminishes, and none were seen beyond. The Ely range,
which continues the same line of uplift to the south, was examined from
Pioche northward by Mr. Howell, and found to be chiefly sedimentary, but
flanked on the east in one place by trachyte.

The Pahroc range, where intersected by the road from Hyko to Pioche,
is of trachyte, and, so far as could be judged from distant views, is volcanic
for a number of miles both to the north and to the south. The Hyko range
is a low ridge of limestone, accompanied by a few small bodies of trachyte.
The Pahranagat, constituted chiefly of limestone, has one large eruption of
rhyolite at its north end, where its strata dip below the general plain, and
another at Logan Pass, where, at a cross-fault, the structure of the mount-
ain is radically changed. Timpahute Peak is the culminating point of a
massive eruption, which occurs at a similar change of structure in the paral-
lel Timpahute range, and the intervening valley is interrupted by a line of
voleanic hills. ‘

The Belted Mountain range shows near White Bluff spring, and for sev-
eral miles southward, an axis of quartzite; but its principal mass is of rhyolite
and trachyte. Along the eastern front, these are of inflated and tuffaceous
varieties; and, just north of White Bluff spring, they stretch eastward to
the Reveille range. Along the crest of the range, there is a heavy cap of
more compact lava, and this, extending westward, with slight descent, for
ten or twelve miles, terminates in a bold step, overlooking the broad rocky
desert that surrounds Oasis springs, the head of the Amargosa * River.”
From these springs eastward thirty miles, to Belted Mountain, westward
twenty-five miles, to the edge of Death Valley, and northward as far as we
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could see—twenty-five or thirty miles—the entire surface of the country

is covered by lavas. The principal centers of eruption are marked by

broad, low-angled cones, and the prevailing colors are those of the acidic

\
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Scale, 1:150,000. a, basalt; b, granite; ¢, volcanic tuff.

Fi1c. 51.—8ection of Pilot Mountain, California.

lavas. A few groups of small, steep crater-cones could
be seen marking the position of basaltic vents, but they
seemed quite subsidiary. To the south, this area is
limited by the detrital stretches of the Amargosa desert,
flanked at the east by the Paleozoic escarpment of
Bare Mountain, and at the west by the Amargosa range.

The only locality at which lava was observed on
the Spring Mountain range is near Good Spring, where
there has been a small outflow of basalt. For thirty
miles of its length, it has no considerable body of vol-
canic rock.

In California, our most westerly point was the east-
ern base of the Sierra Nevada; and the only volcanic
eruptions seen. there are some basaltic cones and coulées,
a few miles north of Camp Independence,—utterly insig-
nificant features in comparison with the granitoid body
that overhangs them, and which constitutes, for so many
miles, the eastern face of the great range. A little basalt
was noted in crossing the Iny6 range, but the mountain
is not characterized by lavas. Its southward prolonga-
tion, the Coso, is so characterized, and south of Owens
Lake appeared to us, as we skirted its western base, to
be entirely eruptive. We noted, in its débris, rhyolite
in great variety, trachyte, and basalt. The El Paso
Mountains, southeast of Walker's Pass, are flanked at
the south by basaltic and trachytic rocks, and connected
at the east with a large mountain of acidic lavas, enclos-
ing and nearly concealing a core of granite. East of this

stands Pilot mountain, the monument of an accumulation and an erosion

hard to conceive. Its summit is an inclined table of lava, capping and pro-
{ecting about 2,000 feet of softer volcanic products, (probably tuffs,) and
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the whole stands alone on the highest swell of an uneven granitic surface
that passes—except jutting peaks—beneath desert sands at the north and
south. It appears to be an eccentric remnant of a great volcano, of which
denudation has left no other conspicuous vestige.. At its western base is a
line of tabular basaltic hills of comparatively recent origin. Burnt Rock
range is a monoclinal ridge of partially bedded volcanic products. It con-
tains a series of trachytic and rhyolitic lavas, conglomerates, and tuffs,
which present an escarpment to the east, and appear to have been uplifted
en masse. .

The mountains which flank Death Valley—the Panamint at the west
and the Amargosa and Funeral at the east—are essentially mountains of
upheaval ; but, wherever we touched them, we found lavas present as sub-
sidiary features. '

The Colorado Mountains in Arizona, where intersected by the Colo-
rado River in Black Cainion, are of massive trachyte, with a deep-buried
axis of syenite, and are flanked by basaltic cones and coulées. In Boulder
Caiion, there is shown an axis of metamorphic rocks, overlapped at the east
by acidic and basic lavas in order. _

The San Prieto mountains about Prescott show very little lava, but in
the vicinity of Postal’s Ranch, and thence to Granite Peak, are eruptive in
character. Crossing the Black Hills near their northwestern extremity of
the ridge, I found an inconspicuous fringe of basalt along each base. Far-
ther south, Mr. Marvine found the axis nearly buried under lavas; and it is
probable that the tabular crest lying between our routes is basaltic.

A most important feature of these eruptions is their association with
‘the ridges of corrugation. The great majority of vents are along lines of
upheaval, and of the remainder, the principal part are arranged in rows
parallel to the structure lines. In the case of many lava fields, the points
or lines of issue cannot be made out, and there are numerous eruptions that
show no conformity to the general rule; but the law that the distribution of
the lavas is in sympathy with the ridge structure, rests on too broad a basis
of facts to be vitiated by its exceptions. More than this, there seems rea-
son to believe that uplift and extrusion are, in a certain degree, mutually
complementary, or equivalent. The highest ranges, as a rule, are (compara-
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tively) non-volcanic, and those ranges, or portions of ranges, which exhibit
the greatest eruptions are endowed with but low nuclei of other material.
Where, in tracing a range, we find its crest exchanging non-volcanic rocks
for volcanic, we do not find the latter heaped upon an undiminished ridge
of the former, but rather replacing it, as it gradually or suddenly diminishes
in height; and the case is strengthened by the consideration that, while the
low, buried portion of the nucleus has been guarded by its mantle against
the forces of denudation, the higher part has been exposed to a continuous
waste.

That lavas in a disturbed region should find vent along existing lines
of fracture might be assumed as probable upon any theory of mountain
genesis; and it does not necessarily follow from the coincidence, in place,
of uplift and eruption, that the subterranean loci of the action which has
produced corrugation are identical with the volcanic sources. If, however,
it be shown that along lines of disturbance there is an inverse quantitative
relation between uplift and outflow, a strong argument is adduced, not
merely for the identity in location, but for the absolute identity of the up-
heaving and volcanic forces; for, if the two modes of mountain building
are complementary actions, they must be regarded as co-ordinate manifesta-
tions of the same agency.

It is by no means easy to demonstrate this interrelation of upheaval
and eruption. My own confidence that it exists is derived from the compre-
hensive review of my notes, referring to about fifty of the Basin Ranges,
and is a result of inspection rather than analysis. I know not how to pre-
sent the material to the reader—without special pleading—so that it shall
have the same force. The distribution of eruptions is, in detail, so capri-
cious,-and all estimates of the magnitude of mountain movements are so
involved with considerations of erosion,. that it would avail little, even were
the material at hand, to attempt a full presentation of individual examples;
while, in a more general statement, it is impossible to dissociate the observed
facts from those personal impressions that are liable to be shaped more or
less by preconceptions.

The universality of the lavas has already been mentioned. I have
seen no range of the Basin system entirely free from volcanic rocks, and
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the reports of other explorers confirm the impression that such instances
are rare exceptions.

The lavas of the Basin ranges are chiefly acidic. The basaltic rocks
assume an exaggerated importance upon the map, from the fact that, having
a later date, they overlie portions of the trachyte and rhyolite, and their thin-
spread sheets have suffered less from erosion; but, when masses are con-
sidered, they shrink to insignificance. The more ancient basic lava, to
which Mr. Richtofen has given the name of propylite, is perhaps of more
importance; but its mode of occurrence is so similar to that of trachyte that
no distinction could be made when it was not absolutely crossed. It is cer-
tainly far inferior in amount to the acidic. ,

The trachyte and rhyolite are characterized by what have been called
massive eruptions; that is, by viscous eruptions of great volume, the lava
of which, instead of flowing off in coulées, or building cones by slow accu-
mulation of congealed streams, has, by single or few issues, formed bosses,
often of great thickness, and divided by few or no surfaces of bedding. It is
probable that these bosses lie usually immediately above the fissures from -
which the material has arisen ; and they are often elongated into ridges
parallel to the fissure system, as though there had been, in each case, a
simultaneous issue along a considerable line of fracture. The material of
these masses ranges from very compact lavas to those which are nearly as
light as pumice, though lithoid in texture and only minutely vesicular. From
the compact lavas, there is an easy gradation to the breccias, and the porous
lavas are separated lithologically by no trenchant line from the tuffs; but
the last, when well marked, always betray more or less bedding. Nearly
all of the varieties found in massive eruptions are seen also in bedded sheets;
and this mode of occurrence is as general as the other. Considering
together the whole regions of the Basin ranges, the prevalence of rhyolite
and trachyte tuffs is marked, though in many districts they are entirely
wanting. Notwithstanding the rapid destruction to which their accumu-
lations are subjected when they occupy elevated positions, they are yet
retained in immense volume. Where best preserved, they are protected
by caps of harder material, and exhibit bedding with notable inclination ;
but their denudation has usually progressed so far that only a hint is given
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of the magnitude of the volcanoes to which they pertained. Tuffs are less
frequently associated with the basalts.

In volcanic phenomena, as in other features, the Plateaus are in some
degree contrasted with the Ranges. DBasalts assume a far greater promi-
nence, rivaling the trachytes in abundance. Rhyolites are not in great
force, and the chief trachyte masses are of basic varieties. The minor
manifestations are almost invariably basaltic. Tuffs are nearly unknown.
There is no observed arrangement of vents according to structure lines, and
(this last, however, is not a contrasting feature) the distribution is unequal
as well as irregular. The two principal fields traversed by our parties lie
near the boundary of the Plateau system, and have their longer diameters
parallel to that boundary. The more northerly is entirely within Utah, and
is nearly included in the Sevier Basin. Northward it touches the parallel
of 39°, near the town of Salina, and southward that of 37°30°. Westward
it passes the plateau boundary, and coalesces with the eruptions of the Bea-
ver and more westerly ranges; and eastward its crosses the rim of the
Sevier Basin and encroaches on that of the Dirty Devil. Its boundary is
irregular and includes a number of islands of sedimentary rock, but within
it a straight line more than one hundred miles long (in a north-northeast
direction) could be traced entirely on lava. The greatest dimension.at
right angles to this is about sixty-five miles, and the entire continuous area
of lava comprises about five thousand square miles. The predominant
rock in this field is a trachyte closely related to dolerite, and this gives place
eastward to more acid trachyte and rhyolite, and southward to basalt. Ex-
cept in the Beaver range the flow of the lavas has been in broad sheets, and
these, accumulating in a deep series before the faulting of the Plateau rocks,
have been thrown into cliffs and inclined tables, together with the underly-
ing sedimentaries. Along the east side of the Sevier Valley, from Red
- Cafion, near Panquitch, to the neighborhood of Glencove, these cliffs, pro-
duced by the great Sevier fault, reveal a depth of bedded trachyte that
must average 1,500 feet, and at its maximum exceeds 2,000 feet by an un-
known amount, the base of the series being unseen. The principal basaltic
tracts in this field lie east of Fish Lake and Otter Creek, about the head-
waters of the Dirty Devil River, and southwest of Panquitch. A description
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of the former will be found in Mr. Howell’s report. The latter is thickly
studded with lava cones and cinder cones of no great magnitude, and is
spread with a long succession of coulées, the latest of which are so recent
that vegetation has as yet no hold on their black, blistered surfaces.

North of this great field Mr. Howell observed two isolated masses of
lava, the first of trachyte, constituting the southward spur of the Wahsatch
range, which separates the main forks of Sam Pitch Creek, and the second
of rhyolite, lying along the western base of the Sam Pitch Mountains.
South of the same field are a series of basaltic cones and streams, that may,
perhaps, be regarded as outliers of the Panquitch basalt district. They
occur upon and to the east of the head of Kanab Creek, about the head of
the Virgin River, overlooking the valley of the Virgin from both sides a
little below the union of its main branches, and within the Valley in the
vicinity of the towns of Toquerville and Washington. The Uinkaret
Mountains, beginning fifty miles farther south, are a larger group of the
same character, carrying the chain, if chain it may be called, to the Grand
Canon of the Colorado.

A few miles beyond the Colorado commences the second great lava
field of the Plateaus, one far exceeding that of the Sevier Basin in magni-
tude, but only partially included in our region of exploration. Beginning
in the neighborhood of Truxton Spring and the head of Diamond Creek, it
stretches, in an uneven but continuous belt, east-southeast to Sierra Blanca,
and, beyond, spreads several broad lobes over New Mexico, the most east-
erly of which reaches nearly to the Rio Grande. Its extreme limits, in
longitudes 113° and 107° 15, are three hundred and twenty-five miles apart.
Northward it touches the parallel of 35° 40, and southward that of 32° 50’.
What share of the Arizonian portion we have here to consider has an area of
about ten thousand square miles, and is perhaps one-half of the whole. It
includes the San Francisco group, the Mogollon Mountains, and the Sierra
Blanca, and these follow from west to east, in the order named, along the
southern margin of the Plateau country.

The San Francisco group includes a series of large cones of trachyte,
the product of massive eruptions, and a great multitude of small basaltic
cones, associated with broad and, in pa,rt; thick sheets of basaltic lava. The

Iws
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trachyte has, perhaps, the greafer mass, but the basalt covers by far the
larger area. The larger cones, though they may justly be called a group,
are separated by intervals of several miles. The largest, San Francisco
and Bill Williams Mountains, were ascended, and the character of Mount
Floyd was ascertained in crossing its northward spur. Mount Sitgreaves,
in form, color, and size, connects itself with the trachytic class, and Mounts
Kendrick and Picacho are doubtfully referred to the same class, although
in form they rather resemble the smaller, crater-bearing, basaltic cones.
While the number of vents of trachyte was small, at most not exceeding a
half dozen, the basaltic vents were very many, probably some hundreds in
number. As many as one hundred are marked by cinder cones, of which
sixty-five with craters, partially or wholly preserved, were counted from
the summit of San Francisco Mountain about its foot. In this vicinity the
floor of the Plateau is the Aubrey limestone, (Upper Carboniferous,) and
there is a gentle dip northward from the Aubrey cliffs to the Colorado and
Colorado Chiquito. The cones stand near the upper (southern)edge of the
table, and the flowing lavas have in part overrun the cliff, and poured into
the valleys of the Verde and its tributaries. The principal roads connect-
ing the upper and lower countries avoid the precipice that marks the out-
crop of the upper Aubrey beds, by following the easy grades of these black
congealed rivers.

The Sierra Blanca likewise presents peaks of massive trachyte flanked
by basalt. The interval of one hundred and seventy miles between it and
San Francisco Mountain is bridged by a chain of basaltic eruptions, merg-
ing with those that surround the trachyte masses. Through the greater
part of its extent, this basalt flow is low and broad in cross-section, and it
neither merits nor receives the title of mountain, save at one point, where a
cluster of unusually large basalt cones, near the Sierra Blanca, has been
given the name of Mogollon (hanger on) Mountains. Mr. Marvine'’s route
intersected this field in two places, and its characteristics will be found
described in his report.

It is well worthy of note that the majority of these eruptions among the
Plateaus rest upon nearly level strata, and that where they are associated
with inclined strata, such inclination is seen to pertain to a structure extend-
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ing far beyond the volcanic outburst, and evidently not dependent on it as
a cause. Among the Basin Ranges the strata are so greatly dislocated,
independently, that it is impossible to determine that the eruptions have or
have not disturbed them; but where the normal structure is so simple as it
is in the Plateau country, a local structure imposed by the extrusion of lava
could not escape detection, and we have direct evidence in its absence that
the eruptive rocks, in passing through, have not uplifted the sedimentary.
This remark applies not merely to the eruptions of basalt, which we know
from the narrowness of its dikes and the easy slope of its currents to have
been usually a tolerably thin fluid, but also to the most viscous trachyte,
which, in the case of San Francisco Mountain, for example, has been built,
not a scoriaceous mass, but a pyramid of compact lava, to a height of
nearly 5,000 feet, with slopes of 10°to 20°. It is by no means impossible,
it is probable, rather, that in upheaved ranges, uprising lavas sometimes
force apart rock masses, already greatly dislocated, so as to open the broad fis-
sures, in which their dikes are occasionally found. But the idea that ridges of
corrugation are lifted by the eruptive rocks that are associated with them—
an idea that finds frequent expression in the phrases “ upheaved by trap,”
“upheaved by granite "—appears deserving to ‘be laid on the shelf along
with the cognate idea of * craters of upheaval.”

Turning now from the distribution of the lavas, we will consider for a
moment their petrography.

The proposal by F. Richtofen of a ‘“Natural System of Volcanic Rocks”
(Proc. Cal. Acad. Sci.) is of special interest to geologists, as a most able
attempt to classify geologically a group of rocks that had been before con-
sidered almost exclusively from a chemical and lithological point of view;
and we have endeavored, so far as we were able, to test his classification by
examinations in the field. Our material does not warrant a discussion of
his conclusions, failing as it does to comprise the results of any detailed
study, but upon one point the very width of the field crossed in our rapid
transit, permits us to speak. Richtofen’s theorem is that volcanic rocks have
a natural order of sequence, viz, propylite, andesite, trachyte, rhyolite,
basalt. The first and second of these divisions we have rarely met, and we
have no reason to question their inferior position. Of the succession of
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trachyte and rhyolite, we cannot speak definitely, although we have seen
them more often than other species. Their constant association, their
identity in habit, the parallelism of their multitudinous varieties, and their
intergradation have prevented their ready discrimination in the field, and, at
the same time, occasioned doubt as to the validity of their separation. The
basalt group, on the other hand, was everywhere distinguished, and its rela-
tions made out. With a single exception, observed by Mr. Marvine, at
Truxton Spring, Arizona, it was seen to overlie, wherever it touched, rhyolite
and trachyte. Usually there was evidence by erosion of a great lapse of
time between the trachytic and basaltic eruptions, and in this way a relation
of sequence was established where there was no contact. Along the Sevier
fault, near Glencove and Salina, for example, trachyte sheets, conforming to
the Tertiary strata, and dipping with them, are shown to have been spread
before the disturbance, while basalt, resting unconformably on the tilted
and eroded strata, evinces its later advent. The trachyte of Pine Valley
Mountain has resisted the erosion that has opened valleys around it, (see
report of Mr. Howell,) and it stands a lofty “mountain of circumdenuda-

tion ;”

while in the valleys at its foot have sprung up a chain of basaltic
cones. Since the eruption of the trachyte of San Francisco Mountain, no
less than 700 feet of strata have been removed from about it; and the
basalt of the immediate vicinity rests on the new floor of the plain. At
this locality, however, the succession is also shown by actual contact and
superposition. Superposition was also seen at Mount Bill Williams and
Mount Floyd, at Piute Spring, at the head of the Black Cafion, at Postal’s
ranch, near Little Owens Lake, near Logan, Nev., at Quinn Cafion, at
Reveille, near Copper Caion, between Battle Mountain and Rock Creek,
on Maggie’s Creek, near Black Rock Spring, Utah, and by Mr. Howell,
near Adamsville, Utah, and in Rabbit Valley, east of Fish Lake. Other
cases, less strongly marked, point in the same way, and serve to establish
the rule—truly a rule, notwithstanding its exceptions—that in the great vol-
canic region west of the Plains, the trachytic or acidic lavas have preceded
the associated basaltic.®

* The term basalt, here and elsewhere in this report, is used with Mr. Richtofen to include, besides
basalt proper, dolerite and anamesite.
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The variety of the trachyte and rhyolite lavas is endless. Nearly
every new locality shows a new phase. From a mass,composed of a rough
lithoid paste, with imbedded crystals of orthoclase, oligoclase, hornblende,
mica, quartz, &c., there is a perfect gradation, in one direction to varieties
with a compact and even vitreous paste, and thence to obsidians and vari-
colored glasses, and to pumice; and in another to a phase in which the
paste predominates, and, while lusterless as chalk, and nearly as soft, is
much lighter in weight. No line can be drawn between this and a volcanic
mud, nor between the latter and tuff. All varieties contain occasional
imbedded fragments, generally of somewhat similar constitution; and, by
the multiplication of these, pass into corresponding lava breccias and con-
glomerates. A curious imitative phase makes up the principal massof Baldy
and Belknap peaks in the Beaver range. An even, finely granular paste,
without crystals, laminated, dull, harsh to the touch, itis to be distinguished,
in hand specimens, from the buff sandstones of massive, cross-bedded habit,
only by the aid of a miscroscope. Its mode of occurrence leaves no doubt
of its eruptive character, but it was hard to realize, even when viewing it
in mass, that it was not of sedimentary origin. Associated with it are sub-
vitreous, laminated to foliated, rhyolites, strongly suggestive, in small masses,
of silicified wood. The latter are also, in part, spherulitic, and at the western
foot of the mountain include siliceous concretions several feet in diameter.
To this class of lavas belong the glasses that at Argenta, Nevada, and Beaver,
Utah, have been mistaken for anthracite.

The basaltic group shows less variability, its prevalent forms being
compact microcrystalline lava and scoria. Obsidian, pumice, and tuff
are seldom seen. The crater-cones are built of alight, thin-partitioned scoria
never glassy, which weathers, from an original black, to various shades of
brown and red. The upper surfaces of lava streams are distended by coarse
vesicles with thick partitions, and these, in the older streams, contain
crystallizations of calcite and zeolites. ~ Columnar structure is far more
frequent than with the trachytes, but in no instance have we observed it
with such regular prisms as are found in Ireland and upon the Columbia
River. The prisms stand normal to the cooling surface, and closely resemble
* in form those with which we are familiar in the starch of commerce. In the
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starch, the structure is produced by.progressive shrinkage, beginning on the
exterior of a drying mass; in the lava, by progressive shrinkage of a cooling
mass. In dikes, independent systems of prisms are formed from the two
walls, and at their meeting in the middle the rock is unevenly cracked.
In coulées also there are often two systems, the one from above and the
other from below ; and, in this case, the line of meeting is usually below the
middle of the mass. A

The Geological Age of the Lavas is not clearly determined by such
evidence as we have gathered. The trachytic rest upon, and intersect in -
dikes, all the sedimentary rocks from the Archezean to the Tertiary, and they
were seen to underlie none of these. Their relation to Cretaceous and
Tertiary strata is shown only in the Plateau country, since the region of the
Basin Ranges was continental during those periods, and contains their record,
so far as we know, only in subaerial, non-fossiliferous beds, continuous
with, and not distinguishable from, the Quaternary. At a number of points,
trachytes are seen to be interstratified with these subaerial deposits, and near
Sevier Lake a sheet of rhyolite is spread near the top of the series. At
every point of contact the trachytes and rhyolites underlie the Bonneville
beds. ‘ '

These meager data from deposition are supplemented by some facts of
denudation. With the beginning of the post-Jurassic uplift of the Basin
Ranges, there began a wasting of the ridges that has continued ever since,
and, wherever the facts can be determined, the lavas are found to rest on
greatly eroded surfaces of the upturned strata. With reference, however,
to the greatest eruptions the facts are not known, since they constitute
ranges by themselves, surrounded by secretive blankets of Quaternary gravel.
 On the other hand, the denudation of the trachytes themselves has been
great—so great that it is measured by the same order of unit that is applied
to the denudation of the sedimentary beds. Not merely is the original sur-
face removed from even the most recent of the trachytes, but all craters
have been destroyed, and cones of mingled tuff and lava, that must have
assumed the most imposing proportions, have been reduced to the merest
ruins. Great dislocation, as well as denudation, has succeeded, in places,
the accumulation of trachytes and rhyolites, and mineral veins have been
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formed within them and along their contact planes. Great erosion certainly,
and probably dislocation also, of early eruptions, have been succeeded by
later eruptions, and stand in proof of the great duration .of the trachytic
epoch.*

Basaltic eruptions have bridged over the chasm from the trachytic to
modern times. Mr. Marvine found them alternating with rhyolite at Trux-
ton Spring. They overlie all the sedimentaries up to and including the

"Bonneville beds. They underlie also the Bonneville beds, and are inter-
stratified with the subaerial drift. At the Cathedral Mesa on the Colorado,
between Bowlder and Iceberg Canons, a basalt bed rests on 200 feet of this
drift, and is covered by 300 more. Its antiquity is expressed by the 300
feet of deposition over it, plus the 500 feet of denudation that has laid bare
the escarpment. Unless some unknown change of levels has occurred, this
denudation has only kept pace with the erosion of Bowlder Cafion, ten
miles long, through tough Archean rocks. At the mouth of the Grand
Wash a stream of basalt reached the river bed when it was 200 feet higher
than at present, and its antiquity is measured by so much degradation of
Jceberg Canion. At a point in the Grand Cafion below Diamond Creek, a
coulée has entered from a side gorge, and the river has since descended 75
feet into the granite. Camp Apache is built in a valley several miles broad
and 1,200 feet deep, excavated in Carboniferous sandstone and limestone
by the White Mountain River since the flow of the basalt which caps the
adjacent uplands. A second lava stream, and a third, have flowed down
the new valley, and have been in turn cut through by the creek, the chan-
nel of which is now but 50 or 75 feet below the last lava surface. (The
oldest lava of the Uinkaret or North Side Mountains, identified as basaltic
by Professor Powell, preceded the denudation that has retired the lower

*The localities upon which these observations are based are, for the most part, mentioned, either
in the résumé of distribution in the earlier part of the chapter, or in the special descriptions at the end.
Trachyte rests on Tertiary strata east of the Sevier Valley, from Panquitch to Glendale, and has been
faulted with them. Trachyte overlies subaerial drift in the E1 Paso Mountains, at Red Rock Cafion, and
on the eastern side of Death Valley; it passes under such drift at the foot of nearly every trachytic
mountain. At Belmont, Nev., rhyolite rests on uptilted edges of Silurian slates; near Boundary Cafion,
on Lower Silurian quartzite, from which, as proved in the immediate vicinity, many thousand feet of
superior strata have been worn; in Bowlder Cafion, of the Colorado, it is seen to rest on Archzan schists.
Of great post-trachytic denudation, Pilot Mountain, San Francisco Mountain, and Pine Valley Mountain
afford illustration; and San Francisco Mountain shows a later eruption of acidic lava. Bedded tra-
chytes are disturbed at Burnt Rock Mountain, and at Red Rock Cafion, Cal.
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Triassic escarpment, (Vermilion Cliff,) here 1,500 feet high, to a distance
of thirty miles. In contrast with this, there is perched upon the very
slope of this escarpment, near Virgin City, a fresh built cone, and other
cones dot the intervening plain, and especially surround the base of the
Triassic island preserved by the older eruption. Basalt streams and cones,
so recent that their surfaces yet afford no soil for vegetation, were seen
in Owens Valley, near San Francisco Mountain, and in Utah, near Glen-
dale, near Toquerville, in Diamond Valley, (Howell,) near Skumpah, near
Pauquitch, near the Cedar range, (Howell,) and near Fillmore. The last named
are the freshest of all, and may fairly be called modern, although there is no
tradition of their eruption. The weathering of the frail scoria, that caps
“the latest crater rim, does not seem to have begun; the frothy, taffy-like
pellets that, spattered from the bubbling caldron, fell half cooled upon its
wall seem as though congealed but yesterday. Only the consideration of
the extreme aridity of the climate can countenance the possibility that cen-
turies, instead of years merely, may have elapsed since the termination of
this eruption; and no one who studies its monuments can avoid the feeling
that it is so far an affair of the present, that no surprise would be occasioned
by its recurrence. Indeed, when we compare the stupendous denudation
that has transpired during the period of basaltic vulcanicity in this region,
with the differential film that has been removed since this last manifestation,
and when we consider, in addition, that intermittence is a characteristic of
volcanic activity, we are not merely permitted to think of a renewal of that
activity as possible, but are logically compelled to regard it as probable.
There is really no more reason to believe that the epoch of basalt has closed
in this region, than that it has barely begun; and it is certainly probable
that the few centuries we can know by history and tradition, belong to one
of the intervals of quiet, such as separate the more or less convulsive efforts
of volcanoes; an interval to be terminated sooner or later by a renewal of
activity.
More detailed description will be given of a few localities:
The Fillmore Group of cones and lava beds rests on the broad floor of
the Sevier Desert, west of the Pah-vant range, and far enough removed from it
to be considered entirely independent. The Pah-vant Butte, the largest and

\
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one of the most northerly of the group, is seventeen miles from Fillmore, in
a northwest direction. The Ice Spring cluster lies ten miles west of Fill-
more, and four miles south of it is the Tabernacle cluster. Southwest from
the Tabernacle, and six miles distant, stands a
small cone that was not visited, and four miles
north northeast from Pah-vant Butteis a low lava
cone. All of them are surrounded by more or
less recent lava beds, and these unite (except two
narrow gaps) to form a continuous field twenty-
five miles long and three to five miles broad. A -
full description of the group would probably in-
clude also some cones observed by Dr. H. C.
Yarrow further south, in the vicinity of Corn
Creek settlement. ‘

Pah-vant Butte is the only tuff-cone of the
group. It is in crescent form, preserving about
two-thirds of the wall of its crater. The south-
‘western portion of the wall has been removed,
and the highest remaining point is northeast of
the crater. The external diameter of the crescent
is about one and a half miles. The culminating
point stands 800 feet above the base. The mate-
rial is a tuff of very light cinders. It is firmly
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coherent, but the cement does not fill the pores of
the cinder fragments. The prevailing color on
fresh fractures is an ochre.yellow; on weathered
surfaces, a dark gray. Successive surfaces of
deposition are marked by a rude lamination, con-
spicuous in large masses, but not inducing a
decided cleavage. This lamination dips both
“ways from the rim; inward, at about 35°; out-
ward, at from 20° to 25°; the two slopes being united at top by a curve.
The Bonneville beach is carved upon the outer slope 300 feet above the
lava floor at its foot, and all of the associated lava beds were covered by
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the Bonneville waters. The lavas are in part concealed by Bonneville

sands, but, where bare, have a tolerable freshness, the convolutions of the

once flowing paste being yet well preserved. The tuff-cone rests upon

them.

The Ice Spring cluster includes three perfect craters, and vestiges of one,

and perhaps two others.

The oldest of all is preserved only in a fragmental

ridge, 260 feet in extreme height, so curved as to indicate an original inter-
nal diameter of one-half or two-thirds of a mile. (a, Fig. 53.) Within
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Fi16. 53.—The Ice Spring cluster of lava cones, near

Fillmore, Utah.

the bottom of the crater is 30 feet.

its arc is slight indication of the
existence of a smaller cone of
softer material, and at once later
than this and earlier than the
others. Of the three perfect
cones, marked b, ¢, and d on the
diagram, the newest is the central
and largest, ¢, and the inter-
relation of the others was not
ascertained. They are all very
recent. The smallest, b, has a
rim of uneven height, ranging
from 150 to 90 feet above the
surrounding lava bed, and the
descent from the lowest lip to

The exterior surface is regularly conic,

and as steep as the falling scorise would lie, but shows very little loose ma-
terial, a great part of the ejected matter having fallen in a molten or viscous

condition, so as to cohere in a firm mass.

The inner slopes are made of

angular fragments, large and small, fallen from the rim, and meet at the

bottom, where is a little cool water and a solitary tuft of grass.

The water

appears to be much resorted to by birds, and a game trail leads to it over
the lowest sag of the rim. 'The central crater is of precisely similar character.
The highest and lowest points of its rim are, respectively, 250 and 100 feet
above the outside base, and the dry bottom of the crater is 100 feet lower

than the lowest rim.
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The remaining cone, d, is especially interesting, since the lava of
which it is built has not fallen down and choked the interior, but all
remains precisely as the retreating fluid left it. It is about as broad as the

last mentioned, but comparatively low, its rim rising
only from 60 to 100 feet above the outside lava field.
It is possible that its flanks are partially buried by
later eruptions. . Its eruption does not appear to have
terminated with the ejection of scoria, but, at the last
high tide of its lava, a crust was formed about the east-
ern border of the crater. When the subsiding flood
withdrew its support, a portion of the crust fell, but
the remainder still forms a shelf upon the slope. The
retirement of the lava was so rapid that no other floor
was produced, and the flue through which it entered
and departed is unclogged. The relations of the shelf
and flue to the crater walls are shown in the sectional
diagram. (Fig. 67.) The flue is eccentric, oblique, and
unevenly cylindric, with a diameter of 12 feet. Its
walls are flecked with arborescent accretions of white
calcite. Descent into it is checked at a few rods by
water, which fills it to an unknown depth; the level
of the water surface being 50 feet below the outside
lava plain. The features of this spot were peculiarly
impressive. Not often can the eye so fully aid the
imagination to picture the former life of a dead crater.
Through the narrow sloping tube in which we stood had
poured the molten tide that overwhelmed miles of the
plain, and down its throat had been swallowed what
remained in the crater mouth when the force that ex-
pelled it gave way. Black drops of the pasty flood
still hung in witness from every angle of the roof and
sides, and the crust without was corded with the ropy
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foldings of the seething caldron. Below the floor that marked the last high
tide there was no sign of lingering. With one movement the hollow had
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been emptied, and the lava that had formed a glowing lakelet, acres in extent,
sank back to the source from which it came. .

About these cones there are at least two distinet lava floods. The
older may have the same date as the old fragmental cone; the newer must
pertain to the same eruption as the perfect craters. In the immediate
vicinity of the cones the older flood shows only a few islands, and is con-
spicuous in the possession of a soil on which the sage has taken root. The
newer is soilless and plantless—not even a lichen clinging to its surface—
for all that can be seen, just as the cooling left it. Its surface is a chaos of
black, ragged slabs of lava crust, piled as are the ice cakes that, in spring-
freshets, dam our northern rivers. In places the congealed crust was
deserted by the lava beneath and fell in. Elsewhere it was possibly torn
by the force of steam from the moist ground over which part of the lava
ran. Everywhere the flood is thrown into ragged waves, 10, 20, and even
40 feet in height. The more compact masses are divided by sharp edged
fissures, often several feet in width and 10 or 20 in depth. At many places
we saw a peculiar, harsh, papillate surface, produced by the dragging of
viscous lava against what was already hard—such a surface as a trowel
leaves on very stiff mortar. (See Plate XII*.)

In one of the lowest depressions of this recent lava is Ice Spring, from
which the cluster of conesis named. Lieutenant Marshall found there in
July not only water at 32°, but enough ice to justify the name. He
regards it, not as a phenomenon of evaporation—for evaporation in that
sheltered and shaded place is very slow—but as a natural ice house, storing
the winter’s snow. .

The Tabernacle cluster is named from the.resemblance of the distant
profile of the chief butte to the Mormon tabernacle at Salt Lake City. The
resemblance vanishes on nearer view, and the seeming oval dome is seen to
be the fragment of an old crater wall. Itis 150 feet high and about 2,000
feet long, and other fragments of the same indicate that the crater once
inclosed had a diameter of half a mile. It is now quite flooded by more
recent lavas, and within it are two smaller craters, one of which overlaps

* The upper of the blocks represented in the plate was taken from the crest of erater ¢ of the cluster,
the lower from the adjacent lava-stream.
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the other; but none of the eruptions have the freshness of those just
described. The surrounding lava field, also, is comparatively old, though
still nearly bare. Soil enough has gathered in its lowest places to support
a growth of bushes and grass. Its most interesting feature
is the existence of a number of caves, produced by the
escape of lavas from their channels, after the formation of
a self-sustaining crust. The caves lie entirely below the
 general level of the lava field, and we discovered them
only where portions of their roofs had fallen. Descending
through one of these roof openings, Lieutenant Hoxie and
I followed the tubular aperture for one or two hundred
feet, and climbed out at another break. The width of
the cave averaged 30 feet and the depth 18, and in length
it extended indefinitely beyond the section we explored.
The original bottom was not visible, being strewn with
fallen fragments of rock, and covered to an unknown
depth by the ordure of owls and bats.

The margin of this lava shows an obscure beach line
of the Bonneville series, from which were gathered shells
of Limnea desidiosa, but it was not examined with suffi-
cient care to determine fully its relation to that series.
The cones and streams of the Ice Spring cluster were
certainly untouched by the Bonneville waters, although
their highest points are 200 feet below the Bonneville
mark on the foot slope of the Pah-van range.

Beaver Range—A partial section of the Beaver Range,
Utah, was obtained at Belknap Peak, one of its culmi-
nating points. The peak was ascended from-the west,
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and the character of the eastern base was afterward ascer-
tained by a visit to the Ohio mining district. The range
at this point rises 5,500 feet above the adjacent valleys,
and is eighteen miles broad. At the western base a foot hill, lying chiefly
.between North and Indian Creeks but cut across by the latter, consists of
syenite. The mass has a north and south trend, and is probably flanked at
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the east by quartzite. I say “probably,” because portions of the adjacent
rthyolite were afterward found to so closely simulate quartzite that doubt

was thrown on the determination after all opportunity for re-examination
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Fr6. 56.—Section of Red Rock Cafion beds, Southern California.

Scale, 1-14400,

was past. Under the eastern base of the range, the cafion of
Pine Creek reveals 300 feet of nearly level strata, including
sandstone of several varieties and shale or slate, but containing
no fossils, save obscure fucoid casts. The whole have been
partially metamorphosed, but show no folding. Except these
basal exposures, the entire profile is volcanic, and, either way
from the crest, the first 4,000 feet of descent.is upon lava. Pine
Creek exposes a great mass of tough porphyritic oligoclase-
trachyte, in great part brecciated, and containing the metallife-
rous veins of the Ohio district. Surrounding and overlying
this, and extending to the syenite of the opposite base of the
range, is an immense body of rhyolite, presenting some diversity
of character, but consisting chiefly of the variety already des-
cribed as the close counterpart of certain sandstones. North-
ward this lava cover continues for about fifteen miles, but
probably diminishes in thickness as the range diminished in
height. Southward, for twenty-five miles, to Frémont’s Pass
the crest of the range, while it grows broader, loses little in
height, and it is probable that the lava mass is even greater in
that direction. Opposite Circleville, twenty miles south of Pine
Creek, the range presents a bold eastward front 6,000 feet high,
the whole of which appears to be volcanic. There is probably
no exaggeration in estimating the dimensions of this great lava
mass at: length, forty miles; average width, fifteen miles;
average depth, 2,500 feet; which gives a total of two hundred
and eighty-four cubic miles.

. Red Rock_Casion—In the vicinity of Walker’s Pass there
is a long, low, detrital slope from the Sierra Nevada to the

desert at the east, and the same exists thirty miles farther south. In the
interval the slope is interrupted by the low, irregular El Paso Mountains,
which appear to have risen, in part at least, since the establishment of the
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detrital slope. Red Rock Cafion, having a southeast course, intersects a
southerly spur of the El1 Paso Mountains, and rises among detrital beds that
lie between this spur and the Sierra Nevada. For two or three miles it cuts
obliquely a series of beds dipping westward from the El Paso spur, at angles
ranging from 15° to 80°. Fig. 56 gives a section normal to the strike, but
based on notes taken along the oblique cutting of the cafion. No. 1isa
lightly cemented coarse sand or fine gravel, pale umber to ochre in color, and
consisting of rounded grains of quartz, mica, feldspar, and divers volcanic
rocks. Upward it is inseparable from the granite sand of the Sierra slope.
It does not cleave into strata, but the direction of bedding is conspicuous in
the exposures, and different layers weather so unequally that the whole is
carved into a series of escarpments, the faces of which are beautifully fluted
by rain. The thickness exceeds 400 feet. Nos. 2 and 4 are basalts, 30 and
50 feet respectively in thickness. No. 3, 100 feet, No. 5, 200 feet, and No.
7, 100 feet, are like No. 1, but more coherent, the cementing material being
insoluble in acids. No. 6, 100 feet thick, is a homogeneous, pale pink, vol-
canic tuff, containing all the constituents of the adjacent sands, with the
addition of pumice and a definite matrix. No. 8 is a sand like No. 1, but
well cemented by oxide of iron. No. 9 isan orange, massive, subspherulitic
rhyolite, and No. 10, a massive fine-grained compound of hornblende, pyfite,
and a feldspar. The two, whose correlation was not made out, constitute the
- spur of the range and wall the cafion for a half mile. Beyond them the
sands are resumed (11) with the same dip, but their relation was not estab-
lished. The line of section, produced eastward, would reach out on an open
desert—that in which is the Desert Wells stage station.

The chief interest of the section lies in the close relationship of the
sand beds to the intercalated tuff. The latter is a product of eruption,
endowed with a light vesicular paste, and separable by no sharp line from
typical lavas. The former is so closely affiliated to the tuff, on the one
hand, and to the ordinary desert detritus on the other, that we are left in
doubt whether it was transported and distributed by volcanic or by meteoric
waters.

Meadow Creek Chimney.—The canon of Meadow Creek, near Belmont,
Nevada, is cut through a flow of compact rhyolite, and at one point lays




144

‘GEOLOGY.

bare a peculiar structure that probably pertains to a point of issue. The

rock is divided by a set of curved joints, concentric, and, in vertical as well

as horizontal section, concave toward their common axis. The whole mass

/

The base-line is the level of the creek bed.

of cleavage planes.

F1G. 57.—Section of lava flow exbhibited in Meadow Creek Cafion, near Belmont, Nev., showing the arrangement
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The dotted line indicates the level of the creek bed.

F1G. 58.—Ideal section of Meadow Creek lava-flow.

is apparently homogeneous, but is unequally
eroded in a manner somehow dependent on
the arrangement of the joints. The core
has disappeared, and in its place is an am-
phitheatric cove opening to the cafion. - The
walls of the amphitheater are composed of
sectile lava, in concentric leaves, like those
of an onion bulb, and have somewhat the
form of a crater. Outside them a circular
line of weakness is marked by an eroded
valley, and beyond this lies the general lava

sheet. The crateriform wall has a height of

100 feet, and a diameter from crest to crest of
about 300 feet. Its relation to the lava field
is shown in the annexed diagram, (Fig. 57,)
which presents substantially the section
afforded by the creek, and the structure of
its wall is shown in Plate V, which reproduces
a photograph of the portion represented at @
in the diagram. I conceive that the amphi-
theater, ¢, is immediately above the opening
through which the lava issued, and that the
concentric division surfaces are in some way
a function of the movement of the lava. If
a viscous fluid issue from an aperture in a
level surface and spread equally in all di-
rections, the portion emerging at any one
instant will assume successively some such

positions as are represented in the curved lines of IFig. 58, and a lamination

resulting from a motion of this character would correspond in form with
the divisions just described. The structure of the rhyolite, however, is spe-
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cifically a cleavage, and there is, strictly speaking, no visible lamination.
The cleavage planes frequently divide the inclosed crystals of quartz and
feldspar.

Thermal Springs are so often associated with volcanoes, that they are
regarded by many writers as volcanic phenomena, notwithstanding their
frequent occurrence in regions not otherwise marked as volcanic. The
problem of their relation to vulcanism has so far interested me that I have
been led to look somewhat beyond the limits of our explorations for material
bearing thereon. A portion of the material gathered led to no conclusion
and need not be rehearsed, but the results indicated by some facts of gen-
eral distribution are so little ambiguous, that I may be pardoned for present-
ing them in this place, even though they involve a conspectus of the entire
country. '

In the present state of our knowledge and speculation in regard to the
structure of the earth’s crust, there are several explanations that may be
offered of the existence of thermal springs. It is now beyond question that
there is an increase of temperature downward from the surface of the earth,
and observations are so far accordant, that the range of recent estimates of
the rate of increase is only from one ‘degree Fahrenheit for 50 feet of
descent to one degree for 90 feet. So we have reason to expect that water,
which, between the region where it enters the earth, and the point at which
it emerges, passes far beneath the surface, will have been heated and will
issue with a temperature higher than the average local temperature of the
ground and air; that is, that it will be thermal. Since all spring water
passes underground, we should expect, as is found, that spring water as a
rule will be, however slightly, thermal. The deeper the water passes in its
subterranean transit, the more heat it will receive. The greater its volume
and the more rapid its rise to the surface, the less heat will it lose by con-
tact with the upper and cooler portions of its channel walls. So hot springs
may be found where the rock structure is such as to lead subterranean
water by quick routes from great depths; and, since water follows either
fissures or the partings of strata, these conditions will be met only where
the rocks are greatly inclined or are fractured. The tilting and the frac-
turing of strata are concomitant features of mountain corrugation, and to

10 W §
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regions of such corrugation we should look for thermal waters, while in
regions of unfractured and horizontal strata they cannot arise from this cause.
The theory of mountain building, advocated by Messrs. Hunt, Mallet,and
Le Conte, and which is now the most prominent, if not the dominant theory,
calls mountain corrugation a result of mechanical “work,” due to horizontal
pressure, (a function of the secular cooling of the earth,) and announces as
a second result of the same work, the development of heat in the loci of the
work. It is held that, in some places, corrugation does not take place, but,
instead, there results a local crushing of the rock, accompanied by sufficient
heat to produce local fusion, and furnish the material for volcanoes. If this
be’the true theory of volcanoes, then the equilibrium of the heat of the crust
may be disturbed by the production of local maxima, not only where the
rocks are pierced by molten dikes, but also in the places, not necessarily
very deep seated, where lava is formed, and also along the axes of corruga-
tion ; and these regions would naturally contain hot springs. The inequali-
ties of temperature would be greatest during the formation of mountains, -
whether by corrugation or eruption, and would slowly diminish by conduc-
tion after the activity ceased; and hydrothermal phenomena arising from
such cause would be most intense where mountains are forming, or have
been formed at a late date. In any case, except that of waters heated by
fresh dikes, the conditions must be such that the currents rise from consider-
able depths; and the only difference between the manifestations in a region
now undergoing corrugation, and in one that has rested and cooled for
many ages, would be a difference of degree. 'The most intense action would
be produced by recent dikes. Where the discharge is small, and the tem-
perature high, the source of heat cannot be remote, else the heat would have
been lost in transit; and, as this is the rule with geysers, they are probably
regarded with propriety as strictly volcanic phenomena, indicating the recent
injection near the surface of hot lava, whether or not it has been extruded.
The thermal springs of the United States are now sufficiently known
to afford some criterion of the value of such speculations, and, for the
purpose of comparing their distribution with that of mountain structures, I
~ have collected such data as are available. In the accompanying table are
included, with insignificant exception, only such springs as exceed in tem-
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perature the local annual mean by not less than 15° Falirenheit. It is not
a list of individual springs, but of localities, and the temperatures given are
the highest noted at the several localities, except that, where there is reason
to believe that a change has occurred, the latest record is quoted. Where
no references are given to publications, the data were gathered by members
of our expedition.*

The accompanying map represents the same localities, save a few so
closely adjacent to others, that the signs by which they are indicated would
overlap. Where the temperature is known the figures expressing it are
used to mark the locality ; where it is not, a cross. Upon the same map are
indicated some of the principal structural divisions of the country. At the
east is the Appalachian region of corrugation; at the west a larger and com-
plex corrugation system, continuous from the westérn limit of the Plains to
the Pacific. This latter district it will be convenient to call the Western
Mountain region. In the interval, a region nearly coincident with the basin
of the Mississippi, the strata are nearly horizontal, and corrugation is known
only at a few insular points, of which the chief are the Black Hills of Dakota,
the Wichita Mountains of Indian Territory, and the Ozark ridges of Missouri
and Arkansas. Conversely, the Western Mountain region surrounds an island
of strata little disturbed, and constituting the Colorado Plateau region, north
of which the Laramie Plateau either forms a separate island, or an insular
promontory of that of the Colorado. In the region of the Appalachians the
phenomena of eruption have always been subordinate to those of corruga-/
tion, and they appear to be in no wise connected with thermal springs. In
the western region eruption has been nearly as universal as corrugation,
and, in places, even rivals it in the magnitude of its monuments.

In examining the map, the first thing to note is that the Mississippi
region contains no hot springs, nor does the plain of the Atlantic coast. The
single locality in Arkansas is referable to the Archean Ozark corrugation.
In the Colorado Plateau region but five localities are noted, a number
decidedly below the mean of the Western Mountain region, which, for the
same area, averages thirteen localities. It is true that it is not yet fully

‘ * Except in the case of three localities, observed by Prof. J. W. Powel], in the cafions of the
Colorado.
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cxplored, but it is nevertheless probable that the record of its hot springs is
nearer complete than that of the mountain region.

The distribution of hot springs is thus shown to coincide very exactly
with that of corrugation, there being none in undisturbed regions, and few
in regions of little disturbance.

The second result of an inspection of the map, or of the table, is the
observation that the range of temperature is far higher in the western
region than in the eastern. Omitting the localities without record of tem-
perature, there are 67 in the former region to compare with 15 in the latter;
of these the former shows 47 as high as 100° I, and the latter but two.
This is probably an exaggeration of the contrast, due to the comparative
imperfection of our data from the West; but the contrast cannot be imag-
inary. The list probably includes every group at the East that showsa
temperature above 65°. It is yet possible that future travel shall double
the list of western localities, and it is probable that the present list includes
a far larger proportion of the very hot springs than it does of those of lower
temperature, such as are not always noted, even though they are visited.

Of the same tendency is the fact that the number of localities is rela-
tively greater at the West. The regions, as we have limited them, have
areas proportioned as 13 to 3, while the numbers of recorded localities are
as 24 to 3; and, if all the localities could be given, the preponderance of
the West would necessarily be greater, since it is now the less known region.
So too the weight of individual localities is greater at the West. It is safe
to éay that a score of the western localities surpass, in number and volume
of springs as well as in temperature, the greatest group of the Appalachians;
and geysers are known only in the larger area. In a word, the larger
region is in every way far more strongly characterized by hot springs.

The geological relations appear to accord with this hydrothermal con-
trast. The corrugation and the eruption of the Appalachian region are
things of the past, not known to have continued so late as Cretaceous time ;
while in the West these actions have persisted to so late a period that we
have good reason to believe they have not ceased. Itis dangerous to argue
from single coincidences, but, certainly, so far as these facts go, they tend
to confirm the explanations of the phenomena that have grown out of the
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theories of mountain building. We may consider the heat of springs in
the Appalachians due entirely, as argued by Rogers, to the normal—we
might almost say static—downward increase of temperature, brought to
hear by the means of deep-seated water-courses, following faults and curved
strata. In the Western Mountain region a greater heat is obtained by the
same means, because of local upraisings of the geisothermal planes, pro-
duced by progressive corrugation, and the intensity of the phenomena is
further heightened by the intrusion and extrusion of lavas.

It is not easy to draw a comparison between the different portions of
the western province. The clustering of localities upon some parts of the

map, and their sparseness on others, is in part due to inequality of obser-
vation. The superlative manifestations of the Yellowstone Park district
appear to be intimately associated with volcanic features, but the great lava-
field of Washington, Oregon, and Western Idaho is almost a blank on our
hot spring map. Another blank, in Southern Arizona and adjacent parts of
California, has been too often traversed by good observers to be regarded
as due entirely to omission, but I am at a loss for its interpretation.

The following table is an essay toward a list of the known localities of
thermal springs of the United States. So many of the references were dis-
entombed almost accidentally that I cannot doubt that many could still be
added by research. Of one hundred and twenty localities, enumerated in
the region west of the Plains, fifty-three were visited by expeditions in
charge of Lieutenant Wheeler, and, of these, thirty were, so far as I am
aware, neither published nor mapped before our examinations. Record of
three localities was furnished by Prof. J. W. Powell from unpublished notes
of his exploration of the Colorado. So far as temperatures are definitely
* known, only those are included which exceed the mean annual temperature
of the air by 15° Fahrenheit. To this rule the spring at Las Vegas, Nevada,
(78°,) is perhaps an exception ; and the Fontaine qui bowille, near Colorado
Springs, Colorado, (60°,) certainly is. The latter was included because
the observations of Long and Frémont indicate that it had formerly a higher
temperature. Further information in regard to springs visited by our expe-
ditions will be found in individual reports, and especially in the chemical
report. In this place will be given only a few specifically geological data.

~
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LOCALITIES OF THERMAL SPRINGS IN THE UNITED STATES.

* About.

Locality. Authority and reference. Fahren-
heit.
1. REGION OF THE APPALACHIANS, .
New Lebanon, New York - ccoct vamunnomananns W. W. Mather, Nat. Hist. N. V., Geol. 1st 73
Dist., p. 105.
‘Mount Pisgah, Perry County, Pennsylvania ...... J. Bell, ““Mineral and Thermal Springs of the | *»2
U.S.,” p. 174.
Bath, Morgan County, West Virginia............ W. B. Rogers, Rept. Am. Geols. and Nats., 74
vol. i, p. 328.
New Milford, Page County, Virginia ...... .. ... W. B. Rogers, loc. ¢it., p.330.cccceeeeecena.| 66
Warm Springs, Bath County, Virginia...........| W. B. Rogers, loc. cit.,, p. 328.ccccniuoiiaa... 97.5
Hot Springs, Bath County, Virginia.............|-ccoc R 108 .
Sweet Alum Spring, Bath County, Virginia.......{.-.... o 85
Snake Run Springs, Sweet Springs Valley, Virginia.|...... do e e IO 72
Strecklor’s Springs, Rockbridge County, Virginia.| W. B. Rogers, Joc. cit., p. 330.e.. .ann . eeerees 70
Sweet Springs, Alleghany County, Virginia ...... W. B. Rogers, Joc. cit., p. 328 ceeeeeeacn.an. 78
Red Sweet Springs, Monroe County, West Virginia.| J. Bell, foc. cit,, p. 235. .o voeeeniouaes coull. )
Buford’s Gap Springs, Bedford County, Virginia..| W, B. Rogers, p. 330 ceeceenuicciineaan cnn 75
McHenry Springs, Scott County, Virginia........ W. B. Rogers, p. 328 ceeeeiciiiiieiicnanaan| 68
Warm Springs, East Tennessee....c...vuecnn-.. J. H. Kain, Sill, Jour. I, 1,66 ......c..o...... o5
Warm Springs, Buncombe County, North Carolina.] E. D. Smith, Sill. Jour. I, iii, 117.. ecee...c..| 104
2. REGION OF THE OZARK.
Washitaw, Hot Spring County, Arkansas . .. ....[ D. D. Owen, Geol. Ark., 2d Am. Rep., p. 22 ..} 148
3. REGION WEST OF THE PLAINS,
Hot Spring Mining District, Montana . ..... «e-=-{ A. C. Peale, U.S. Geol. Sur. Ter., 1872, p. 172.| 124
East Fork Madison River, Montana............. A. C. Peale, U. S. Geol. Sur. Ter., 1871, p. 198.} 199
Snake River, below Upper Cafion, Idaho ........ A. C. Peale, U. S. Geol. Sur. Ter., 1872, p. 178.| 144
Twenty-five miles east of Flathead Lake, Idaho...| J. Mullan, Pac. Ry. Rept., 1, 518 c........o .| ...,
Lou-Lou Fork of Bitter Root River, Idaho....... J. Mullan, Pac. Ry. Rept., i, §30 ... .........| *132
Deer Lodge Prairie, Upper Hellgate River, Idaho.| J. Mullan, Pac. Ry. Rept., i, 343 ceevoeceeu il oL,
Big Hole Prairie, Wisdom River, Idaho .........| J. Mullan, Pac. Ry. Rept., i, 326 ... ....... 132
Steamboat Spring, Bear River, Idaho............ A. C. Peale, U. 8. Geol. Sur. Ter., 1871, p. 193.]  85.5
Near Fort Hall, Idaho. ..ocev caeeen oo aao.. A. C!'Peale, U. S. Geol. Sur. Ter., 1872, p- 175-] 87
North of Snake River, near Fishing Falls, Idaho..| J. C. Frémont, Rept. 1st and 2d Exp., p. 170...| 164
Hot Springs on Gardner’s River, Wyoming ...... A. C, Peale, U. S. Geol. Sur. Ter., 1872, p. 175.| 162
Ycllowstone River, from Yellowstone Lake to | A, C. Peale, U. S. Geol. Sur. Ter., 1872, p. 176.| 198
Tower Fall, Wyoming.
Snake River, near southern boundary of Yellow- | A. C. Peale, U. S. Geol. Sur. Ter., 1872, p. 178.| 158
stone Park, Wyoming. .
Geysers of Firehole River, Wyoming............ A. C. Peale, U. S. Geol. Sur. Ter., 1872, p. 176.] 199
Upper Cafion of Snake River, Wyoming. ........| A.C. Peale, U. S. Geol. Sur. Ter., 1872, p. 178.| 194
Hot Spring Gate, Platte River, Wyoming....'.... J. C. Frémont, loc. cit., p. 55 cccoenee i e oan
Hot Spring, Big Horn River, Wyoming .........| Land-Office Map, 1868 .................. ... ........
Near Laramie, Wyoming ... eeceenenoonano.....| H. Stansbery, Exped. to G. S. Lake, p. 55 ..... 71
Near Colorado Springs, Colorado -..............] A. C. Peale, U. S. Geol. Sur. Ter., 1872, p. 102.| 60
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Localities of Thermal Springs in the United States—Continued.
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Locality. Authority and reference. Fahr.en-
heit.
Mound Soda Spring, Park County, Colorado - ... W.L. Marshall. cccentvemmaniaeenicanevnnnn. 70
Mound Sulphur Spring, South Park, Colorado....}...... & Lo Pt I (07 4
Sulphur Springs, Hertzel’s Ranch, Park County, |...... L ) P
Colorado.
Chalk Creek, Lake County, Colorado.... . ceeveeleeeece@0 cionviieiieniirnnsos coveneacnaaoa| 98
| Ojo de los Caballos, San Luis Park, Colorado - . ««|eece o280 «eveaean cenn cove coccnecnacmacncnaes| III
Pagosa, Upper San Juan River, Colorado........|-... .. O e e eeaeeee]| 142
Sulphur Spring, 12 miles north of Del Norte,Colorado| George M. Wheeler.. .ceu e cvocamncaaaaae il aaes
Arkansas River, three miles below the mouth of |...... dO cooimce e iaeeeeacae seecvemcan e ne]acanaens
the South Arkansas, Colorado.
Poncho Creek, one and a half miles above junction |...... s Lo NP (RN
with South Arkansas, Colorado.
Four miles east of Cafion City, Colorado.........|..-... 6 g S s
Twelve miles northeast of Pagosa, Colorado......|.c.... & 78
Three miles southeast of Pagosa, Colorado . ......|...... LS 120
Idaho Springs, Colorado.. ... ... ...cc....ao.e. H. Montague. cooueeeeeeiimiiie e eenemaaa| 11407
Grand River, above Grand Caiion, Colorado ......| F. V, Hayden, U. S. Geol. Sur, Ter., 1870, (re- | 112
print, p. 184.)
Warm Spring, Juab Valley, Utah............... Pac. Ry. Rept. xi, Beckwith’s map. .. ceeeeeasfueancnnn
Head of Jordan Valley, Utah................... T. V. Brown ..o..ooiiiiiiiiiiii e s 128
Sixteen miles west of Minersville, Utah.......... E.E. Howell.oooioiirviieiiions cecnieannn 185
Spanish.Fork Cafion, Wahsatch Mountains, Utah.| T. V. Brown ..... ... ... ..o.ciiieaiiiot| 145
Spanish Fork Cafion, Utah..................... George M. Wheeler...cc.cvvoceean i e enn 111
Mouth of Ogden Cafion, Utah...cc.eeeeeana.. A. C. Peale, U. S. Geol. Sur. Ter., 1872, p. 175.] 121
Ten miles north of Ogden, Utah ................ J. C. Frémont, 2c. ¢it., P. 150 cccucccanennn-- 136
Tiwelve miles north from Brigham City, Utah..... A. C. Peale, U. S. Geol. Sur. Ter., 1872, p. 175.| 132
Near Pah-van Butte, Sevier Desert, Utah........ A 1) R
Fish Springs, south end House range, Utah ... ..| H. C. Yarrow ... ceeeeriimeiinier civnnan. 74
Near Cave Spring settlement, Utah . ...... ......{...... dO oo i e ceiaeee e 90
West base of Mineral range, Utah ...... ........ Froiseth’s Map of Utah.. ccovoviamenn o oo iae
Geyser, (?) 25 miles southwest of Pauquitch, Utah.} G. K. Gilbert.. ... ceoeiriininiiinniiieaaloai i,
Warm Spring, north end of Utah Lake, Utah ....| H. Stansbery, Exped. to Gt. Salt L., map..«...jeeee ...
Near Salt Lake City, Utah .. .......o...........| H. Stansbery, Exped. to foc. cit., p. 129.. ... ... 128
Warm Spring, north end of Onaqui Mountains, | H. Stansbery, Exped. to e. cit,, p. 117 ....... 74
Utah.
Head of Provo Cafion, Utah.ceaveceevainounnn. George M. Wheeler. .oooeeaoaai i, 72
Near Midway, Utah. . oo aian oo E.E.Howell. ccooon i e i aaca e 108
Undine Springs, Labyrinth Cafion of the Colorado, | J. W. Powell.. .. ceonaaii it iiiriaeiaaa]innaan.
Utah.
¢ Narrow Caiion”’ Oft}.IC Colorado, Utah ........{...... [ Lo S P PP 91
' Lava Springs, Grand Cafion of the Colorado, Arizona|.. ... 6 Lo 89
East base of Kern Mountains, Eastern Nevada ...| H. Crueger...... ccuoeuviirriuieccenaaacanes]eonmann-
East base of Humboldt Mountains, Nevada -_.... E. G. Beckwith, Pac. Ry. Rept., i, p. 30..---. 170
Near Pyramid Lake, Nevada -......._.......... J. C. Frémont, Joc. cit., p. 215 .cccece coannecnn- 208
Las Vegas, Southern Nevada ................._. J. C. Frémont, Zoc. cit.,, p. 266.ccececcenunn.. 73
Boiling Spring, north end of Mud Lake, Nevada..| E. G. Beckwith, Pac. R. R. R., xi, map «cccevofeeannn..
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Localities of Thermal Springs in the United States—Continued.

Locality. Authority and reference. Fahf'en-
‘ heit.
Ash Meadows, Southern Nevada................ W. J. Hoffman .. ccunioieoniiai e aaan.. 81.6
Silver Peak, Nevada.... ... ...l DA Lylena e e el 117.8
Diamond Valley, 30 miles north of Eureka, Nevada.] W. J. Hoffman ... ..oc.eceeenieinaaian.. *150
San Antonio, Nye County, Nevada.............. T V. BrOWI voceencencaeonecacececanonsoeee|oncnanne
Hot Spring, 10 miles south of Ophir Cafion, Nye | G. K. Gilbert. ... .coceiiienimmennniiniai]oanont
County, Nevada.
Hot Sulphur Spring, Carlin, Nevada............|...... R S ETS
Hot Springs, Reese River Valley, Humboldt {...... < [ 30+
County, Nevada.
‘Warm Spring Creek, Independence Valley, Nevada.| George M. Wheeler... .ooveueniaenanaaoii]iio o
Hyko, Lincoln County, Nevada.........cua.o... D. W. Lockwood ............ PO 90
Hot Creek mining district, Nevada. ............ MaPS.cen ceie i eeecre e e e e maaen e e e e
Five miles east of Patterson, Nye County, Nevada.| E. E. Howell. .coceriiimnraoimie oo cmirvacons]ocennnns
Warm Sulphur Spring, Spring Valley, Eastern | Maps .... .. .c....ccoiin vnnnnn.. PPN PO
Nevada.
Hot Spring, north of Winnemucca, Humboldt | Bancroft’s Map of Pac. States and Ter’ys.......{........
County, Nevada. Y
Hot Spring on Central Pacific Railroad east of |...... 41 AR (PR
Winnemucca, Nevada.
Hot Spring, 20 miles southeast of Winnemucca, |...... 1< PR (R
Nevada.
Hot Spring, Elko County, Nevada .. ......cooco.|.oo.. & L PR e
Hot Spring, Elko, Nevada ... ccoceniaaiianaas George M. Wheeler...coveveeniivaaanan... 192
Hot Spring, 30 miles south of Argenta, Lander | Bancroft’s Map of Pac. States. ..coeeveoeveaesfoennnnns
County, Nevada.
Hot Spring, 30 miles cast of Walker’s Lake, Es- [._.... 4 R PR
meralda County, Nevada.
Thirty miles east of Austin, Nevada............. SImpson’s Map . .veeneemaaimans cemeaet e
Steptoe Valley, White Pine County, Nevada . .... Land-Office Maps «.eeveeees coceranonevaaena]enocnaans
White Pine Valley, White Pine County, Nevada..|...... T« R (s
Pahghun Spring, Northwestern Arizona ......... T. V. Brown «ooweceiieananeneiieee e *100
Near Tubac, Southern Arizona..................| Pac. Ry. Rept., vol. vii, Appendix, ixc, p. 30 --|----«--.
Opposite Burke’s station, on Gila River, Southern | Eng. Map of Ter'y W. of MisS .avaee cinvamac]enennenn
Arizona.
Prieto River, Eastern Arizona eccevuceaaaco.onn R. L. Hoxie, (by report) cocece ceovunioeiommafoaancaen
Sixteen miles southeast of Camp Bayard, New | T. Antisell, Pac. Ry. Rept., vii, p. 456........ 130
Mexico.
Apache Tahoe, seven miles south of Camp Bayard, | F. Klett ..covuvuiamnnmnniiienneacnceaaan. 97
New Mexico.
Twelve miles northeast of Jemez,.Santa Anna | O. LoeW....c.cceiuricinrnnrnaqeeccnvannnnaa| 169
County, New Mexico.
Cafiada Alamosa, Socorro County, New Mexico ..|...... 16 s TN 84
At copper mines of the San Francisco River, New |...... dO tevcee et caiieetneee caee e, 130
Mexico.
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Localities of Thermal Springs in the United States—Continued.
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Locality. Authority and reference. Fahren-
heit.
Ojo Caliente, 50 miles north of Santa Fé, New | Colton’s Map of N. Mexico ... eouan. cviieanar]innn....
Mexico.
Tive miles west of Las Vegas, New Mexico ......| F. V. Hayden, U. S. Geol. Sur. Ter., 1870, | 140
(reprint,) p. 164.
Diamond Crecek, near its mouth, Socorro County, | E. E. Howell ... .. ..o....ocooeiiiio. 151
New Mexico.
Ten miles south of Zuni, New Mexico ..........|[...... < L R B
Gila River, near Diamond Creek, Socorro County, | W. N. Maguet ...._... . .................. *100
New Mexico.
On the Rio Grande, below Fort Quitman, Texas ..| Mex. Boundary Survey Map...ooooo oo ciofoio oo,
Deschutes Valley, Oregon een-ee coenn vaenan .. J. S. Newberry, Pac. R. R. Rept. 2, p. 74..... 145
Matheur River, Oregon....-...ocecoeeoooo..| J. C. Frémont, loc. ciz., p. 120.....oomeen oo 164
North shore of Goose Lake, Oregon............. Foley’s Map of California and Oregon. _.......|........
Near Honey Lake, California.............._._.. E. G. Beckwith, Pac. Ry. Rept., xi, map ......{........
Near Mohave River, Southern California. ........ U. S. Engineer Map .. ... ... .oiiiivi]iaennan.
Thirty miles south of Lake Tahoe, California . ....| J. C. Frémont, /loc. cif., p. 224 .. ccccevaeeianfancuane.
Near Fort Crook, Northern California......._...| E. G. Beckwith, Pac. Ry. Rept., ii, p. 56..... f........
Deep Spring Valley, Inyo County, California. . ... DA Lyleom e ieeees 74.6
Benton, Inyo County, California ................ Mr. Partz, (quoted by W. J. Hoffman)........ 170
Ten miles east of Telescope Peak, Inyo County, | W. J. Hoffman ........... .o il 8o. 7
California.
Saratoga Springs, south end of Death Valley, Cal- | T. V. Brown ... .o.ovomoniimean i iaaa.. *70
ifornia.
Near Mission of San Miguel, San Luis Obispo | Pac. Ry. Rept., vol. xi, Parke’s Map San Fran. |........
County, California. Bay to Los Angeles.
Guayamas Valley, San Luis Obispo County, Cali- { Pac. R. R. Rept,, vol. xi, Parke’s Map ........]........
fornia. .
Napa Valley, California...... ...... ............| F. Shepherd, Sill. Jour. II, 12, p. 153 - cxcuu... 169
Geysers, Sonoma County, California. ......._....}...... dO o e [
Mud Volcanoes, 60 miles northeast of San Félipe, | J. A. Veach, Proc. Cal. Acad. Sci., 1857.......|........
San Diego County, California.
Shasta Peak, California ..ccuvveeecennnn. . een J. D. Dana; quoted by J. Bell, Min. and Therm. |.._.....
Springs U S., p. 353.
Near Warner’s Ranch, San Diego County, Cali- | W. P. Blake, Pac. Ry. Rept., vol. v, part 2, p. 142
fornia. 116,
Border of Colorado Desert, California............ W. P. Blake, loc. ity PeOQfeermace cnnecnnannn. 120
San Bernardino Valley, California ...............| W. P. Blake, loc. ¢it., p. 83 veeenrcnonanoannn. 172
Near Walker’s Pass, Kern County, California ....[ Bancroft’s Map ...... ..oocooooiiiiaoae o] oann
Bridgeport, Mono County, California ...........[ J.D. Whitney’s Map.....oocueoniaaomeaaafioaann.
Geyser and Hot Springs, 25 miles south of Mono |...... ] N
Lake, Inyo County, California.
South of Fort Bidwell, California............... .| Foley’s Map of California and Nevada..... R P

* About,
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Of the localities noted within the Colorado Plateau region, (see map,
Plate IIL,) one is only presumably the site of a hot spring ; for at the time

of my visit there was no flow of water. The lake named by Lieutenant

FiG. 59.—Diagram of supposed geyser on the shore of Mountain Lakelet, Southern Utah. b, high-water line; s,

shore at low water.

Wheeler, ¢ Mountain Lakelet,” lies close to the brow of a
westward facing cliff of denudation. The strata dip gently
to the northeast, and the upper beds were carved by streams
flowing in the same direction, into a series of northeast and
southwest valleys and ridges, with a magnitude of 500 feet,
before the cliff had been eaten back -to its present position,
and a natural cross-section of these valleys is exhibited on
the face of the cliffi Two miles back from the face of the
cliff one of these troughlike valleys has been stopped by a
recent lava stream, behind which stands the lake. Perched
almost on the top of a ridge of nearly level strata, it is not
in a position to receive water from deep-seated springs, and
its water supply is not sufficient to give it a permanent out-
flow. Its water level consequently fluctuates, and we saw
it about 25 feet below its highest mark. Between high and
low water there are on its sloping shore four crater-shaped
pits, that I believe to be the seats of intermittent but violent
springs. The accompanying diagram represents a cross-
section of one of them. The upper line, b, s, shows the slope
of the shore from the upper beach to the water. The outlet,
0, is 7 feet higher than the bottom of the pit, and the sides
are about as steep as the soft soil will lie. The bottom, 6
feet broad, is flat, and consists of clean, coarse, well-rounded
gravel, piled, 2t one or two points, into little cones. Three
of the pits were perfectly dry, and the fourth had an inch
of stagnant water. Irom the depth of the excavation, and
from the coarseness of the gravel that remained in the bottom,
I inferred that the action was violent. From the absence of

a swrrounding ridge, and from the shallowness of the dry channel that led

from it at o, I was led to suspect that it was chiefly active when tlie lake
covered it. The close vicinity of very new lava cones suggested that it
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might communicate with a hot dike as the source of its energy. Upoﬁ
such meager data I have noted the locality in the list under the title of
“geyser(?).” If it is a geyser it is certainly a purely volcanic phenomenon.

A second locality, noted within the Plateau area, is that of a copious hot
spring, ten miles south of the Zuni pueblo in New Mexico, and affords one
link of a chain of evidence showing that the usual continuity of the strata is
here broken. Itis upon one margin of the broad dry Zuni Valley, here
limited, east and west, by low sandy hills, in which the geological structure is
not displayed. In journeying along and across this valley, from Zuni to Ojo
de Benado, a distance of twenty miles, I parted from upper Trias rocks in
such manner as to suppose that hidden beneath me were lower Trias, and I
was greatly surprised to find the next outcrop at Benado Cretaceous. Mr.
Howell, who afterward crossed the same interval by a different route, ex-
perienced the same surprise, and we regard the hot spring as a phenomenon
of the fault which we are compelled to assume in the correlation of the
stratigraphical facts.

Of the warm springs found by Professor Powell in the gorges of the
Colorado, one, the “Lava Spring,” issues from the Toroweap fault, in the
immediate neighborhood of the Uinkaret group of basalt cones, some of
which are of very recent origin; but the springs in Labyrinth and Narrow
Cafions have no ascertained relation either to eruptions or to dislocations.

The hot springs observed by Mr. Nell near Pah-vant Butte, Utah, by
Dr. Yarrow near Cove Creek, Utah, and by Lieutenant Lyle near Silver
Peak, Nevada, are in the close vicinity of basalt cones of no great age.




CHAPTER VL

THE STRATIFIED ROCKS.

Our knowledge of the distribution of the sedimentary rocks represent-
ing the several divisions of geological history is very unequal in the two
provinces of our field. Among the level, cafion-cut rocks of the Plateaus,
the sequence of the strata is never lost. Save where covering lavas are
crossed there is no break in observation. One bed is followed with the eye
until it either dips beneath the surface or is ended by denudation, and an-
other bearing a definite and evident relation to it is then taken up. Every
newly discovered deposit of fossils falls at once into its appropriate place in
the general scheme, and conformity and nonconformity are seen at a glance.
Nearly every line of cliffs on the topographical map is a geological boun-
dary ready drawn.  In the Basin Range System the case is reversed. The
mountains divide the space with the valley gravels, and only the imagina-
tion can fill the gap between range and range. Eruptive rocks serve still
further to mask the sedimentary, and the outerops of the latter are reduced
to the condition of islands, each of which is a problem in itself, which dislo-
cation, metamorphism, and unequal denudation serve to complicate.

The best of the stratigraphical sections obtained by the writer are in-
cluded in the following series, and accessory data helping to correlate them
will be given in the sequel.

The notation is invariably from the top down, as one reads a page,
and this rule is followed throughout my report. The numbers given to the
strata in the several sections are independent, each section standing by
itself as a fact of observation.

At the time of the preparation of this report the collections of fossils
have not been studied. A preliminary examination was made of the inver-
tebrates by the distinguished paleontologist, Mr. F. B. Meek, and the species
mentioned in the sections and elsewhere in the text have nearly all the
authority of his identification. A few, however, of the more familiar forms

were determined by myself.
156
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Secrion IL.—East face of Sam Pitch Plateau, at Wales, Utah. The
thicknesses, except of the coal seam, are estimated—

Feet.
1. Calcareous and argillaceous beds, with pale ochreous,

and gray tints:
a. Massive limestone, with some chert, 75 feet.
b. Tender, argillaceous limestone, with some calcareous
sandstone, 500 feet. > 1,025
¢. Fine-grained limestone, nearly white, 50 feet.
d. Soft shales, with restricted beds of limestone and
calcareous sandstone, [ Viviparus, like V. Conradi,]
400 feet. 3
2. Gray, sectile limestone, containing coal and numerous )
fossils, [ Viviparus trochiformis, Goniobasis Nebras-
censis, and seeds of Chara:]
a. Limestone, 30 feet.
b. Slaty coal, 9 inches. \ 46
¢. Limestone, 2 feet.
d. Bituminous coal, 40 inches; reduced by calcareous
bands to 36 inches, net.
e. Limestone, 10 feet. , )
3. Gray and cream,soft shales, with thin bands of limestone, )
[ Viviparus trochiformis, Viviparus , Goni-
obasis tenuicarinata, G. Nebrascensis, Planorbis,
Physa, Unio vetustus:]
. Shale, 18 feet.
. Arenaceous limestone, 1 foot.
. Shale, 10 feet. - 221
. Calcareous sandstone, 2 feet.
. Shale, 175 feet.
. Dark gray limestone, 1 foot.
. Shale, 2 feet.
. Sandstone, 2 feet. .
t. Shale, 10 feet. Al
4. Cream and gray soft shales, with cream caleareous sand- )
stones:
a. Sandstone, 10 feet.
b. White, sandy shale, 50 feet. }
¢. Sandstone, 3 feet. 147
d. Shale, 20 feet.
e. Limestone, 1 foot.
Jf. Sandstone, 10 feet.
g. Shale, 50 feet.
h. Sandstone, 3 feet. 3y
5. Red shale, base not seen ...... e meeaae e 40

FiG.60.—Sec. I.—Wales
Utah. Scale,1-7200.
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No. la caps the escarpment of the
plateau. Back of the escarpment the sur-

face rises in a series of terraces, that were

not visited, but which are constituted of
superior strata, with a total thickness of
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16. 62.—See. IIL—
North fork Virgin
River. Scale, 1-14400.

Fic. 61—See. IL—As- not less than 500 feet.
ay’s, Utah. Scale K
1-7900. ’ SectioN IL—Two mileswest of Asay’s

Ranch, near the head of the main Sevier River, in South-
ern Utah.
Feet.

1. Basaltic gravel... ... .. cciiier i iieiiiiiiiiiiaiiaas 100
2. A variable, calcareous, and arglllaceous series, char- ]
acterized by white and pink coloring. The sub-
divisions are not traceable over large areas:
a. White to cream limestone, in part concretionary,
also brecciated and cherty, 150 feet.
b. Coarse, friable, yellow sandstone, 40 feet.
¢. White limestone, with chalcedonic geodes, 20 feet. (
d. Pink and white marls, 20 feet. 560
e. Brecciated white limestone, 70 feet.
J. Pink and white marls, 150 feet.
¢. Gray sandstone, weathering with vertical flutings,
15 feet.
h. Red marl, 85 feet.
i. Gray sandstone, with vertical flutings, 15 feet. 3

Total .ovnue i e 660

Secrion IIL—The rocks exposed by the north fork

of the Virgin River, from the vicinity of Mountain Lakelet
to Rockville, Southern Utah. All thicknesses estimated.

. . . Feet.
1. White and pink, calcareous beds, limestones and marls, ) *

subdivisions extremely variable:
. Pink to eream limestone, 50. feet.
. White marl, 20 feet. ‘
Pink marl, 100 feet.
. White marl, 30 feet.
Pink marl, 50 feet. © 1,200
Brecciated limestone; white to pink on fracture,

pink on weathered face, 400 feet.

. Pink (limestone %) softer than f, 75 feet.
. Pink and white limestone, 100 feet. ,
i. Pink (limestone ?) softer than f, 375. J

Lo NS &

=R
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2. Pale green-yellow, soft sandstone and sandy shale ......
3. Pale green-yellow, massive, calcareous sandstone, divided
by a shaly zone into two principal beds, [Corbicula
(Veloritina) Durkeei] . ... .. ool il
4. Shales, with coal. A large portion of this was not exposed.
A portion toward the top is arenaceous and white.
The highest coal-bed seen is near the middle of the
“series, and the shales below itare chiefly gray [ Corbula.
5. Gypsiferous shales: %
a. Red clay-shale, 100 feet. ’ b
b. White clay-shale, with bands of gypsum, 50 feet. )
6. Cream-colored, sectile, fossiliferous, calcareous, and )
arenaceous beds : |
a. Bedded limestone [ Camptonectes, Inoceramus|, 30 ft. |
b. Calcareous shale, with the same fossils, 60 feet. r
¢. Calcareous sectile sandstone, shaly toward the base i
| Pinnal, 60 feet. 5
. Softredshale..... ....... .. il
8. Massive cross-bedded sandstone, cream-colored above,
banded withred below......... ... ... ......
9. An alternation of red and slate-colored, saline, sandy
shales, with deep red, bedded, in part cross-bedded,
sandstones; the latter in three principal masses.. ..
10. Variegated gypsiferousclays.......... ... .. .. ...,
11. Yellow conglomerate, with sﬂlclﬁed wood .............
12. Chocolate sandstone, changing below to sandy shale, and
banded near the base with slate-colored strata. ....

Total con e i e .

SrcrioN IV. West fork of Paria Creek.

1. Argillaceous shales, with coal: |
a. Blue-gray shale [Inoceramus problematwus] 50 feet.
b. Coal, 4 feet.

c. Bltummous shale, 1 foot.

d. Soft gray shale, 25 feet.

e. Yellow shale, 3 feet.

J. Shell-limestone[ Ostraa, Inoceramus,Trigonia], 1foot.
g- Soft yellow-gray shale, 2 feet.

k. Coal, 4 inches. _

4. Soft gray shale, 6 feet. g
J. Coal, 1 foot.

k. Soft gray shale, 50 feet.

l. Coal, 3 feet.

m.Shale, 15 feet.

n. Coal, 1 foot 6 inches.

o. Bituminous shale, 1 foot.
p. Coal, 2 feet 4 inches.

g. Arenaceous shale, 17 feet.
r. Coal, 2 feet 2 inches. )

-

Feet.
1, 800 !
600 1
1,200 |— — —
2 e
150 e
3
5
50|-8
]
2, 000 R
%
——
00| T e
300
50 = ~/\§
L
<
200 N
8,400 YVYem—
\
Fect s
. ]

Fic. 63.—Sec. IV.—
Paria Creek, Utah. -
Scale, 1-7200.
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Feet,
2. Cream shale, with occasional fillets of red shale, and of
sandstone. ... i e 300
3. Dark red, brown, and purple, soft (gypsiferous ?) sand-
1 F317) 1 T 400
4. Soft arenaceous shales : b
a. Slate-colored to cream shale, 50 feet. } 125
b. Purple shale, 75 feet. §
5. Cream, cross-bedded, friable, massive sandstone......... 120
2 6. Alternations of shale and sandstone :
a. Red sandstone, 5 feet.
b. Gray shale, 30 feet. -
¢. Red sandstone, 10 feet. 9%
d. Gray shale, 30 feet.
e. Gray shaly sandstone, 20 feet. s
3 7. Massive cross-bedded sandstone, eream to ocher in color. 900
8. Massive cross-bedded sandstone, yellow, banded with
vermilion, the latter staining the escarpments..... 800
9. Variegated gypsiferous clays, with silicified wood...... 450
10. White (to yellow) eonglomerate, with silicified wood,
resting on eroded surfaceof 11................ “e. 06075
% 11. Chocolate gypsiferous clays: b 450
a. Soft chocolate shale, 225 to 300 feet. } ;:)
b. The same, harder and sandy, 50 feet. ‘ 375
¢. Soft brick-red shale, base not seen, 100 feet. §
4 1] 7 ) N 4,275
5 Thicknesses estimated except in the coal - series,
No. 1.
Seerion V. Jacob’s Pool, Northern Arizona.
= J{ Feet.
T 1. Massive cross-bedded sandstone, red, with bands of
buff .o e 500
2. Bedded red sandstone, with alternations of sandy red
7 shale; a transition from1 to3 .................. 500
3. Gypsiferous cherty clay-shale, red at top, variegated
: below. Numerous silicified logs near base........ 700
I_-I__ll:]:( 4. Gypsiferous cherty clay-shale:
3 a. Chocolate arenaceous shale, 50 feet. \L
Fie. 64.—Sec. V.—Ja- b. White soft shale, 100 feet. 460

col’s Pool,
Scale, 1-7200.

Utah,

¢. Chooolate soft shale, 300 feet. IS
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Feet.
5. Cherty limestone series:
a. Soft red sandstone, 20 feet.
b. Dark gray limestone, [Pleurophorus, Bakevellia,
Schizodus,] 20 feet.
¢. Red sandstone, 10 feet. - 850
d. Chertylimestone,light gray, heavy bedded; afew feet
at topsectile and shaly, the remainder standingina
sheer cliff,[ Mcekella, Pseudomonotis, Aviculopecten oc-
cidentalis 2, Hemipronites, Productusivesii,* 800 feet.

6. Gray, cross-bedded, calcareous sandstone.............. 50
7. Red shaly sandstone...................... e ee eee. 700
Total .oonnenenn. .. e e e e e 3,750

Beds 1, 2, and 3 were measured; the remainder
estimated. A few miles east, in the same escarpment, a
red conglomerate appears under No. 3, with a thickness of
75 to 100 feet, and cuts out No. 4 @ and part of No. 4 b.
Nos. 5 b and 5 ¢ are also replaced in a neighboring ex-
posure by a gray, cherty, calcareous conglomerate, result-
ing apparently from the local degradation of 5 d.

Section VI. The lower cafion of Kanab Creek.
Above No. 1 are chocolate and gray shales, equivalent to
No. 4 of Section V.

Feet.
1. Massivesandstone,(a,dark red; b,yellow; ¢,red, calcareons) 150
2. Cherty limestone series: D

a. Yellow limestone, with much white chert (weather-
ing black) and a belt of sandstone, 140 feet.

b. Gray and white heavy-bedded to massive limestone,
withmuch chert, [ Meckella striato-costata, Productus
ivesit, P. (non des.)Spirifer lineatus, Orthis, Athyris
subtilita, Hemipronites, Fenestella, Chetetes, Zaph-
rentis,] 300 feet.

¢. Shaly limestone, cream to gray, G0 feet.

d. Gypsiferous shale, with massive gypsum, and bands
of white, friable sandstone, 90 feet.

e. Heavy-bedded, cream to gray, limestone, crinoidal
and somewhat cherty, [Productus ivesii, Spirifer
lineatus, Fenestella,? Chetetes,] 180 feet. 3

* The form designated by Dr. Newberry, Productus ivesii, is considered by some
paleontologists to be undistinguishable from Productus semireticulatus, W hether
it deserves to rank as a separate species or only as avariety of the long-established
species, it is important to recognize the existence of the form, since it is diagnostic
of the Aubrey limestone, being confined, so far as is now known, to that horizon,
while P. semireticulatus rangesin tho same region through the entire Carbeniferous
series.

11 w s
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Fic. 65.—Sec. VI—
Kanab Cafion, Ariz.
Scale, 1-7200.
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I16. 66.—Sec. VIL.—
Grand Cafion, Ariz.
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GEOLOGY.
Feet.
3. Shaly and sandy limestone, or calcareous sandstone. . .. .. 50
4. Red sandstone:
a. Deep red, friable, bedded sandstone, 350 feet.
b. Red heavy-bedded sandstone, 130 feet.
~¢. Dark gray limestone, 2 feet.
d. Massive, cross-bedded, red and purple sandstone, r 980
400 feet.
¢. Massive, cross-bedded, buff sandstone, 50 feet.
J. Massive, cross-bedded, purple sandstone, 50 feet.
5. Purple and white, heavy-bedded, arenaceous limestone,
with pink chert; in one bed, passing into cross-
bedded sandstone..... ...l 200
6. Massive saccharoid limestone, gray to cream, [Spirifer,
Orthis, Chonetes]..................... P 1,000
‘1. Massive gray limestone, with some chert; interrupted by
bands of hard calecareous shale, and characterized,
toward the base, by coralline mottlings........ .. - 950
8. Green, arenaceous, and micaceous shale.............. .. 100
Total..coovoeonnnn e e as . eeeeieae. 4,200

SectioN VIL. The wall of the Grand Canon of the
Colorado at its mouth. Nos.-1, 2, and 3 were not measured
nor crossed at this point ; they constitute an upper terrace,
retreating several miles from the immediate front of the

chasm. The remainder of the section was measured by

- aneroid barometer.

Feet.
1. Gray, saccharoid, cherty limestone.................... 200
2. Massive, cross-bedded, yellow sandstone............... 300
3. Friable red sandstone ........... ... ool 800
4. Alternating limestone and sandstone :

a. Cream fine-grained limestone, [Archeocidaris,] 75
feet.

b. Dark gray fine-grained limestone, 25 feet.

¢. Cream fine-grained limestone, 20 feet.

d. White calcareous sandstone, 35 feet.

¢. Gray fine-grained limestone, 40 feet.

/. Red and purple cross-bedded sandstone, 315 feet.

i
IL 510
I_
l

5. Gray limestone, massive to heavy-bedded, and in part
cherty ; standing in sheer cliff with red-stained face,
[Spirifer cameratus].......... et 800

6. The same limestone, alternating with calcareous shale... 1,365

7. Massive limestone, with coralloid mottling............. 75
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Feet.
8. Shale series, (Tonto shale :)

a. Soft green shale, with intercalated pale red sand- |
stone, 100 feet.
b. Arenaceous limestone, with obscure coralloid mot-
tli[lg, 25 feet. 605
¢. Greenish shaly sandstone, 40 feet.
d. Limestone, like b, 25 feet.
e. Green and purple shales, arenaceous toward the !
base, and in part hardened to a shaly sandstone,
[Cruziana), 415 feet. '

9. Vitreous sandstone, white to yellow and red; heavy-

bedded, (Tonto sandstone) ........ccoviiinoaaen- 80
10 Granite, gneiss, &e., unconformable. ..... ............. 90
U 7 B 4,825

163

Secrion VIIL Aubley COliff, fifteen miles southeast of Bill Wﬂhams
Mountain, Arizona. Roughly measured by aneroid barometer.
1 JIHNTHITTTNG)

1o Basalt oo ... i i e e e
Cherty limestone :

a. Gray, heavy-bedded, cherty limestone, [Orthoceras,

Bellerophon, Productus,] 200 feet.

b. Gray caleareous shale, 15 feet.

¢. Gray cherty limestone, 60 feet.
3. Massive, cross-bedded, yellow sandstone........:.......
. Friable red sandstone. .. ... ... . iiieiiiiaianann
5. Alternating fine-grained limestones and calcareous red

and yellow sandstones. ...............c..oioa.n. 400

6. Massive gray limestone; redin escarpments, (basenotseen). 400

%)

N

Total. ... e e e 2,100
Section IX. Aubrey CIliff, at Cafion Creek Northern
. Arizona  Beds 2, 3, and 4, constituting the cliff proper,
were measured by aneroid barometer; the remainder were
estimated only. Bed 1 does not conform, and was seen
near by resting on 5 b.

Feet. ¥re. 67.—Sec VIIL—

1. Coarse uncemented gravel, of quarzite and gneiss bowlders. 20
2. Massive, cross-bedded, yellow sandstone ..... ......... 525
3. Compact gray limestone, | Spirifer cameratus]............ 65
4. Red and purple sandstone, soft at top, massive below .. .. 500

Aubrey Cliff, Ariz.
Scale, 1-7200.
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HSSSSS ’ Feet.
E 5. Alternation of gray limestone and red shale: b o

. Limestone, 5 feet.

. Unseen ; shale(?) 100 feet.

. Limestone, [Athyris subtilita,| 10 feet.

. Red calcareous sandstone, 4 feet.
Shale, 40 feet. .

. Limestoue, 4 feet. ¢ 32

. Unseen ; shale (%) 25 feet. '

. Massive limestone, 10 feet.
Unseen ; shale (?) 75 feet.
Limestone, 2 feet.

. Unseen ; shale(?) 50 feet.

NN LS =2

J

————— ——{ 6. Sandstone: ' )

E—— a. Brown to red, coarse vitreous sandstone, massive
to shaly, 100 feet.

b. Gray fine-grained sandstone, weathering red, falling

- apart in angular blocks, 75 feet. 425

e ¢. Shaly calcareous sandstone, 75 feet. I

///// y //// // ' d. Vitrcous, red, purple, and white sandstone, 150 feet.
[ 4 / /) / // // e. Coarse siliceous conglomerate, 25 feet. -3
7 ///// //// 1 7. Hornblende rock and schists; unconformable ........... 5004
'/////////
L 0 7 ) A 2, 360

Frg. 68.-—Sec. IX.—
Cafion Creek, Ariz.
Scale, 1-7200.

Seerion X. On Carrizo Creek, Northern Arizona. Thicknesses esti-

mated.
Feet.
. Coarse gravel of vitreous sandstone or quartzite and
gneiss; unconformable ....... ... ... ... ... 50
. Massive, cross-stratified, yellow sandstone .............. 150
. Red and gray shales, interrupted by calcareous beds..... 400
. Dark gray limestone, [Nautilus occidentalis, Bellerophon
crassus, Euomphalus, (like E. nodosus,) Macrocheilus,
Pleurotomaria, Murchisonia, Allorisma, Aviculopecten
interlineatus, Productus semireticulatus, Archeocidaris,
Ienestella Shumardi (%), Glauconome] ... ...._.... 100
. Alternating cream, or gray, and red shales; soft, and
carved by rain with vertical flutings .............. 500
Bedded red sandstone, shaly at base.................... 200
. Gray limestone, with carnelian fossils and chert, [ Athyris
! subtilita, Spirifer cameratus]...................... <20
Fig. 69.—Sec. X.—

Carrizo Creek, Ariz. .
Scale, 1-7200. Total ... .......... e P 1,420
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Secrron XI. North from and near Camp Apache, Arizona. Measured

by aneroid barometer.

—

]

1S

. Basalt and basalt gravel

. Pale pink, slightly coherent, massive sand and gravel,

resting uncomformably on No. 3 .................

. Calcareous sandstone :
a. Yellow, 100 feet.
b. Red, 180 feet.

. Soft red and gray shales, interrupted by sectile lime.
stone :
a. Unseen ; shale (), 190 feet.
b. Soft red shale, 50 feet.
¢. Gray limestone, 10 feet.
d. Gray shale, 10 feet.
e. Yellow limestone, 4 feet.
/. Red and gray shales, 60 feet.
g- Gray to cream limestone, with minute fossils, 25 feet.
L. Red shale, 80 feet.

5. Fossiliferous gray limestone :

6. Red gypsiferous shales, with sandstone and limestone: 3

a. Thick-bedded limestone, 25 feet.

b. Unseen; red shale (%), 25 feet.

¢. Limestone, sectile to massive, with some chert, [Pro-
ductus, Bellerophon, Spirifer, Archwocidaris], 75
feet.

a. Unseen ; shale (?), 160 feet.

b. Cream-gray thin-bedded limestone, 15 feet.

c. Unseen ; shale (%), 85 feet.

d. Green-gray impure limestone, 15 feet.

e. Red gypsiferous shale, 70 feet.

J. Massive gypsum, 10 feet.

- 9. Red shale, graduating below to soft red sandstone,

240 feet. - ‘

h. Red and gray shale, interlaminated with gypsum,
70 feet.

i. Calcareous sandstone, with prints of mud-cracks, 1
foot.

J- Red, shaly, ripple-marked sandstone, with red clay-
shale, and red sandy shale, 120 feet.

k. Unseen; shale (%), 50 feet.

[
3
]

3

)S

836

Fig. 70.—8cc. XL—
Camp Apache, Ariz.
Scale, 1-7200.
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Section XII. East front of the Spring Mountain range,
——=——- twenty miles west of Las Vegas, Nevada; Cottonwood
~1 Creek. Only the limestones were measured.
1 Above the massive sandstone (1) is a dark-gray lime-
stone, not examined in place.
Feet.
1. Massive red and yellow sandstone: ?
a. Yellow, 250 feet. i
b. Red, 150 feet. ? 1,000
¢c. Yellow, 200 feet. :
d. Red and shaly, 400 feet. S
2 2. Bedded, fine-grained to saccharoid, limestone, gray and
cream-colored ; beds separated byshaly layers, so as
3 3 to weather in steps, [Phillipsia (%), Macrocheilus
(non des.), Naticopsis, Aviculopecten, Avicula, Meckella,
i S— Myalina, Productus semireticulatus, Spirifer lineatus,
Athyris subtilita, Synocladia] . .................... 500
3. Massive gypsum, white and red, in lenticular masses .....0 to 70
EE 4. Gray, massive, cherty limestone: D
5 — ‘a. Limestone, [Meekella, Productus, Chaetetes, Syring-
— T T opora,] 250 feet. 475
—— b. Unseen ; red (shale %), 25 feet.
Frg. 71.—Sec. XIL— " ¢. Limestone, 200 feet.
%‘;i,‘“gs,cﬁif"{_%gbﬁ' 5. Friable sandstone, in places shaly or marly ; variegated
T __& © with brilliant iron colors........ e, 350
[ — Total ...... ..o ool 2,395
______ Secrion XIIT. Oquirrh range, at Ophu City, Utah.
2 |=====-={ The rocks were not measured except in total. Above the
strata examined lies conformably a series of strata, chiefly
limestone, that cannot be less than 2,000 feet in thickness.
(See Fig. 15). '
Feet.
3 1. Blue-gray, calcareous shale, with bands of limestone,
[Productus] ... .. ooiiiiit ittt 75
2. Bedded gray lxmestone, divided by sha]y bands into three
principal beds; in the lowest, fossils, [Phillipsia,
& Chonetes, Athyris subtilita, Polyporal .............. 800
3. Shaly limestone - - . .. -- 300
5 ] 4. Dark gray bedded llmeitono [ thllzpsw{ St1 apmollus,
(like 8. plano-dorsatus,) Conocardium, Hemipronites,
G Athyris, Ptylodictya, Syringopora}........... ..... 400
5. Light gray, massive, saccharoid limestone, [Conocoryple,
_________ Dikellocephalus]. ... .cooovivaveeeanaee v e 100

Fi6. 72.—Sec. XIIL—
Ophir City, Utah.
Scale, 1-7200,



THE STRATIFIED ROCKS,

Feet.

6. Massive (and sectile) limestone, marked,in light and dark
gray, with coralline mottlings -.........oianiint 300
Total cooviriiee i e eieeaen 1,975

Beneath No. 6 Mr, J. E. Clayton found argillaceous shale with
Olenus Gilberti. .

SectioN XIV. House range, Western Utah, at Fish
Spring. Measured with aneroid barometer.

Feet.
1. Massive, light gray, calcareous sandstone. .............. 40
2. Dark gray, cherty limestone, massive; in part brecciated
and in part pisolitic . .......... ool 700
3. Gray sandstone, weathering ocher brown; changing at
base to arenaceous limestone ............... . ..... 120
4. Sectile to shaly limestone ........ ... ... ... ....L 200
5. Massive, dark gray, brecciated limestone, with fossils near
base, [Asaphus, Paradoxides (?), Orthoceras, Bel-
lerophon, Scalites, Strophomena, Orthis, Receptaculites,
Phyllograptuss] «oeeeeeoueiieienianenn. . 500
6. Dark, blue gray, massive limestone. .................... 520
7. Pale gray, massive, saccharoid limestone.... ........... 180
Total. c.ovie e et i i e el 2,260

SectioNn XV. House range, Western Utah, at Dome
Pass and Antelope Spring. Measured in total only.

Feet.

1. Gray massive limestone......... ... ... ... ...... . cee. 200
2. Blue-gray calcarcous shale, [Bathyurellus (Asaphiscus )
Wheeleri, Conocoryphe Kingii, Agnostus (non des.),

Discina] .o ooeee e 200

3. Gray limestone, light and dark, chiefly massive ........ 900
4. Vitreous sandstone, nmber-brown on weathered face,

base notseen ................ i 1, 000

b 0 1 2, 300

SectioN XVIL Schell Creek range, Eastern Nevada,
at White’s Peak. Thicknesscs roughly measured.

Above No. 1, and appearing in a parallel ridge to
the west are heavy gray beds, probably of limestone.
(See Fig. 22.)
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Fi16. 73.-—Sec. XI1V.—
Fish Spring, Utah.
Seale, 1-7200.
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F1G. 74.—8ec. XV.—
Antelope Spring
House range, Utah.
Scale, 1-7200.
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Feet.

1. Quartzite:
a. Rose quartzite, of fine texture, 1,100 feet.
b. Reddish quartzite, 100 feet.
¢. Rose quartzite, 500 feet.
d. Pale gray quartzite, 500 feet. P 4, 780
¢. Alternating pink and gray quartzite, 1,100 feet.
f Dark gray vitreous conglomerate, 100 feet,.
g. Coarse-grained gray quartzite, 1,200 feet.
. h. Reddish-gray vitreous conglomerate, 180 teet. 3
2. Green quartziferous schist: ?
i

a. Schist, 250 feet.
b. Pale gray quartzite, 20 feet.
¢. Schist, 160 feet.
| 3. Pale gray quartzite........ ... ... it 850
— 4, Siliceous and argillaceous schists, alternating with )
; quartzite; prevailing colors gray to green:
. Dark green-gray, sectile quartzite, 250 feet,
Changing to green-gray quartzose schist, 300 feet.
Gray quartzite, weathering yellow, 175 feet.
Green-gray schist, 375 feet.
. Gray quartzite, 20 feet.
. Schist and quartzite, iu rapid alternation, 500 feet. § 5,520
. Reddish gray quartzite, 250 feet.
. Gray to brown clay-slate, 1,000 feet.
Gray quartzite, 250 feet.
Alternation of clay-slate and quartzite, 375 feet.
. Green-gray quartzose schist, 1,800 feet.
. Gray quartzite, with frequent bands of schist, 300
feet. 3

St e e A &8

Total . .ooe o e 11, 580
Section XVII. Pahranagat range, Eastern Nevada,
at Silver Caiion. The upper portion of the section, beds

1 to 4, was measured by barometer; the remainder esti-
mated. The section is not shown in a single exposure, but

Fie. 75.—Sec. XVI—was compiled from the examination of a series of faulted

‘White's Peak, Nev. . .
Scale, 1-21600. masses, extending from Quartz Peak nearly to Fossil Butte.

(See TFig. 31.) 'The fossils from beds 2 and 4 were lost. The lists given
are from field-notes.
Feet.
1. Massive, white, vitreous sandstone (quartzite) . ........... ... ...l 150
2. Black shaly limestone, [ Asaphus, Calymene, Orthis lynz, Chetetes, Strophomena
alternata(?) Orthoceras, d&e.] - ............ e e ae e 350
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Feet,.

3. Massive, white and yellow, vitreous sandstone........... 400
4. Gray fossiliferous limestone, with some yellow sandstone,
and a little shale; in part with coralloid mottling,

[ Receptaculites, Strophomena, Atrypa, &e.]. - . .. e 1,100

5. Gray sandstone, weathering umber brown ............ . 50
6. Hard, massive, siliceous limestono : |

a. White, 1,000 feet. L 1,300
b. Nearly black, 300 feet. §

11077 3,350

Secrion XVIIL South end of Timpahute range,

Eastern Nevada. Thicknesses estimated.
Feet.

1. Heavy-bedded gray limestone, light and dark........... 400
2. Yellow argillaceous shale:
a. Yellow shale, 350 feet.
b. Yellow sandstone, 75 feet. . 925
¢. Yellow and green shale, with fillets of fossiliferous
limestone, [ Conocoryphe,] 500 feet.
3. Purple, ripple-marked, vitreous sandstone, with bands of
siliceousshale. ... ... oo il 1,000

SectioNn XIX. Amargosa range at Boundary Cafion,
Southern Nevada. Thicknesses estimated.

Feet.

1. Massive, dark gray limestone, with white bands......... 500
2. Micaceous and other schists, with some quartzite, and lime-
stone, {Obscure fossils like those of No. 2 ¢, Sec.

G 0 U U 500
3. Purple quartzite, massive and sectile, with some coarse

conglomerate....... e e 900

4. Mica and chlorite schists, with occasional harder beds. ... 600

Total .. .. i 2,500

Frg. 76.—Sec. XVIL.—
Silver Cafion, Nev.

Section XX. Rocks exposed on the east face of the Inyo range, at the
pass between Deep Spring Valley and Owens Valley. Thicknesses estimated.

Feet.
1. Quartzite and siliceous sehist :
a. Greenish siliceous schist, with blue-gray quartzite
at base, 500 feet. 750
b. Calcareous quartzite, pale-gray, 50 feet.
¢. IIard, pale green schist, with bands of quartzite and
limestone, 200 feet. '
2. Massive Dblue limestone, veined with white caleite....... 75
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3. Clay-shale and caleareous quartzite:
a. Yellow quartzite, 20 feet.
b. Shale, 200 feet. *
¢. Yellow quartzite, 20 feet.
d. Umber brown quartzite, 50 feet.

B ') £ ) AU

3
3
T T
20— —
6 )
(=2 —
. = ——— 8 |
FiG. 77.—Sec. XVIIL.— Fi1g. 78.—Sec. XIX.— Fi1g. 79.—Sec. XX.— Fic. 80.—Sec. XXI.—
Groom District, Nev. Boundary Cafion,Cal. Inyo range, Cal. Saratoga  Springs,
Scale, 1-7200. Scale, 1-7200. Scale, 1-7200. Cal. Scale, 1-7200.

SectioNn XXI. Funeral Mountains, at Saratoga Springs. Thicknesses

estimated, except of lower beds.

Feet.

1., Gray clay-slate........... ... .. ..., et aaeeaaaaan 600

2. Yellow slates, with beds of shaly limestone.............. 800
3. Bedded and shaly limestone, banded in purple, yellow,

and brown...... ... .. .iiiiiis eeiiiiieaaoen 350

4, COrystalline limestone......., ... cociiiiiiiiaiana.. 40

5. Dark brown, quartzose and argillaceous conglomerate... 140

6. Crystallinelimestone............... ... oiiiaia.n. 85

7.Green shale...... ... .. ... .. ... ... i, 20

8. Massive hornblende rock, black to green................ 120
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The accompanying table exhibits the relation of the above sections to
each other, and to the general stratigraphical scheme. It will be observed
that all the great divisions of geological history are represented; and these

will now be noticed in order.

Zable showing the correlation of the sections.
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Quaternary.—The Bonneville beds, a calcareous series deposited during
the Glacial Epoch, have already been described in the chapter devoted to
that epoch. They are restricted to the lower parts of the Great Salt Lake
and Sevier Lake basips.

The unconsolidated gravels and clays that flank the ranges and floor
the valleys of the Cordillera region, have likewise received mention. They
are of Quaternary age at top, but the antiquity of their lower portions is
unknown. It is not improbable that they have, in some valleys, accumulated
through all Tertiary time, and they may have been begun even earlier.

About Camp Apache there are preserved, under basalt covers, portions
of a sand and gravel deposit (Section XI, 2) that rests unconformably on
what are now the highest portions, topographically, of the Carboniferous and
Mesozoic rocks. The evenness of the basalt sheets that spread over its original
surface, indicate that the formation floored a plain, and suggest a relation of
altitudes far different from the present. The region is now so elevated that
its erosion is very rapid. Streams have sunk their channels to a depth of
two thousand feet below the old plain, and carried the eroded material to the
modern plain of the Lower Gila, which lies so little above the ocean level,
that its slopes are slightly inclined, and its arroyos shallow. To this Apache
sand bed may probably be referred the bowlder accumulations that have
been found, by Mr. Marvine and myself, to cap the mesas and hills at
numerous points in Arizona. When they were first seen a glacial origin
was suspected, but a search failed to discover upon the bowlders, which are
well rounded, any glaciated surfaces.

Tertiary—The difficulty that geologists have found in the separation of
the Tertiary and Cretaceous, along the line of the Union Pacific Railway, is
equally encountered in Southern and Central Utah. The progressive con-
ditions, recorded in the sediments, are marine, estuary, and fresh-water.
So long as the fauna is purely marine, there is no question; the facies is
unmistakably Cretaceous. Butthe estuary or brackish fauna that succeeded
is made up of forms of doubtful affinities, and after the disappearance of all
indications of salt water, the remaining animals and plants are of Tertiary
aspect. It is not improbable that the two groups of living forms existed at
the same time, and shifted their common border, as the line separating. the
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salt water from the fresh was shifted. When the inland sea became finally
separated from the ocean, and was deprived, by dilution, of its salt, the marine
Cretaceous fauna may still have flourished beyond the limits of the continent.
However this may be, there is no immediate hope that the facts of the case
will be demonstrated—we cannot yet even point out the barrier that kept out
the ocean. But, while we are not certain that our rock series records the
termination of the Cretaceous age, we do find in it a history of the local
extinction of the Cretaceous marine fauna, and the substitution of a con-
tinental fauna ; and itis convenient, in the present condition of our ignorance,
to call this latter Tertiary. With this somewhat arbitrary assumption, it is
still impossible to draw a sharp line of demarkation, because the change of
conditions was not abrupt.

Of the three sections given of Tertiary strata, the second and third are
but fifteen miles apart, while the first is one hundred and fifty miles to the
north. My own data were not sufficient to connect them, but Mr. Howell
was able to follow and study the strata more thoroughly, and considers No.
1 of section I equivalent to No. 2 of section II, and No. 1 of section III.
Section I includes the Sam Pitch coal seam, which is closely associated with
a fauna that Mr. Meek recognizes as identical with that of the Fort Union
group of New Mexico. Among the fossils are Gowiobasis Nebrascensis, G-
tenuicarinata, Viviparus trochiformis, and Uniovetustus.

The area mapped as Tertiary lies entirely within the borders of Utah,
and caps the highest portions of the Plateau region west of the Colorado.
It forms a belt, forty to sixty miles broad, with a north-northeast trend, and
coincides very nearly, in its western limit, with the western limit of the
Plateau region. It terminates southward, in latitude 37° 25, in a line of
bold escarpments, the Pink Cliffs, from which to the Grand Cafion of the
Colorado, eighty miles away, there is a continuous geological descent.
(See Figs. 22 and 23.) Eastward also its edge is usually marked by a cliff,
and, in a general way, this is parallel to the course of the Green and Colorado.
Northward the belt passes beyond our field, and probably terminates on the
flanks of the Uintah Mountains, with a total length of two hundred and
fifty miles. From Panquitch northward for seventy miles it is completely
covered by volcanic rocks.
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Cretaceous—The Cretaceous rocks are characterized by pale colors,
with a preponderance of yellow, and are largely argillaceous. They afford
the economic coal series of Southern Utah and of Castle Valley. In a
general way their outcrop flanks the Tertiary area on the east, south, and
southwest, but its configuration is far more complicated by folds and conse-
quent inebquality of denudation. Its delineation on.the maps is almost
entirely the work of Mr. Howell, and the reader is referred to his report for
descriptions of the beds which compose it. '

Jurassic—Rocks of this age are known in both Plateau and Range
regions. In the latter, the only localities that have furnished fossils are the
Wahsatch Mountains, near Salt Lake City ; the Mineral range, near Adams-
ville, Utah; and the Spring Mountain range, near Good Spring, Nevada.
At none of these places were the limits and relations of the beds determined.
The rock in each case is a gray limestone. In the Plateau region of Utah,
beds referable to the Jura are always found beneath the Cretaceous, but
they are not everywhere fossiliferous. Upon both forks of the Virgin River
and upon Kanab Creek I found Jurassic forms, (including Camptonectes bel-
listriatus and Pentacrinus asteriscus,) in a cream-colored, arenaceous lime-
stone, and they appeared to be restricted to a brief vertical range. Farther
east, in the basins of the Paria and Dirty Devil, Mr. Howell found the same
species in gray shales overlying the cream-colored beds, which are there
sandstones. Above these fossiliferous beds, and beneath strata recognized
by their fossils as Cretaceous, there are several hundred feet of highly col-
ored gypsiferous beds, ranging from sandstone to clay in texture, and
usually including a thick bed of solid gypsum. (Sec. III, 5, and Sec. IV, 3.)
In this series the search for marine fossils is well nigh hopeless, since the
physical conditions under which gypsum is accumulated are inimical to life,
and unless Cretaceous fossils shall be discovered below them, or Jurassic
above, their age will always be conjectural.

The outcrop of the formation is in detail exceedingly tortuous. In
Southern Utah it strikes from west to east across a region interrupted by
faults and deeply. carved by erosion in a direction at right angles to its
course. Between the Paria and Escalante rivers it is carried in a loop far
to the southeast by a broad synclinal fold, and further north it becomes so
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greatly flexed as to lose all semblance of parallelism to the Tertiary escarp-
ment. In about the latitude of the town of Salina it passes eastward be-
yond the limits of our survey. To the west of the Tertiary belt, and in
part within it, the Jura was found, with characteristic fossils, by Mr. How-
ell, the localities being the eastern flank of the Wahsatch range, the west
base of the Sam Pitch Plateau, and the east margin of the valley from Sa-
lina to Manti. '

Trias—From the fossil horizon of the Jurassic downward to that of the
Permo-carboniferous—a vertical distance, in Southern Utah, of 2,500 to
3,500 feet—the age of the rocks is not fixed by fossils. Prof. J. Marcou,
who was the first geologist to examine this series, referred it to the Triassic
from lithological resemblance of its beds to rocks of that age in Europe;
and the same reference has been provisionally made, though on different
grounds, by Dr. Newberry. The question is probably not insoluble. Dr.
Newberry has found evidence, as yet unpublished, in the valley of the San
Juan, to confirm the assumption, and Mr. Howell and the writer have dis-
covered fossil localities that promise, when thoroughly searched, to throw
additional light. In Southern Utah and adjacent Arizona the series is
constituted by massive, cross-bedded sandstone above, and variegated,
saliferous and gypsiferous clays below. The sandstone is usually parted by
a soft layer near the middle, and forms two lines of cliffs, terraces of the
great south-facing escarpment. The upper division has a light buff or
cream color, and its cliffs are usually capped by the cream-colored beds of
the Jurassic. The lower division is banded with red, the stain from which
dyes the whole face of the escarpment, and toward its base is red through-
out. The transition from sandstone to shale or clay is usually not abrupt,
and the upper part of the clay has the same deep red hue as the superjacent
sandstone. The principal mass of clay is beautifully banded with brick
red, pale rose, dark lavender, Naples yellow, maroon, pale sienna, white,
and chocolate, the last mentioned color predominating toward the base. In
the midst of the clays is a bed of conglomerate. The lower shales were
somewhat eroded by the current which spread it, as is shown by the
inequality of the surface on which it rests. Its thickness is variable, and it
is not universally present; but its persistence over large areas is neverthe-
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less such as to excite wonder. In the conglomerate and in the superjacent
clays are silicified tree trunks in great numbers. The fossil horizon discov-
ered by Mr. Howell near Toquerville, and another that was noted south of
Kanab, are lower than the Shinarump conglomerate.

The first geological belt, in the descending series, which, in our field,
crosses the Colorado, is that of the Trias. Beginning west of the town of
Saint George, and not far north of the Utah and Arizona boundary; it
passes east, and a little south, for one hundred and thirty miles, to the Col-
orado, at Monument Cafion, expanding in the middle of this course to a
width of thirty-five miles, and including the boundary line for most of the
distance. Its chief inequalities of form are caused directly by erosion, but
primarily by the faults and folds which cross the belt at right angles. The
Kaibab fold throws the belt twenty-five miles to the north, by making a
sinus of that depth in its southern limit, and a corresponding salient in its
northern. From Monument Cafion, where the belt crosses the river, it runs
south-southeast, in Arizona, to the Colorado Chiquito, when, turning more
to the east, it follows that stream nearly to its head, and finally disappears
beneath the lavas of the Mogollon region, two hundred miles southeast from
Monument Canon. Throughout the whole outcrop, from Saint George to
the head of the Colorado Chiquito, the general dip of the strata is to the
north, or northeast, at a low angle, and, except in the region of that stream,
the mural escarpments of the heavy sandstones overlook, at the southwest,
a broad floor of Carboniferous limestone that reaches to the margin of
the Range system of Arizona. Upon this floor stand a few lava-guarded
islands of Trias, testifying to the former extent of the formation.

Above the mouth of Monument Canon, the Coloradyp is flanked on both
sides by the Trias as far as the limit of our field, and this river outcrop,
dividing the Cretaceous areas of the two banks, serves to connect the south-
ern Trias outcrop, just described, with more northerly outcrops, mapped
by Mr. Howell to the east of the great trachyte field of Southern Utah.

Carboniferous—Strata of this age have great depth and cover large
areas, both in the Plateaus and among the Ridges, and they are characterized
by thick masses of limestone, filled with organic remains. They are best
exposed for study in the former region, and it was found convenient there,




THE STRATIFIED ROCKS. 177

by Mr. Marvine and myself, to attach local names to the more important
subdivisions. They are the Aubrey limestone, the Aubrey sandstones, and
the Red Wall limestone. The Aubrey limestone and sandstones constitute
the Aubrey cliff, which faces Aubrey Valley, in Northern Arizona, and
stretches southeastward nearly to Camp Apache. The Red Wall limestone
is so named from the red appearance of its escarpments on either side of the
Grand Caifion.

The Aubrey limestone has a thickness of 820 feet on Kanab Creek,
(Sec. VI, 2 and 3,) and this is about its maximum. Its characteristic fossils
are Productus Ivesii, P. semireticulatus, Spirifer lineatus, Athyris subtilita, Mee-
kella striato-costata, a Hemipronites, and an Aviculopecten closely allied to 4.
occidentalis. At a few points were found in the topmost layer, Pleurophorus,
Schizodus, and Bakevellia, a group of shells suggesting the Permo-carbon-
iferous of the Mississippi Valley, and indicating that the great lithological
change at this horizon marks the absolute close of the Carboniferous age.
Lithologically the limestone is characterized by the great abundance of
chert, which, toward the top, sometimes constitutes half the mass. Near the
middle it is, in some places, interrupted by a belt of shale, with gypsum.
The soft Trias clay above it has yielded so rapidly to denuding agents, and
the limestone has Fesisted so stubbornly, that its belt is a very broad one.
- From the Aubrey Cliffs, northeastward, to the Shinarump Cliff, a distance
ranging from sixty to one hundred miles, the country is floored by the

Aubrey limestone, save only where the gorge of the Colorado bares the
~ lower rocks.

The Aubrey sandstone series (Secs. V, 6 and 7; VI, 8 and 4; VII, 2
and 3; VIII, 3, 4, and 5; IX, 2, 3, and 4,) has a thickness, in the Aubrey
Cliffs and along the Grand Cafion, of about 1,000 feet. In every exposure
a portion of this body is massive and cross-bedded, and another portion soft
and gypsiferous, but the order of these parts is not constant. In the Aubrey
Cliff, the compact rock is at top, and, together with the Aubrey lime-
stone, holds a sheer bluff, at the foot of which the softer portion spreads a
broad slope. Along the Grand Caifion, at Kanab Creek, and near the Uin-
karet Mountains, the upper sandstone is soft, and produces a slope in the

- profile, while the lower is hard, and unites its steep escarpment with that of
12ws '
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the Red Wall limestone. The sandstones contain no fossils, but an inter-
calated limestone, below the middle of the series at Cafion Creek, (Sec. IX,)
bears the familiar Coal Measure shells.

The Red Wall limestone (Secs. VI, 5, 6, and 7; and VII, 4, 5, and 6,)
has, upon fresh fracture, a gray color, and shows its red rust only on
weather-stained cliffs. In its general character it is heavy-bedded to mass-
ive. At top, sandstone alternates with the limestone for from 200 to 500
feet. Through its lower half, the firm limestone is interrupted by occasional
shaly bands, which serve to break its escarpment into a series of narrow ter-
races ; but above them stands a sheer, perpendicular face, of from 800 to 1,000
feet. The average total thickness is 2,500 feet. TFossils are abundant near
the top, but difficult to find in the lower portions. The lowest horizon from
which I obtained fossils of value is a trifle below the middle of the series,
and they are doubtfully referred; by Mr. Meek, to the Lower Carboniferous.
The fauna of the upper portion is rich in species; and, while differing from
that of the Aubrey limestone, is equally referable to the Coal Measures. It
includes Platysomus, Phillipsia, Nautilus occidentalis, Euomphalus (like E.
nodosus), Murchisonia, Macrocheilus, Bellerophon crassus, Pleurotbmaria, Awiculo-
pecten interlineatus, A. occidentalis, Myalina, Productus semi-reticulatus, P.
Nebrascensis, Spirifer cameratus, Spiriferina (like S. Kentuckensis), Athyris
subtilita, Hemipronites crassus, Archeocidaris, Synocladia Shumardi, and
Glauconome, of which list, all of the genera and every identified species
belong to the Coal Measures. With these fossils in view, the provisional
assignment by Dr. Newberry of the whole limestone to the Lower Carbonif-
erous or to the Lower Carboniferous and Devonian is seen to be erroneous;
but we are not yet enabled to demonstrate a complete correlation.* Of the
4,000 to 4,500 feet of strata that I have assigned to the Carboniferous, a
very few feet at top may be called Permo-Carboniferous, and not less than
8,000 feet are to be referred to the Coal Measures. Below this is a single
point recognized as ‘“probably Subcarboniferous,” and the remainder is
blank. The base of the system is arbitrarily assumed at the first marked
lithological change, and it is not impossible that it has been placed so low

* Professor Marcou (Geol. of N. A., pp. 23, 24, and 62) calls the Aubrey limestone, Permian; the
Aubrey sandstone, Coal Measures, and the Red Wall limestone, ¢ Carboniferous limestone,” or “mountain
limestone.”
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as to include the Devonian, or even the Upper Silurian, if those formations
are represented in the series. Considerations bearing upon this point will
be adduced in speaking of the Silurian rocks.

The classification adopted for the Carboniferous rocks in the Grand
Cafion and along the southern margin of the Carboniferous plateau, is of
local value only. Seventy-five miles to the west, in the Spring Mountain
range, I was unable to correlate the series in detail, and eastward, from
Canon Creek to Camp Apache, the progress of a rapid transformation can
be traced. The lower, shaly portion of the Aubrey sandstone becomes
interrupted by numerous bands of limestone, and red shales appear in the
Red Wall limestone ; and in this way the two series approximate in charac-
ter, until the division can no longer be recognized.

Among the Basin Ranges of Western Utah and adjacent Nevada, Carbo-
niferous strata are recognized oftener than any other, except the Silurian,
but our observations do not suffice for a comprehensive view of the litho-
logical series. Limestones predominate, the prevailing color is gray, and,
with few exceptions, the fossils gathered are of the age of the Coal Meas-
ures. In a section upon the western face of the Wahsatch Mountains, near
Provo, Mr. Howell found Carboniferous fossils, stratigraphically more than
5,000 feet apart, and the rock characters included between the two horizons
are continued for 3,000 feet below the lower. The entire Lake range, and
nearly the entire Oquirrh range, are built of Carboniferous strata. They
are seen on both flanks of the Stansbury range (Howell) and along the
western base of the Pah-vant. They appear at the south end of the Mineral
range, and, in the Picacho Mountains, they include a portion of the argen-
tiferous veins of the Star and North Star mining districts. They constitute
a large part or the whole of the Confusion Range, and they form the eastern
face of the Virgin range. They are in great force in the Spring Mountain
Range, in the vicinity of Cottonwood Creek and Crystal Spring, and include
the lead deposits of the Yellow Pine district. They were recognized by Prof.
J. J. Stevenson in the stratified axis of the Reveille range, and the Reveille
silver mines are within and by the side of them. They were identified by
Mr. Howell and Mr. Clayton in the Highland and Schell Creek ranges, and
they were found in low ridges near Elko and Carlin on the Humboldt River.
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At Mountain Spring, in the Spring Mountain range, a point on the old
wagon-road from Salt Lake City to Los Angeles, a suite of fossils of facies -
older than the Coal Measures was obtained by Mr. C. A. Ogden. Among
the forms are Phillipsia, Spirifer, (two species of Devonian aspect,) Rhynch-
onella, Hemipronites, Athyris, (distinct from A. subtilita,) Chonetes, Terebra-
tula (?), Productus, (like P. subaculeatus,) and Fenestello. The horizon is
referable to the Subcarboniferous, and it is, in our collections, the only one
between the Coal Measures and the Cincinnati group that is well character-
. ized by fossils. .

At Ophir City, Utah, a limestone with Coal Measure mollusks is sepa-
rated from another with Primordial trilobites, by 700 feet of limestone, the
whole being conformable. Near the middle of the interval is a fossiliferous
horizon, exhibiting Phillipsia, Straporollus planodorsatus (¥), Comocardium,
Hemipronites, Athyris, Ptylodictya, and Syringopora, and referable to the Sub-
carboniferous. There remain less than 400 feet of strata to represent De-
vonian and Upper Silurian, and we have no evidence, by fossils, of their
presence. '

In our whole field the Carboniferous rocks are not coal-bearing, and we
have found vestige of but a single coal plant, a leaf of Pecopteris, preserved
in arenaceous shale of the Coal Measures, fifty miles northwest of Camp
Apache. In my preliminary report for 1871, the premature announcement
of coal in the true Coal Measures, near Camp Apache, was made on an
imperfect description of the locality, which I was unable to visit. Later
evidence indicates that the coal in question is probably of Cretaceous age.

Silurian.—Among the Basin Ranges we have identified the Lower Silu-
rian by fossils at fourteen points; and by other evidence, based primarily on
the fossils, we have extended the recognition to include portions of seven-
teen mountain ranges. At Belmont, Nev., the slates which wall the argentif-
erous veins contain Graptolithus bicornis, G.ramosus, and G. pristis (¥). The
shales of the range next west—the Toquima—are probably of the same
age 'They also contain the celebrated Murphy and other silver mines, and
‘above them are limestones, in which Mr. Emmons found Carboniferous fos-
sils  Primordial trilobites were bought by Mr. J. Koehler from Eureka, from
the Roberts Creek range, and from a point between San Antonio and Silver
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Peak, and by Lieutenant Lyle from Silver Peak.* An Orthis resembling
0. plicatella, but believed to be new, was discovered by Mr. C. G. Heath at
Fossil Butte, near Hyko, Nev., and at about the same horizon, in the adja-
cent Pahranagat range, I found a score of species. My collection from
this locality was unfortunately destroyed in transit, but the field notes,
though based on a very hasty examination, suffice to indicate the horizon
very nearly. They include Calymene Blumenbachii, Asaphus gigas, Orthis
lynz, Strophomena alternata, and Receptaculites. (See Sec. XVIIL, 2 and 4.)t
Silurian rocks, chiefly limestone, here constitute the chief mass of the
mountain, and in them are the silver mines of the Pahranagat district. In
the next range to the west, the Timpahute, are metalliferous veins, dividing
yet lower strata. They are walled by shales, in which are calcareous bands
filled with the disjointed armor of a spiny Primordial trilobite, Conocoryphe.
Above the shale (Section X VIII) are limestones, that may correspond to those
of the Pahranagat range, and below are vitreous sandstones, closely resem-
bling the Potsdam sandstone of New York. The same sandstone was recog-
nized in the Belted Mountain range, where it is almost buried by rhyolite,
and in the Amargosa range. (Section XIX, 3, and Fig. 12.) At the last
station the overlying shale is altered to schist, but retains obscure vestiges
of the trilobite spines. In débris from the same range was found a single
specimen of Maclurea (magna?).

At the base of the anticlinal arch exposed in the cafion at Ophir City,
in the Oquirrh range, are limestone and shale, with Conocoryphe, Dikelloceph-
alus, and Olenus Gilberti ; but a few acres include the whole outcrop. In
the next ridge to the west, the Stansbury range, Silurian strata are thought
by Mr. Howell to form the crest. Close to the “ Old River Bed Station,” at
the north end of the McDowell mountains, I found Bathyurellus Wheeleri
in a black limestone overlying vitreous sandstone, and the identity of rock
series renders it probable that the Thomas range also is built chiefly of
Silurian strata. The House range, which has a simple structure, appears to
be built, for fifty miles of its length, exclusively of Silurian rocks. A lime-

*Prof. J. D. Whitney announced to the California Academy of Science their independent discovery
at Silver Peak and Eareka.

t A collection of fossils, including Lower Silurian and Devonian forms, had, at some time previous,
been sent to Dr. Newberry from the vicinity, but I do not know their relation to my section.
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stone mass at top, 2,000 feet thick (Sections XV, 2 to 7, and XVI, 1)
yielded, togethercwith other forms, Paradoxides (?), Scalites, Receptaculites,
and Phyllograptus, and a shale beneath it is filled, at Antelope Spring, with
beautifully preserved specimens of DBathyurellus (Asaphiscus) Wheeleri,
Conocoryphe Kingii, and an undescribed Agnrostus. Beneath this are another
limestone and a vitreous sandstone, making a total section of more than
4,000 feet, of which nearly 3,000 feet are limestone. Fossils of Canadian
age were found in the Schell Creek range at Schellbourne, and it is highly
probable, though there is no paleontological evidence, that the Snake range,
lying between the House and Schell Creek, contains Silurian rocks. At
the mining town of Pioche, built on a spur of the Schell Creek or High-
land range, Mr. Howell found Primordial trilobites (Olenellus Howelli and
0. Gilberti*) in ashale overlyingthe quartzite which contains the argentiferous
veins, and covered in turn by limestone.

The following species had been named, and I quote here Mr. Meek’s
descriptions, which will re-appear, with figures, in the paleontological volume.

Olenus (Olenellus) Gilberti, Meek.

This species is so very closely allied in all of its characters known to
0. Vermontana, Hall, that it may be sufficiently indicated by mentioning
the few characters in which it differs. In the first place, the anterior end
of its glabella differs from that of O. Vermontana in not reaching the ante-
rior margin of the head by one-half to one-third its breadth instead of abut-
ting close up against the marginal rim. The anterior ends of its eyes also
extend farther forward, so as to come more nearly in contact with the ante-
rior to be of the glabella, than represented by the published figure of O.
Vermontana. Again, our specimens show a narrow marginal rim along the
posterior edge of the head, extending all the way out to the lateral angles,
not seen in the figure of the Vermont species. A still more marked differ-
ence is lobe seen in the direction taken by the posterior margin of the head,
near the posterior lateral angles, where in the Vermont species this margin
curves gracefully backward to the lateral spines, while in our specimens it

* The paleontological collections had been placed in the hands of Mr. F. B. Meek for study, and
the work barely begun when he was prostrated by sudden illness and compelled, to our great regret, to
relinquish it.
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curves rather abruptly forward, so as to form a kind of notch at its connec-
tion with the bases of these spines on each side. ’

Only a single detached specimen of one of the pleurze is contained in
the collection. This is the large third one, which is prolonged and deeply
furrowed as in 0. Vermontana, but it is not near so abruptly bent backward
as in that species. Some specimens indicate that the species under consid-
eration attained nearly twice the linear dimensions of O. Vermontana.

The specific name is given in honor of G. K. Gilbert, geologist of
Lieutenant Wheeler’s survey.

Olenus (Olenellus) Howelli, Meek.

This species seems to be related to O. Thompsoni, Hall, from the Ver-
mont slates. Its cephalic shield, however (the only part known), differs in
some of its proportions, particularly in being much more convex than it
seems possible that the corresponding part of the ‘type-species of the Ver-
mont species could ever have been, even after making full allowance for
accidental pressure. Its anterior outline is also much more narrowly
rounded, and its length proportionally greater than in O. Thompsoni, the
cephalic shield of which is about twice as wide as long, while the length of
this part in the species under consideration is to its breadth as 5to 7. Pro-
fessor Hall also figures and describes his species as having the neck furrow
passing entirely across, while in our type it ends abruptly at about one-
third of the distance across on each side. Its neck segment also projects
back beyond the posterior margins of the cheeks, while that of O. Thomp-
sont is figured on a line with the same.

The specific name is given in honor of Edwin E. Howell, of the geo-
logical corps of Lieutenant Wheeler’s survey.

The localities that I have thus rapidly enumerated, are scattered through
a region extending four degrees in latitude, and five and a half degrees in
longitude, and it is not to be expected that, over so large a space, there
shall be found constancy of lithological succession. Still it may be noted
that the series, in a great number of instances, exhibits limestone at top and
vitreous sandstone (quartzite) at base, with usually shale between—the typi-
cal sequence of deposits upon a continent slowly sunk beneath the ocean.
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The base of the quartzite is usually not seen. The quartzite of the Toyabe
range, which may be the base of the Silurian, has, according to Mr. Em-
- mons, a depth of several thousand feet, and overlies granite. At Wheeler’s
Peak an anticlinal of the quartzite appears to have a core of granite, but
the fact was not fully established. In the Amargosa range, (Section XIX,)
Silurian quartzite, 900 feet thick, rests conformably on 600 feet of schist,
and what supports the latter is not known. There is strong presumptive
evidence that the White’s Peak section (Fig. 9 and Section XVI), showing
the Schell Creek range at a point between Schellbourne and Pioche, ex-
hibits Silurian strata, although no fossils were found at that point, and, if it
does so, then we have the siliceous rocks at the base of the Paleozoic locally
developed to the enormous thickness of 11,500 feet.

The Virgin range, exhibiting, in Iceberg Cafion, the entire Grand
Carfion rock series, is believed, for reasons that will be given below, to in-
clude therein Silurian strata.

The region of the Plateaus shows Silurian rocks only along its margin
and in the Grand Canon of the Colorado. The strata which underlie the

Red Wall group in the Grand Caiion are,

— Adubrey (1) the Marbled limestone, 75 feet thick,
%\ Group. (2) the Tonto shale, 600 feet thick, and (3)
the Tonto sandstone, 80 feet thick; and

the last rests unconformably on crystalline
schists. The Marbled limestone is charac-
>Rcd war  terized by ramifying stem-like markings,

________ Group- which suffuse the whole mass and give it a
] mottled appearance. The stems usually
\ indicate their organic character merely by
——— / Mawsue Liuisiong, . their outward forms, but a
o — - —= ToNTO SHALE, Tonto :
e — — > rowto. ( Growp.  few specimens gathered by
Y XA v Y L O 0 S ¥y ey i asasa] SANDSTONE "’
éb//,s\ R el (X Dr. Newberry exhibit a cor-
Seay2d \'\\ RN QY [<\/

alline structure and appear

Fi16. 81.—The Grand Cafion rock system and its subdivisions. to belong to the genus
Chatetes. The limestone has a thickness at the mouth of the cafion of but
75 feet, but there is a hint of its recurrence 100 feet lower, (Sec. VIL, 8 b;)
and in tracing it forty miles up the caiion, it is found to gradually increase in
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importance and encroach on the shale below, until, at Diamond Creek, it
has a total depth of 200 feet. '

The coralline stems are not sufficient to identify the bed which contains
them, since similar branching forms are known alike of Carboniferous, De-
vonian, and Silurian ages; but it is a noteworthy fact that a mottled lime-
stone similar to that of the Grand Cafion has been observed at a number of
points in Utah, Nevada, and New Mexico, and the fossils associated with it
are invariably Lower Silurian, and usually Primordial. The only other
fossils yet discovered in the group are a Trilobite in the Marbled limestone
and a supposed sea-plant in the Tonto shale. The Trilobite is represented
by a poorly preserved Pygidium too obscure for the determination even of
its genus.  Still, enough of it can be made out to warrant the assertion that
it does not belong to any known Carboniferous genus, and, hence, that the
rock is at least as old as Devonian. The fossil from the Tonto shale is
represented in our collections by a number of specimens; and, though its
biological position is uncertain, its geological relations are beyond question.

The genus Cruziana was first described by A. D’Orbigny from the
Lower Silurian of South America. It has since been found in Lower Silu-
rian strata in France and Sweden; in Primordial strata in England, New-
foundland, and Montana; in the Chazy group in Canada; and in the Clinton
- group (Upper Silurian) in New York. Its known vertical range is thus en-
tirely within the Silurian and its broadest distribution in the Lower Silurian.

Cherty limestone.

Aubrey group.
Cross-bedded, and other sandstones.

Carboniferous.
Limestone and sandstone.

Limestone. Red Wall group.

Place of Devonian and Silurian, (except | Limestone and calcareous shale; without
Primordial. ) fossils.

Mottled limestone, &c.

Primordial. Arenaceous and argillaceous shales. Tonto group.

Vitreous sandstone.
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By these facts I am led to conclude that the Tonto group is certainly
Lower Silurian in age, and probably Primordial.

In the accompanying table is a correlation of the Grand Canon rock
system with the rocks of other countries.

Archean—Metamorphic sedimentary rocks, of undetermined age, were
seen at a number of points in the region of the Basin Ranges, and have been
regarded provisionally, in mapping, as Archean, and with them have been
grouped the granitoid rocks, the age and origin of which I have rarely been
able to determine. I will enumerate only those localities at which the
observation determined something more than the mere presence of crystal-
line rocks.

In the Grand Cafion of the Colorado (see Fig. 30 and Fig. 81 a), the
Tonto sandstone rests directly on plicated and eroded schists and associated
granites, and demonstrates them pre-Silurian. Following down the river,
the same relation is seen in the Virgin range; and in the next ridge to the
west, through which the river has cut Bowlder Cafion, are gneisses so similar
to those of the Virgin range, that they may safely be classed with them.
In Music Mountain, in the Black Hills near Prescott, and on Canon Creek,
or, more generally, all along the southwestern border of the Plateau region
in Arizona, the Archaan schists and granites are seen beneath nonconform-
ing members of the Grand Cafion rock system ; usually the Tonto sandstone.
To the south and west of this line stretches a great ocean of metamorphic
ridges, in which no one has found fossils. Whether a portion of the rocks
are altered Paleozoic, or whether the Paleozoic has been completely removed
in the progress of erosion, or whether the Archzean rocks have been covered
by no later ocean sediments, has not been decided. The purity and great
thickness of the Carboniferous limestones, up to the very marginof the region,
would appear to negative the idea of a permanent continent from Archaan
time; if, indeed, it is not negatived by the survival of acute mountain
ridges.

Résumé—The Archean strata had been deposited, plicated, raised
above water, and eroded, before the epoch of the Tonto group, the first that,
in this region, has contributed paleontological data to the geological record.
In that epoch a coast line slowly encroached upon the Archaan continent,
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paring its ridges, filling its hollows, and spreading over all, first, the coarse
siliceous detritus that constituted the advancing beach; secondly, the finer
mud, sorted out by the waves,and spread by currents in the shoal water that
progressively followed the beach ; and, thirdly, the limestone that was slowly
formed, when the shore became so distant that the currents brought no more
matter in mechanical suspension. Where the shore then was we cannot tell,
nor do we know what islands remained. The record of the ocean’s advance
has been traced as far west in Nevada as longitude 117°, and as far east
as longitude 109°, and I know no reason to doubt its continuity, beneath
newer strata, to the region of the Great Lakes. From this time the shore
did not return to a large portion of our field until late in the Carboniferous
age. From the close of the Carboniferous to the beginning of the Cretaceous
age, a great area, including the whole Plateau country, appears to have
been covered by an inland sea, entirely separate from the ocean; a sea in
which were accumulated, probably from local sources, minerals that the
world-wide ocean, constant in its generalities, cannot be supposed to have
furnished in such quantity. The deposits are pervaded by gypsum and
colored by the peroxide of iron, and contain no indigenous fossils, only logs
and leaves drifted from the shore. Once only did the ocean regain temporary
sway, bringing with it a Jurassic fauna, and then retreating, until, in Creta-
ceous time, the domain of the shut sea was finally abolished. Through the
Cretaceous age the Plateau country was the scene of a shallow ocean, the
shore of which crossed and recrossed it, and was never remote; while the
Range Province had become finally continental. Then, by the upraising of
some remote barrier, the Cretaceous sea, or bay, was converted into a fresh
lake ; and, with the gradual drainage of this, the whole region became
terrestrial. Since the expulsion of the sea, the elevation of the continent,
which caused it, has continued ; and the Plateau region, which, from early
Silurian to late Cretaceous, sank (as referred to the ocean) no less than 8,000
feet, has been bodily uplifted to its former altitude. Erosion, which began
in the Ranges and the Plateaus, as they were successively exposed to the
atmosphere, has labored, during the elevation, to remove the results of the
deposition which accompanied and recorded the subsidence, but has accom-
plished only a small fraction of its task.
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WasniveTon, D. C., May 10, 1873.

Sir: I have the honor to transmit herewith my report on the geology
of a portion of the region traversed by * Party No. 2” during the field
season of 1871. In the earlier part of this season, duties incident to my
position as astronomical assistant prevented my making any geological
observations worthy of record here. Between Saint George, Utah, and
Prescott, Arizona, though the route followed was hurriedly passed, the object
really in view being the speedy establishment of an astronomical station at
Fort Whipple, near Prescott, still such facts as were then observed are
given in the first part of the following chapter.

Fort Whipple being the last point, this season, whose position was
determined by the more elaborate astronomical methods of the field, I was
here formally transferred to geological work, and such observations as were
- made from this point throughout the remainder of the trip, to Tucson, form
the rest of the report.

Hoping the results may be satisfactory to you,

I am, very respectfully, your obedient servant,
Arcn. R. MaRvVINE.

Geo. M. WHEELER,

First Lieutenant of Engineers, U. S. A.
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CHAPTER VII.

GEOLOGY OF ROUTE FROM SAINT GEORGE, UTAH, TO THE
GILA RIVER, ARIZONA.

SECTION I.—FROM SAINT GEORGE, UTAH, T0 CAMP VERDE, ARIZONA.
SECTION IL—TFROM VERDE RIVER 70 LITILE COLORADO RIVER.

SECTION IIL.—I'ROM LITTLE COLORADO RIVER TO CAMP APACHE, ARIZONA.
SECTION IV.—FROM CAMP APACHE, ARIZONA, TO GILA RIVER. '

SECTION I.
SAINT GEORGE, UTAH, TO CAMP VERDE, ARIZONA.

A line trending nearly southward from Saint George, in the extreme
southwestern corner of- Utah, to the Colorado River, and thence southeast-
ward to Camp Verde, indicates @pproximately part of a remarkably sharp
and well-marked boundary between two regions which, in their geological
and topographical aspects, are strikingly the opposites of one another.

To the southwest of this line lies the Basin Range System of numerous
and nearly parallel mountain chains, for the greater part devoid of sedimen-
tary strata, with large areas of plutonic and highly metamorphic rocks, and
large detrital filled valleys, which increase in area toward the lower reaches
of the Colorado and Gila Rivers. :

To the northeast of the line, and rising abruptly from it in sloping ter-
races and precipitous escarpments, are the edges of several thousand feet of
sedimentary strata, which, dipping at first gently away from their exposed
edges, and acquiring, in a succession of abrupt steps, the various members

“of the overlying geological series, stretch eastward to the Rocky Mountains
and from the great Colorado Plateau.

The line separating these two regions is approximately the route
traveled. South of the Colorado, though rising for a short distance upon

the summit of the lowest step or terrace of the sedimentary series, most of
13 ws 193
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the way was upon the crystalline rocks on which the latter rest, and which
mostly form the Basin Range System, &ec., to the southwest. Of these,
nothing more can be stated than their names, the nature of the journey not
developing any geological relations among them. North of the Colorado,
and between it and Saint Greorge, the Plateau border differs much from
that south of the river. '

Saint George is situated on rocks belonging near the base of the Trias.
This formation here consists of many hundred feet of dark red cross-bedded
massive sandstones which rest upon a series of shaly and often highly gyp-
siferous sandstones, having among them occasional heavier beds, all being
approximately horizontal, or dipping slightly toward the northeast, and sus-
taining a most sparse and drear vegetation. It is at the base of the massive
sandstones that Saint George stands. They here form red bluffs facing
south or west, and trending from the town both eastward and toward the
northwest in lines approximately parallel with the Virgin and Santa Clara
rivers respectively. These two rivers, in fact, here roughly indicate the
southern and western boundary of the formation, though its lower shaly
portions often stretch beyond them. )

About sixteen miles above the mouth of the Santa Clara, the river flows
directly at the western base of the massive Trias sandstone, which rises
above it in a most striking bluff. The dip is here quite decided, and from
beneath the bluff, in leaving it westward, outcrop the lower shaly members
of the group. From beneath these, in turn, appears the upper bed of the
Carboniferous formation, and, with increasing dip, the upturned edges of its
lower members successively outcrop as they gradually rise upon the east-
ern slope of the Virgin Mountains. These mountains trend in nearly a
north and south line west of Saint George, and lying all along upon their
eastern flanks may thus be seen the outcropping edges of the inclining
strata. Where crossed by the old Salt Lake road, these strata rise high
upon the mountains, in places forming their highest points, and, resting
below on the underlying crystalline rocks which here form the opposite side
of the range, give it a monoclinal character.* This upturned series here

* I undcerstand from Mr. B, E. Howell, who, in 1872, crossed {he range farther south, and near
whero it is eut throngh by the Virgin River, that it there prescnted an anticlinal structure. Later, Le
found that at the north a fault existed along the east base of the range. T am also indebted to Mr.
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apparently presents the same sequence of strata as near the Colorado
River,* all the upper part certainly being of Carboniferous age, though proof
of the actual age of the lowest beds is yet wanting (1872).

Beyond the base of the mountains, and near Saint George, are several
streams of black basaltic lava, which have flowed down from the north,t
and end not far from the city. South of Saint George, the Triassic gyp-
siferous shales extend some distance beyond the Virgin River. The dip of
the formation, however, being somewhat greater than the slope of the south-
ern side of the Virgin Valley, the Carboniferous beds here also gradually
outcrop in going southward, first appearing not far from the Arizona border.
Passing gradually down through the Upper Carboniferous strata, as the
ascent is made, the Red Wall limestone is found exposed upon the divide
between the Virgin and Colorado rivers at the head of the Grand Wash.
In descending into the latter, the rocks are again found for a while dipping
somewhat more steeply than the general incline, thus forming of the divide,
where crossed, a gentle anticlinal whose axis apparently rises at the west
upon the flanks of the Virgin Mountains, and which probably dies out at
the east in the main plateau, or else is separated from the latter by a fault
which may be just commencing at this point, but which further south, as
will be seen, becomes very large. ,

In descending the “Wash,” there gradually appears upon the east a line
of abrupt cliffs, which gradually become higher as the valley is descended,
until they form an enormous mesa-wall nearly 2,000 feet high, composed of
the banded and ribbon-like edges of the sedimentary strata, which appear
perfectly horizontally bedded. This mesa-wall, rising in alternate slopes
and precipitous palisades, with its high colors and strangely eroded outly-
ing buttes, forms the abrupt eastern side of a great valley whose western
boundary is the slopes of the Virgin Mountains, and which runs from the
vicinity of the divide before mentioned, southward to the Colorado.

The eastern mesa-wall is exposed down to the base of the sedimentary
series only near the river. The following section, made at the mouth of the

ITowell for corrections and information upon several points in the geology about 8. int George, which
will be found more fully and accurately present. d in his re_ort.

* See ante, p. 184,
t From craters in Diamond Valley.—C. A. Ogden.
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Grand Caiion, has been furnished me by Mr. Gilbert, and gives an idea of
the general series of rocks which have already been passed, as well as of
those to follow. (See Fig. 82.)

All along the western side of the valley and inclining on the slopes of the
Virgin Mountains lie the upturned edges of the same strata.

WA . . .
TP N R At the north, upon descending from the mountains these
£ \ { may possibly continue out and join the Plateau strata un-

£ interrupted. Lower in the valley, however, they dip off
= from the mountains beneath the detrital filling of the val-
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= ley, are not continuous with the Plateau rocks, but must
N = be separated from them by a fault of many hundreds of
= s 2 feet. Still lower in this valley, and near the Colorado,

| Za ridge rising from below the valley detritus shows still
\% < another fault. A more correct section of these faults was
js“o’btained by Mr. Gilbert in the natural section presented

along the Colorado River. (See p.54.) In thefollowing .
& ﬁgure I try to give an idea of the main features of the
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é C; valley, as seen from a point at the north.

§ E A maze of the eroded remains of the Carboniferous
N émesa lines the eastern side of the valley; the upturned
'§o'§ T strata occupying the western. Among and resting upon
gé : § the latter are large masses of black basaltic lava, extend-
%-E % ing all along the base of the mountains, and in places a
§ = long distance across the detrital filling which occupies

% the middle of the valley, but apparently not reaching
i £ entirely across to the eastern side. In this wide valley
° are several lines of drainage, of which the main one,
§ and that into which most of the others finally enter, is
‘ l called the ‘“ Grand Wash.” These washes generally have
the caiion form—{flat, gravelly bottoms, sloping talus,
and steep escarpment above ; and as, in all but the west-
ern side, the intermediate country is rather flat or rolling,
the system, though in a valley, hasall the characteristics
of a mesa country. In the upper part of the valley

ction of
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F16. 82.—Section of the Sedementary Series at the mouth of the Grand Cafion.—G. K. Gilbert.
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these cliffs may be several hundred feet high, as at the spring about twenty
miles above Pah-ghun Springs, where they are composed of the same rocks,
as the adjacent plateau, with a capping of basalt. Lower down, the Grand
Wash and adjacent cafions are not deep, are generally in the detrital filling
which here hides the older sedimentary rocks below, and have usually a
basalt escarpment. This lava may be but a few feet thick, while in places
the cafion has not yet penetrated it, several hundred feet being exposed.

Above this lava there almost always occurs more of the detritus, This
is composed of a curious mixture of limestone and sandstone fragments
derived from the adjoining formations, mostly white, and often containing
nodules of chert and Carboniferous fossils. This sometimes has the char-
acter of a breccia, and again of a conglomerate, while often it is so cemented
together that its structure is not apparent. This ¢ calcareous conglomerate”
is in places covered by a second basaltic lava flow. Thus, at *“ Moccasin
Spring,” there was shown upon the eastern side
of the Grand Wash, above the main detrital con-
glomerate, a lower lava, about 20 feet thick,
covered with 30 feet of the calcareous conglom-
erate, which in turn had 15 feet more of lava
above it, forming the top of the cafion wall. About twenty miles above
Pah-ghun Springs, and upon the high cliff above the spring there found,
it was estimated that there was 150 feet of this conglomerate lying be-
tween the two lava flows. Kast of the section mentioned, at Cave Spring,
the edge of the upper lava is soon reached, and then, also, that of the lower
one, the valleys exposing many feet of the conglomerate, which must com-
pose an enormous amount of the valley filling. Where free from lava it
forms a rolling or hilly surface, often with deep valleys; it is horizontally
bedded, and abuts unconformably against the upturned Carboniferous strata
which protrude from beneath it.

Lower down in the valley, and in the vicinity of the river, a true con-
glomerate of large and well worn pebbles occurs. Where observed this
was divided into two portions: an upper, containing many pebbles from
the sedimentary series close by, separated by an uneven but well marked
line from a lower conglomerate, which was very coarse, composed mostly of

Fic. 84 .
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granite rocks, among which were very conspicuous, large bowlders, often
five feet in diameter, of very compact and hard white granulite, having but
little quartz and large crystals of white feldspar. The narrow cafion lead-
ing directly to the river was in these gravels. Allalong its sides were rows
of buttresses, with many columns of the compacted gravel supporting great
bowlders upon their summits, and giving quite a gothic air to its architecture.
These gravels extend to and along the river, resting on the same granite

which above lies beneath the Tonto sandstones.
In going southward from the river, and following a wash lying quite
near the foot of the mesa cliff, a section is encountered:

Yo =Za —  quite different from that passed in the Grand Wash.

?_; The same gravels are met near the river, growing finer
b 2 and accompanied at top by fine calcareous shales which
b5 5

. ¥=—often contain much gypsum. One hundred feet is prob-
Xos &0 E_,, ably a small estimate for the thickness of these beds.

- Above them comes a series of calcareous tufas. These
o2 ? === occur in well defined beds of 2 to 10 feet in thickness,
——— mostly white or reddish-brown in color, and though usually

2 2 full of rather large lenticular pores, the rock portion is
Y 7228 often very compact and heavy, and at times slightly
o o0  crystalline, though generally rather light. The beds are

F1c. 85.—Section atsometimes separated by a stratum, a few inches to a few
west base of mesa ¢x- . . .
tending from Coloradot€et thick, of a very light, fine, soft, ashen-like gray or
River, near mouth of white tufa. Dinoach Spring flows from one of these.

Grand Cafion, south-

ward twelve miles.  'L'his section was taken in a distance of about twelve miles,
after which granite and schists were passed to Tinnahkah Springs. The
thicknesses are about as in the above cut.

From the mouth of the Grand Cafion the general course of the Col-
orado, up stream, is at first nearly southeast. Upon meeting the river,
the great Carboniferous escarpment, which forms the eastern side of the
Grand Wash, turns and follows up the stream, forming the northeastern wall
of its cafion. Only the lower beds of the escarpment, up to the great bed
of the Red Wall limestone, form the first step of the westward facing mesa-
edge upon the southern side of the river. These at first continue the line
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of cliffs at the north, trending south to Tinnahkah Springs, when they swing
more and more to the eastward to Music Mountain,* near Truxton Springs.

The accompanying sketch gives the ReaWall Limestanes
lower beds of the escarpment series,
as shown at the mouth of the Grand Lot Marble Limestones
Cafion, somewhat more in detail than in

the preceding section. The two snuff-
colored sandstones, though quite subor-
dinate in thickness, form a prominent

Colorado IXiver.
S
8
§

feature of the section, and seem quite

persistent, Mr. Gilbert having traced P

them to Diamond Creek. They seemed \gramg-=i 7 e
also to be exposed upon the bluff oppo- = 2 ¥

[

site. Tinnahkah Springs, about twenty  Fic. 86.—Section of the lower beds of the
Colorado Plateau at mouth of the Grand Cafion.
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-
¥

=
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miles south of the river. In going
southward, however, the Tonto shales seem to diminish in thickness, the
thickness from the granite to the snuff-colored sandstone at Tinnahkah
Springs being estimated at less than 400 feet. It will be observed that the
base of the series has been gradually elevated in going south.

A few miles south of Tinnahkah Springs, and where the escarpment
was ascended, the Tonto shales were much

. . . i Limest:
further reduced, their estimated thickness being e

less than 100 feet, so far as could be seen upon
the winding path of ascent, and they apparently
contained little or no calcareous material. The
Tonto sandstone had increased much in thick-
ness, and was composed of two rather distinct
parts, being red below and yellow-white mottled
with salmon colored spots above. That the
limestones here are the continuation of those ~_ . . = opposite Tin-
further north, and not the expansion of cal- nabkah Springs. Estimated height of
careous beds included in the Tonto shales, ;’ﬁﬁ; ;;iﬂ‘i’mfeif; sxlli]s;[;‘;zigddl:zt%c{:

seems indicated by their lithological charac- sadstone, under 400 fect.

* This is not the Music Mountain of Licutenant Ives’s map, which lies several miles to the east.—
Report upon the Colorado River of the West, Government Printing-Office, Washington, 1861.
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ters, the lower Led being of a very dark drab, mottled with irregular red
spots, like the lower “marble” limestone, near the Grand Cafion; while
N - the upper beds, as farther

ALY e |  Compeact Lidht
[t dreh ot Lt north, grow gradually lighter-
 Gatoarsous shales. o 5lored, hecoming more uni-
R i ||H“17mz linestono. o o
' formly compact and acquiring
= Cele. shales. .
R Rt T Derk drab Lim estore. a conchoidal fracture. They‘
L = = Cale.shalos- .
LDl drab limestane. all weather with very rough
L S Cblo. shaclos-
B . |\|” J“A H Very dork drad marble surfaces.
_llul || limestonos mottiedred . The surface of this lower
B : Argillaceons shales and mesa presents a beautiful roll-
— sandstones, probably mich . . .
Toss than 100 foct. ing or hilly country, which
3 ___ _ descends gradually northeast-
Tonto Sandstone  ward to the Colorado, on the
dar? opposite side of which rises

the great northern wall of the -

¥16. 83.—Section of mesa-edge where ascended southof Tin- Grand Caﬁon.. Southwest-
nabkah Springs. ward its precipices overlook
the Hualapais Valley, with the dry flat of “Red Lake” and the distant
Cerbat Mountains, which appear composed mostly of plutonic rocks. In

TR s )
i granites

approaching Music Mountain, most of the limestones and Tonto shales are
more and more eroded away from the surface of the lower mesa, and mostly
remain asmesa hills, often bordering the Plateau edge, the intermediate val-
leys being sometimes cut to the granite below. . Music Mountain is such a
remnant, reaching up to the second limestone above the shales, the Tonto
shales being thicker than at Tinnahkah Springs. The country does not fall
away particularly as a result of this erosion, however, as the base of the sed-
imentary series, the Tonto sandstone, grows more and more elevated, the
mesa edge being here as high or higher than near the river, but formed
mostly of underlying granite.

The drainage is away from the edge northeastward to the river.. Upon
the surface several patches of lava were met, forming limited areas of ‘“mal-
pais.” The canon of New River, which heads just north of Music Mount-
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ain, has served as a4 channel for a flow of the same lava. A new cafion has
been cut in this lava, exposing the following section :
No. 5. Surface soil and débris, mostly Caston of New Biver: e m:
of Tonto sandstone. sear source. = Sl
No. 4. Ten feet; compact and often

banded calcitic tufa or a calcareous con-

20

glomerate so closely cemented as to appear
homogeneous.

No. 3. Forty feet; very fine to coarse
conglomerate, mostly of limestone, with

sandstone, granite, and lava bowlders ; hor-
izontally bedded, filled in largely with lime.

No. 2. Fifteen feet; bowlders of No. 3,
and the finer material of the same mixed, at the top, with bowlders of No. 1,
but below serving only as a filling of cracks and spaces in the very scoria-
ceous and amygdaloidal top of No.1. The amygdales of the latter are
filled mostly ‘with carbonate of lime with some zeolitic mineral, and the
rock filled with soft, reddish-brown, crystal-like specks, as if of decomposed
olivine.

No. 1. About 120 feet exposed in all, not cut through ; very compact,
grayish black lava, with smooth but uneven to hackly fracture, and occa-
sional grains of a transparent green mineral, apparently olivine, which de-
compose to a reddish-brown soft material. This, and the lava met farther
north are nearly typical basalts, and much like others met upon the Col-
orado Plateau.

At Music Mountain the mesa edge suddenly turns eastward, leaving a
deep bay or area extending toward Aubrey Valley, and in which Truxton
Springs is situated. In descending from the bottom of the Tonto sandstone,
which forms the base of Music Mountain, to Truxton, about 1,500 feet of
granite and allied rocks are passed through, of which about half is in the
first steep descent from the mesa. This granite, with the accompanying
rocks—of which the most frequent is a very fine-grained gray syenite, com-
posed of a uniform mixture of small white and jet black particles, as if a
loose sandstone—at first forms abrupt hills, and contains frequent highly-
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feldspathic veins or dykes, which, being harder than the adjacent rock,
generally protrude several feet above the surface. At two or three points
several of these appeared in company, at one point as many as seven, all
being parallel, trending nearly east and west, a few rods apart, and 2 to 5
fect thick. Some were of handsome white cleaving orthoclase.

Gradually the granite hills become capped and often wholly covered
with a dark lava, like that at New River, and as the surface of this gradually
becomes lower, it in turn becomes covered with a light pink or white rhyolite,
the two being separated by several thin, soft, stratified layers of white tufa,
which assist in causing the rhyolite to break in palisades which line the
cafons.

The granite was subjected to much erosion before the lavas covered it,
its surface being very irregular, points of it sometimes projecting through
both lavas, while, again, some of the cafions cut through many feet of the
lower lava without exposing the granite. These granite hills toward the
west, where they form the low eastern edge of Hualapais Valley (in the
extension of the line of higher mesa edge at the north), are quite free from
the lavas; eastward, or back from the valley, as near Truxton, granite and
lava both largely occur; while further east, in which direction the lava-cap
gently dips, the lava appears to form large unbroken areas. Its relation to the
sedimentary mesa which rises at the east I do not know. Toward the south
and along the western valley border it occurs much as toward the north.
As the hills grow higher the rhyolite first thins out and disappears, and
finally the lower lava, leaving high hills of granitic rocks. It would thus
appear that the rhyolite occupies a broad but shallow basin in the lower
lava. I do not think that I observed it at any point thicker than 60 or 80
feet.

Near its northern limit, and where it was first observed beneath the
capping rhyolite, the lower lava was almost precisely like that at New River.
It is nearly black, or grayish black, and somewhat dull in color, and very
fine-grained or compact, uniform, and close in texture, breaking with an
uneven fracture. In this base are sprinkled from a few to numerous small
grains of olivine. These usually show a discolored film upon their surfaces,
while near the weathered surface of the rock the mineral is often changed
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throughout, having the color and nearly the consistency of hard brown
soap. All stages of this decomposition may be observed. This lava has
all the characteristics of true basalt, and is like the Plateau basalts that I
have seen, excepting, perhaps, that the olivine is more prone to decomposi-
tion.

The greater part of the upper lava consists of a white, light, fine-
grained, but rough and open textured mass, in which are scattered numerous
colorless, cleaving crystals of sanidine, and occasional flakes of a bronze
mica and small crystals of hornblende. A few grains of quartz are also
present, and as the rock so strongly resembles some of the typical Nevada
rhyolites, it probably also contains free silica disseminated through the mass
unperceivable by the eye. In places the paste is more compactly textured,
being then heavier, with a smoother and more conchoidal fracture, and
ringing when struck much like phonolite. It is frequently of a delicate
pink color, and weathers dark, dirty brown, while it often contains scoriaceous
pebbles of the underlying lava. The following cut is a section observed
near Truxton Springs. In this vicinity
there are more than two strata of the , o) |
basalt exposed in places; Mr. Ogden l}
stating that he observed four at one
point, all separated by stratified con-
glomerates, as in the accompanying sec- . |7 & Amygdaloidal Basalt.
tion. I observed but two myself, in my
hurried passage. These were both quite
amygdaloidal, the amygdales beingquite
numerous, mostly small and round, and '
containing carbonate of lime ; the dark,

. o/ Vo .‘ \\i&ty“[
compact matrix being quite thickly / [/ SRS N
sprinkled with the yellow-brown, decom- 72T 1 Qranite >

posed olivine grains. At the scoriaceous Fic. 90.—Section of lavas at Truxton Springs.

8 Rhyolite

Stratified, sort
Rnyolitic sands

“=5=2cd 3 Oonglomerate and
St andstone
2 Basalt

summit of the lower beds, especially where they are much commingled
with the overlying stratified volcanic sands, &ec., the soft decomposed min-
eral largely abounds. The following is a detail description of the section,
(figure 90-)
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No. 8. Forty feet. Rhyolite; matrix grayish white, fine-grained, very
finely porous, light; fracture rough, uneven. Embedded in this matrix are
numerous crystals, often rectangular, of a colorless glassy cleaving feldspar,
probably sanadine; a few small crystals of black hornblende, flakes of a
bronze mica, and grains of quartz. It incloses frequent fragments of scoria-
ceous basalt, which contains decomposed olivine crystals. Near the base
the matrix is more compact ; fracture, conchoidal ; embedded crystals fewer;
color, light pink ;* rings like phonolite.

Between No. 7 and No. 8 is a narrow seam of very soft, fine rhyolitic
sand, loosely compacted; color, light pink.

No. 7. Two feet very fine sandstone, thinly bedded, but much broken
up. It is like the compact rhyolite near base of No. 8, only not so cohe-
rent, and containing fewer scattered crystals.

No. 6. Six feet rhyolitic sand, much like No. 7

Between 5 and 6 is very soft seam, reddish and white bands.

No. 5.- One and one-half feet soft, slightly coherent, stratified, grayish-
white rhyolitic sand.

Junction between Nos. 4 and 5 is not well defined, the exceedingly
amygdaloidal surface of 4 being much broken and mixed with 5. TFormer
has compact black base, full of yellowish-red decomposed olivine crystals,
and has about 50 per cent. of amygdules of carbonate of lime and perhaps a.
zeolite.

No. 4. One hundred feet, basalt; very compact, hard, black base, hav-
ing conchoidal fracture, and numerous small, yellowish-brown, crystal-like
spots of decomposed and decomposing olivine, with numerous very small
and fewer larger white amygdules—former wholly filled and round, latter
lined with carbonate of lime and apparently zeolites. Bottom much mixed
with bowlders, &c., of—

No. 3. Twenty feet, conglomerate and sandstone, mostly white, of vol-
canic sand and many granite pebbles.

No. 2. Basalt like No. 4, but less amygdaloidal.

No. 1. Granite; whitish and pinkish; red and white feldspars, little
quartz, and congeries of small flakes of green mica. |

Near Truxton, however, considerable variations among the lower lavas
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occur, chiefly in the extent of amygdaloid character or amount of decom-
position of the olivine. In fact, in these characters, but in these alone
apparently, these lavas show considerable external differences at first from
other basalts of the region, but the -accompanying stratified beds show that
the lavas also have been deposited under water, when the conditions have
generally been supposed to be such as to promote peculiarities of texture
and especially amygdaloidal character. The variation from the true basalt
of the same bed a few miles at the north, however, is really small, and in-
volves no change in specific character.

It would seem, then, that there is here a case in which rhyolite is younger
or more recent than basalt, and one of the few known exceptions to the usual
sequence of these volcanic rocks of the West, as first established by Richtho-
fen.* I did not observe the source from whence these lavas came.

At one- point between Music Mountain and Truxton Springs, in an
expansion of a small cafion in basalt, with rhyolite above, there occurred,
crossing- the bottom of the cafion, the curious appearance of five parallel
granite or feldspathic dikes penetrating the basaltic bottom, and all within a
distance of about 500 feet. A short distance below there was granite
exposed forming the cafion-floor. The lava, in flowing over the uneven sur-
face of the granite, must have here covered a system of projecting dikes,
such as have been described above, while the subsequent erosion has pro-
ceeded just far enough to expose them without removing the surrounding
basalt. ‘

In leaving Truxton, the road passed southwestward through granite
hills, at first mostly lava-capped, but growing less so, to the eastern edge of
an arm of Hualapais Valley, where it turned to the left and followed south-
eastward along the western edge of the granite hills. The valley’s edge
was rolling and covered with picturesque groves of law pines and junipers,
but the center appeared sterile and flat, though probably cut with dry
cafions. The Peacock Mountains, opposite, exhibit plutonic outlines, with
considerable lava near their bases, the larger but more distant Hualapais
Mountain, exhibiting similar outlines.

* Natural System of Voleanic Rocks, by F. Baron Richthofen, California Academy of Sciences, 1867.
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As the granite hills upon the left grow higher, the lavas upon them
gradually disappear, till at Cactus Pass, where the road again turned in
among the hills, none appeared. In the continuation of the road before
turning, however, and upon the western side of the granite, a few large hills
occurred apparently composed of dark lava.

The grarite hills of the pass reach a considerable height, and form the
northern extremity of a low range called the Aquarius Mouritains. Feld-
spathic veins and metamorphic rocks as usual accompany the granites.
Upon ascending through the pass, a region in which volcanic products pre-
dominate is again entered, being first encountered in a large flow of basaltic
lava similar to that north of Truxton, and which is passed through in a shal-
low box cafon, in an expansion of which the deserted camp of Willow
Grove is situated. Issuing from this cafion we found ourselves upon a
beautifully rolling country, sprinkled with groves and open glades. While
granite occasionally appeared, the surface seemed formed mostly of volcanic
tuffs and occasional conglomerates, with some rhyolite (3). Upon the south
and west are the low granite hills of the Aquarius Mountains, while curv-
ing around in partially circular form at the north and east is the Lower Car-
boniferous mesa edge with occasional solitary and broken outliers. At
Fort Rock are several rhyolite capped hills, while the ranch at the place is
partially built of fine white rhyolitic tuff quarried near by. This region of
volcanic products is probably a part of that near Truxton, though I did not
see the direct connection.

Cross Mountain, near Fort Rock, is a prominent mesa outlier, having
a granite base, and reaching up through the Tonto sandstone and Tonto
shales to the second or third of the more prominent limestone strata. Pass-
ing near the foot of Cross Mountain, and approaching Aztec Pass, the road,
after passing through a short box cafion in dark basaltic lava, rises slightly
upon a low table composed of loose volcanic material, mostly tuff and
agglomerate, generally light colored, and having scattered upon the surface
much obsidian. Standing on this table, a short distance to the southwest,
is a remnant of a volcanic cone, Mount Gemini of Lieutenant Whipple. What
the nature of its lava is I do not know.

In passing through Aztec Pass, we were once more upon the limits of
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the sedimentary rocks, the pass itself being in granite, which, upon the left,
is capped with the lower strata of a southward projecting point of the lower
mesa, called the Juniper Mountains. This series apparently consists of the
Tonto sandstone at the base, with not so great a thickness of the Tonto
shales, as at the Colorado, but greater than south of Tinnahkah Springs
above, capped with three or four of the lower limestone and intermediate
calcareous shaly strata. It presents, in fact, the usual lower beds of the
stratified series of the region, and is similar to Cross Mountain and the
many sections of the edge of the Tonto sandstones, shales, and upper lime-
stones previously noted.*

Upon emerging from the pass and leaving Camp Hualapais, which is
situated at its eastern end, the edge of the Juniper Mountains recedes upon
the left to-join the main mesa at the north, the road entering upon the large
area of plutonic and metamorphic rocks which surrounds Prescott. This is
in part a rolling country, and in part covered with abrupt hills, and even
mountains, mostly sprinkled with junipers, or often with fine large pines,
with their accompanying,characteristic vegetation and frequent open val-
leys, all forming a most delightful region which is apparently susceptible of
successful cultivation. Granite and allied rocks largely occur, but highly
metamorphic rocks, as schists, slates, &c., also occur, often covering con-
siderable arcas, and with which many of the silver and gold bearing lodes
of the country are associated.” Lavas occur, but apparently in subordinate
amounts.

Between Prescott and Agua Fria Valley basalt is encountered capping
granite hills. The detrital filling of the valley is mostly of granite, with
subordinate amounts of metamorphic rocks and lavas. Upon approaching

* The section as observed at this point, with the correlations fonnded on the same, by Mr. Jules
Marcou, geologist of Lieut. A. W. Whipple’s expedition, near thé thirty-fifth parallel, will be fonnd in
Report on Pacific Railroad Exploration, (War Department,) Vol. III, Part IV, p. 156 and p. 170, and
Geology of North America, p. %4, while Dr. J. 8. Newberry’s strictures and criticisms upon the same are
in the Report on Colorado River, Lieut. J. C. Ives, Washington, 1861, Part III, p. 69. Hastening to
Prescott with but two com: anions, to there establish an astronomical station, and in a hostile Indian
country, there was no opportunity for detailed observation, even the notes having to wait a few days
before they could be written. My many opportunities, however, for seeing even hurriedly the limiting
edge of the sedimentary rocks along a continuous line, made me familiar with its characters, and they
could hardly have Leen misunderstood in this instance. The section thus obtained differs somewhat
from that given by Mr. Marcou, and still more from that inferred by Dr. Newberry from Mr. Marcou’s
notes.
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the Black Hills, which lie between Prescott and Verde River, bordering the
latter, much disturbed metamorphic rock is passed on their southwestern
flanks. Where observed they consisted of some semi-schistose rocks and
some highly changed shaly limestones. The main mass of the range fol-
lowing was of a very handsome syenite-granite, coarse-grained, and com-
posed of a pretty uniform mixture of quartz and whitish feldspar, not well
crystallized, and large, scattered, well-defined rectangular crystals of black -
hornblende. In the eastern part of the range the syenite became finer-
grained, the feldspar reddish, while the hornblende, losing its crystalline
form, became green, and occurred in irregular, small, apparently amorphous
or fibrous spots and particles. On some of the low hills at the west, and on
many of the higher ones along the eastern front of the range, were caps of
black basaltic lava, often many feet thick and composed of many flows.
The one of these observed was a very compact black basalt, containing very
numerous scattered grains of green olivine. ,

In descending the eastern slope of the range a magnificent view is had
of the Verde River and Valley lying at its base, with the abrupt edge of
the Carboniferous mesa, which is here again encountered, rising in highly
colored cliffs all along on the valley’s farther side. Patches of its strata
occur high up on the flanks of the Black Hills, and though not positive as to
the geological relations between them and the syenite of the hills, I think that
between the gently inclining strata, which certainly do rest upon their
flanks, and the syenite, the strata are not upturned, though a fault may there
exist. If not the latter, the Black Hills must have penetrated far up into
the sedimentary rocks, and have been an island during the time that the older
deposits were being formed. This was the impression received at the time.

Upon descending to the river, the valley-bottom was found to be in the
Red Wall limestone.
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SECTION IL
VERDE RIVER TO LITTLE COLORADO RIVER.

See Plate IV, (end of chapter,) Section 1.

The valley of the river Verde, in the vicinity of Camp Verde, occu-
pies the line of demarkation between the edge of the Carboniferous mesa
bounding it on the northeast and the Black Hills, which form its southeast-
ern slopes. The latter, in fact, have here determined the course of the val-
ley, the river having eroded its channel along their edge, and in the softer
and horizontal sedimentary beds which formerly abutted against and rested
upon their harder syenitic flanks, until it has finally worked its way some
distance into the Red Wall limestone in which it now flows. The surface of
this limestone here, as elsewhere, forms a bench or step, before reaching the
overlying Aubrey group of rocks which forms the higher mesa beyond.
Toward the northwest, the upper and harder member of the Aubrey
group, here a heavy cross stratified sandstone, is present, and protecting the
underlfing and: softer members of the same series, molds the mesa’s edge
into a well defined escarpment, which stretches up the valley in long per-
spective, fading in the distance a banded ribbon of white, red, and white.
South and east of the post, the escarpment soon bends out of sight,
leaving the Black Hills inclosing the view, and giving a distant glimpse of
the Mazatzal range, both of the latter presenting the characteristic contours
of the metamorphjc‘ and crystalline rocks which lie below the sedimentary,
modified here and there by capping masses of lava. For several miles
directly back (northeast) from the post, the eroding agencies, except in
isolated instances, have removed the upper and protecting Aubrey bed, and
left the softer and lower strata forming an undulating inclined plain, gently
rising from the summit of the Red Wall limestone. Later, a flow of
basaltic lava poured down from the north and east, covered the upper strata,
surrounded, island-like, the old mesa remnants, in places ran down into the
‘then existing cafions, and even to the main valley, or ended in a thin sheet

upon the gentle slope.
14 ws
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Finally, subsequent denudation, having naturally its greatest hold upon
these thin and weaker edges, and at those points where. the lava had sur-
rounded the older mesa islands, has broken the former into scattered patches
of lava, which now cap outlying elevations, while at the latter it has com-
menced to carve canions which now reach considerable depths and are often
impassable. These cafions in their downward cutting have occasionally sur-
rounded, narrowed the base, but not wholly removed the mesa remnants
which originally determined their courses, so that they now stand isolated
buttes, springing from the cafion bottoms, and reaching far above the sur-
rounding plain of lava. Banded horizontally, as they are, in stripes of every
width and of all colors, from white through yellows and browns to vivid
reds, the sandstones and limestones of the Aubrey group, their precipitous
sides buttressed and pinnacled, cathedral-like, from base to summit, they
present some of the most weird of nature’s architecture.

We scaled the Red Wall limestone escarpment a few miles above the
post, and proceeded eastward up the gently undulating slope before men-
tioned. This was covered with vegetation, so that we unconsciously rose
through the lower members of the Aubrey series, in which we found our-
selves upon descending into the cafion of Beaver Creek. This creek unites
with the Verde near the post, and in its lower reaches, which are cut in the
Red Wall limestone, are many interesting and unique remains of the buildings
of an ancient race. Some of these are several stories high, and carefully
and methodically constructed of stones and adobe, with wooden beams, on
which rest the floors. Theyare generally perched in almost inaccessible-niches
directly upon the faces of cliffs, or in crevices under overhanging bluffs 30
feet or more from the base. Besides these, there are some ruder habitations
in caves in the limestone which are well defended by walls. Many relics
of the ancient inhabitants, even pieces of cloth, have been gathered from
this interesting locality, but there now remain only the ruined buildings and
the scattered pieces of broken pottery.

Before descending into the cafion of Beaver Creek several low, lava-
capped mesa outliers were passed, forerunners of the main sheet. From
the cafion, as before mentioned, several buttes, composed of the Aubrey
strata—red predominating near the base and lighter colors above, and prob-
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ably capped with the cross stratified sandstones—rise far above the surround-
ing lava-covered plain. There seems to be a hardly perceptible dip to the
eastward. The eastern side of the cafion is here about 1,000 feet high, the
lower half being of red Aubrey sandstones, the upper half of layers of com-
pact black ‘basaltic lava, with a stratum of pinkish-white, calcareous, light
volcanic mud or marl intercalated near the base. Some quite fresh-looking
scorize was here observed on the surface, which was mostly covered with some-
what scoriaceous bowlders, often weathering in concentric spherical masses.
The greater resisting nature of the hard lava, as compared with that of
the softer beds below, causes it to form the real western limit of the higher
mesa. From its edge a commanding view is had of the Verde Valley and
the Black Hills beyond. From this point the lava extends a continuous
mass forty miles to the eastward, our route revealing no cafions which pene-
trated through the mass to the underlying strata, though north and south of
the line both the cross stratified sandstone and overlying fossiliferous cherty
limestone have been observed as thus exposed, the lava resting directly upon
them. The highest point on this mass of lava passed by our route was
about midway between its eastern and western limits, or about twenty miles
_east of Beaver Creek, where it reached an altitude of about 7,000 feet above
the sea. Its greatest altitudes seemed to be along a line stretching from
this point toward San Francisco Mountain. From this medial line the lava
appears to extend, first as abrupt hills, then as more undulating country,
until finally it flows out in all directions a nearly even, gradually descend-
ing and thinning sheet. It is impossible to give its limits accurately. Its
western edge is nominally the mesa’s edge, from which it extends eastward
about forty miles, though, as stated, small outlying remnants line the mar-
gin and extend more or less far from it, proving both its original greater
extent and the great erosion which has taken place since it was erupted.
Toward the south it falls in a long slope, and must extend far past our trail ;
while at the northwest it descends toward the San Francisco Mountain.
When observed, its lithological character varied from a very compact
to a rather fine-grained basaltic lava. The former is very compact, very,
dark-colored to black, and has plentifully sprinkled through it small grains
of a transparent, green, or resinous colored mineral, with not well-defined
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cleavage and vitreous fracture, olivine. Occasionally, it is somewhat
amygdaloidal, with amygdales of carbonates and zeolites, or of quartz sur-
rounded with a pellicle of green earth. The coarser-grained varieties, prob-
ably dolerites, are grayish in color, sometimes free from any past or matrix,
and consist mostly of a granular crystalline aggregate of small white and
colorless triclinic feldspar and an augitic (¥) element, with frequent larger
grains of olivine, as in the compact variety. - The olivine in smaler grains
seems to compose a considerable per cent. of the rock. The olivine is often
affected by decomposition, being generally brownish or more resinous in
color, with irridescence, and sometimes slightly resembling mica, and again
apparently replaced by a soft iron mineral, producing numerous red spots.

This lava has pfobably been extruded into its present position from
below through fissures, which probably extend approximately underneath
its line of greatest elevation, and along which faulting may or may not have
taken place. The causes which gave it birth are no doubt identical with
those which have produced the many other basaltic masses which rest in a
similar manner on the Colorado Plateau, while their occurrence probably
has a connection with those deep-seated causes which have acted, and are
yet probably acting, in modifying the plateau. The soil upon the lava is
black and meager, and in places where but little exists the twisted scoriee
are often remarkably well preserved, seeming as fresh as if formed but yes-
terday. Large pines (Pinus ponderosa) clothe its higher altitudes, juniper
(Juniperus occidentalis) and the pifion pine, opening out into grassy glades,
the lower portions. The black color of the lava, and of its derived soil,
or, more probably, of the dark green vegetation, as seen from a distance,
has given to this part of the plateau the name of “Black Mesa,” while from
its rough surface is derived the term ‘‘Mal-pais,” the Spanish equivalent of
the more familiar French ¢ Mauvaise Terre.”

The eastern edge of the Black Mesa presents a very different order of
things from the western. Instead of looking down into a deeply eroded
valley, the eye wanders over an extensive plain lying a few hundred feet
below the edge, and falling with a gentle inclination eastward toward the
Little Colorado. The descent to this plain is precipitous. Where we passed
it the basalt-cap was perhaps 100 feet thick, the lower limit being hid, how-
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| ever, by its own débris. Skirting the edge is a series of island-like remnants
of the mesa, on which the cappings of basalt still remain. This lava here
rests on a dark red shaly sandstone, which in turn rests at its base conform-
ably on a grayish, somewhat cherty, limestone, the few feet of which that
are here only exposed, being unfossiliferous, so far as observed.

From this point to ¢ Sunset Tanks,” a distance of about ten miles, this
limestoné composes most of the floor of the gradually descending plain be-
fore mentioned, a few others being exposed here and there. These are
much like the first, of from a few to perhaps 15 feet in thickness, drab or
gray in color, and usually cherty. About midway between the mesa edge
and Sunset Tanks, a few imperfect fossils were obtained from one of these
beds. Such as they are they present a general resemblance (one of them
probably being a schizodus) to fossils obtained by Mr. Gilbert from about
the same horizon near the Paria, about one hundred miles north, and which
Mr. Meek considers as being the equmivalent of the Permo-carboniferous .
fossils of Kansas. ,

These limestones, then, the top of the Aubrey cherty limestones prob-
ably, may be considered as forming the summit of the Carboniferous; the
shaly sandstones above being conveniently considered as of Triassic age.*

At Sunset Tanks there occurs another line of several mesa outliers,
approximately parallel with the mesa-edge, the higher ones being still
capped with many feet of the same basaltic lava, and reaching an altitude of
over 1,200 feet above the plain. These are also mostly made up of fine
shaly sandstones, mostly red, some cream-colored, of the rocks of presumed
Triassic age resting on the preceding limestones at the base, and mostly
covered with the débris from the capping lava. Pieces of petrified wood
were numerous near the top, this occurrence being in this region character-
istic of the Lower Triassic beds. 'Though several feet of the lower sand-
stones are exposed in the cafion at the Tanks, no fossils were observed.

A comprehensive view is had from the top of these table-hills. San
Francisco Mountain towers grandly up at the northwest, and the lava-

* See Newberry in Ives’s Report of Colorado River, Part III, pp. 70 to 77, and Marcou, Pacific Rail-
road Report, Vol. I1I, Part III, pp. 1563 and 170, and North American Geology, pp. 14,15, and 23; also the
latter, who first called these rocks Permian in “Dyas et Trias,” Genéva, 1859, p. 38; and “Le Dyas au
Nebraska,” in Bulletin de 1a Société Géologique de France, Vol. XXIV.
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streams east of it plainly show, reaching a point 30° west of north. The
edge of the basaltic mesa, which was just left, here bends to the west and
north, leaving a wide bay separating it from the lavas near San Francisco
Mountain, while in the opposite direction it extends about 30° east of south
as far as one can see, forming a long, even, thickly-wooded stretch of hori-
zon. To the southeast, a distant view of the flatly conical Mogollon Mount-
ains is dimly revealed. Below, and to the east and north, lies the long slope
cut by many shallow box cafions in the limestones and overlying sandstones,
descending with the slope eastward to join the river upon whose farther
side a new mesa-edge is presented. This is of irregular and worn contour,
though it rises, a step of dark-red color, to a considerable height. Far
beyond, and resting on the preceding, is still another but far better marked
step. It is the famous great white mesa. First visible at 20° east of north,
it stretches, a thread of dazzling white, along the horizon until it disappears
to the north behind the spurs of San Francisco Mountain.

In the vicinity of Sunset Tanks the eastward inclination of the Upper
Carboniferous limestones which had formed the floor of the plain, being
greater than that of the surface, they disappeared beneath it, becoming
covered with red soil and flat mesa remnants, which give an indefinite roll-
ing character to the general incline. These low hills are composed of dark-
red shaly Triassic sandstone, often ripple-marked and gypsiferous, with occa-
sional thicker beds. Patches of gravel generally occur scattered over the
higher points, the pebbles being highly siliceous, well rounded, seldom
larger than an egg, and of many colors, often brilliant, white, yellow, red,
green, black, and often accompanied by fragments of silicified wood. These
characters continued to the Little Colorado, which was forded at ‘Sunset
Crossing.” The same formation was found upon the opposite side of the
river, but more marked, and rising a few hundred feet in irregular bluffs,
while beyond to the northeast, and forming a still better marked series of
cliffs, were more massive sandstones, the same line of cliffs that occur at
Saint George, two hundred and twenty-five miles to the northwest, and men-
tioned at the beginning of this report. At this point, and above, the river
is not at all typical of this region, inasmuch as it does not flow in a cafion.
On the contrary, its flood plain is in places a mile or more in width, through
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whichyit winds its muddy current in quite a tortuous course. It practically
. occupies a monoclinal valley between the Carboniferous and the Triassic.
Proceeding up along the north bank of the river to where it is joined from
the south by the river Puerco, the irregular Triassic bluffs were upon the
left, and we gradually rose through the strata composing them.

As on the opposite side of the stream, these are mostly composed
of dark-red and chocolate-colored shaly sandstones, with occasional cream-
colored and thicker beds, the shaly sandstones being often ripple-marked,
and all often highly gypsiferous, numerous small veins of gypsum often
ramifying through the mass. At the highest point reached, these beds were
capped with a conglomerate of siliceous pebbles, the ‘“Shin-af-ump Triassic
conglomerate” of Powell.

The irregular gravel deposits generally capping the gentle elevations
west of the crossing, as mentioned above, have their origin in this bed; the
erosion near the river removing the lower beds, but leaving the less easily
removed pebbles which had resulted from the disintegration of the con-
glomerate. The dip of the formation here seems to be a few degrees toward
the northeast, in which direction the formation, according to Newberry,
flattens.*

SECTION TIII.
LITTLE COLORADO RIVER TO CAMP APACHE.
Plate IV, Section 2.

The route from the Little Colorado River southward to Camp Apache
formed nearly a right angle with that from the Verde to the Little Colorado.
Both approaching the edge of the Carboniferous Plateau at about the same
angle, and being of about equal lengths, very nearly the same geological
section was found in each. Even the Black Mesa south of San Francisco
Mountain has its counterpart here in the Mogollon Mountains. The latter,
about the nature of which there has been some speculation, are a mass of
basaltic lava resting on the Upper Carboniferous strata in nearly all respects
precisely similar to the Black Mesa mass. They are more abrupt in con-

*Ives. Report on the Colorado River, Part III, p. 77, Fig. 19.
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tour, reaching a height of about 2,000 or 2,500 feet above Camp Al;ache,
or about 7,000 feet above the sea, and trend more nearly east and west, but
have the same lithological and structural characters.

The details of the section are as follows. Rising upon the long slope
which forms the southern side of the valley of the Little Colorado, but
descending through the eroded remains of the Lower Triassic, the friable

yellow cross-stratified sandstone of the Upper Aubrey is found outcropping
from beneath the latter and forming the rim or summit of the incline. The
overlying cherty limestone was not here observed. The dip of the strata is

quite strong to the north or northeast, while the predominant dip of the’

cross-strata of the Aubrey sandstone appeared to be eastward.

This sandstone forms a cedar sprinkled ridge a few miles south of the
river, and bounds the northern side of a shallow, rolling depression. The
latter is devoid of trees and covered with a red soil, derived probably from
underlying shales and sandstones of the Aubrey group. Its southern bound-
ary, about fourteen miles from the river, is a gentle step, ascending which the
cross-stratified sandstone is again encountered. It here forms a low, rolling,
cedar covered plateau, extending.about eight miles along our route, and is
cut through by a narrow box cafion 200 or 300 feet deep, in which flows
Bouché’s Fork. The gemeral dip of the strata is toward the northward, and
of the cross-strata mostly eastward. Descending from the southern edge of
this sandstone plateau, and to the level of Bouché’s Fork, the route was.
mostly in undulating Aubrey shales, the hills being often capped, however,
with remnants of the sandstone.

Lava-capped hills also begin to occur, and finally the continuous lava-
sheet from the Mogollon is met, forming a low, irregular edged mesa. This
at first gradually rises as an even sheet, with occasional steeper slopes and
more level benches, then as low hills, which finally merge into the larger
and more abruptly contoured masses of the summit. No volcanic cones
were encountered. Wherever observed, the rock was of dark, compact to
fine-grained basalt, containing much olivine, and identical with that upon
the Black Mesa. : )

From the summit, San Francisco Mountain, one hundred and thirty
miles distant in the northwest, is distinctly visible.
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The southern edge of these mountains is very irregular, erosion having
cut valleys and cafions through the lava to the Aubrey rocks below, and
which extend quite to the mountain mass, leaving the ridges as long, lava-
capped promontories. There is, therefore, a belt of territory in which both
volcanic and sedimentary rocks largely occur, and no well-defined line can

be drawn separating the two, while the edge of the Carboniferous mesa,

which elsewhere is generally so distinctly marked, can here hardly be said
to exist. To the eastward are the White Mountains, running apparently
north and south, which present the same aspect as the Mogollon. The
" masses of the two seem to unite at the northeast, and the two are probably
identical in all their features, structural and otherwise. Generally along

the border of the Carboniferous mesa, the dip of the strata is such that the -

water divide is directly at the mesa edge, so that but little water can accu-
mulate upon the escarpment side to erode it away, this action being much
greater in the monoclinal valleys lying between the softer and harder strata
at the base of the cliff, and which tends to preserve the latter sharply de-
fined. Here, however, the Mogollon and White Mountains throw the water-

shed several miles back from the bluff, so-that there is directed upon it the’

powerful erosive action of all the waters that accumulate on their southern
and western slopes. To this action, combined with the protecting effect
exerted by the several lava flows which have descended from these mountains
upon the softer beds they cover, is due that indefinite and broken-up mesa
country which exists near these two ranges, and which presents such a strong
contrast to the abrupt border which generally limits the plateau rocks.

In leaving the mountains, the North Fork of the White Mountain Creek
was followed. Its valley rapidly sank through the basalt and into the soft
Aubrey rocks below,* when it begém to assume the true cafion form, the
capping basalt on either side giving vertical walls. The Aubrey sandstones,
&c., appear the same in character as near Camp Verde, and as the cafion
deepens there is exposed upon its sides a similar series of red and yellow
strata of all shades and intensities, banded in a most beautiful and wonderful

*The uppermost sediments encountered mmay have been higher than Carboniferous, the Mogollon
Mountains, like the Black Mesa, probably including some of the higher beds beneath them, not repre-
sented in the section. The southward dip of the rocks north of Apache in the section is incorrect.
They should have & ge?ntle northward dip, except for a short distance south of the post.
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manner, and with which erosion has in places played most fantastic freaks.
Another feature lends interest to the valley. Since the main cafion was cut
down through its lava capped sides to more than its present depth, a later
flood of similar lava has poured down its channel and filled up all its bottom.
Again, the aqueous agencies had to commence work upon the hardened bed,
and now the stream flows in a nar-
row box cafion cut in the lower lava.
Nor is the latter action the work of
a day, for even this has in places -
: already penetrated to the sediment-
ary rocks below, exposing several hundred feet of perpendicular lava cliffs.
Upon nearing Camp Apache, the deepening valley cuts fossil bearing
limestones, which belong to the Red Wall limestone, in the upper horizons
of which the ‘camp is situated, while the lava capped mesas, having also
gradually fallen in height, here reach an altitude of from 800 to 1,200 feet.
Throughout the valley the strata are all very nearly horizontal.

SECTION 1V.
FROM CAMP APACHE TO THE GILA VALLEY.
Plate IV, Section 3.

Camp Apache is at the mouth and near the junction of the cafion valley
of the North and East Forks of the White Mountain Creek. East of the post,
lava seems to predominate, and in rising upon it toward the White Mount-
ains, whence it seems to have come, a country similar to that described
toward the Mogollon would probably be encountered. When there in
November, much snow lay on both ranges.

West of the post is a more open country, the floor of which tends to be
of the Red Wall limestone, though the preservative effect of the hard basalt
has been to keep it covered with mesa-like buttes and ridges of the banded
red and yellow Lower Aubrey beds. Where the protecting lava-caps of these
is gone, a rolling and hilly country of the same beds takes the place of the
more broken mesa country, while in places even these have disappeared,
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and level, open stretches, floored with the Red Wall limestone, occur. It
was through this region that we passed before reaching Salt River, which was

" crossed at a point about eighteen miles west of the post. About midway -
in this distance, and near the river, a dip of the strata of several degrees to
the southwest was observed, the general dip of the region being slightly to
the northeast. :

Where crossed, the Salt River flowed in a cafion in the Red Wall
limestone, the northern side of which, being descended after nightfall, was
not examined. It was much lower than the southern side, however, which
reached a height of nearly 1,800 feet above the stream. Of this about ten or
twelve hundred feet were of Red Wall, capped with some sandstone, the
remainder being basaltic lava. At many points the limestone was highly
fossiliferous, and affected by strong local dips. It reaches several hundred
feet above the top of the limestone bench on the north side of the cafion,
indicating a fault in the latter ; while it must all be affected by a strong; con-
stant northeast dip, for, passing over the high basalt top southward two or
three miles, the Lower Tonto (vitreous) sandstone is encountered at a height
equal to that of the top of the limestone near the river, the whole thickness
of the latter, together with that of the Tonto (Silurian?) shales, being cov-
ered with the lava.

This lava capped hill was near the western end of a series of similar
ones, which appeared to line the southern side of the cafion to the east; this
side being generally higher than the northern side.

South of these hills the floor of the country is mostly of the vitreous
sandstone, but covered with hills of the overlying shales, of which many
are lava capped. Eastward this hilly character increases, but diminishes to
the west, where the vitreous sandstone predominates, its surface being eroded
into a beautiful rolling country, and having a strong, constant dip to the
north and east. Down this slope the streams flow in characteristic box-
cafions to join the Salt River.

This vitreous sandstone rises gradually toward the south for ten or
twelve miles from the river, when it breaks off precipitously and forms a
’high wall or bluff, bounding the northeastern side of the San Carlos Valley.
This abrupt mesa edge, standing probably 5,000 feet above the sea, and




220 GEOLOGY.

equalling in height the neighboring mountain masses, forms the southwestern
boundary of those sedimentary rocks which compose the great Plateau
System stretching northeastward to the Rocky Mountains.

AR ‘ To the northwest of the point on which we stood
N &y this edge was deeply cut by the lower canon of Salt

e River, but rising again on the opposite side, it forms the
Sierra Ancha, a massive, squarish, steep-sided ‘mesa-
mountain of the Tonto sandstone. To the southeast it
swings to the eastward, widening the valley, but soon

appears lost among masses of apparently plutonic and
eruptive rocks. Below, it rests on granite, occasional
abrupt detached outliers of sandstone-capped granite
lining the edge, while similar isolated remnants appear
on the flanks and top of the Apache Mountains on the
opposite side of the valley. These also occur still farther
south, and search would probably discover them even to
the verge of the Gila Valley. They afford evidence of
the former greater extent of the sedimentary rocks, and
of the enormous erosion which must have taken place to
have so effectually removed them. The southern masses
of sandstone have been faulted down with respect to those
lying north.

Basaltic
| -]

F1G. 92.—Section across San Carlos Valley, Arizona.

l Larlt ?T

SanlarlosVelley

With the mesa is left a pleasant vegetation of pine
groves and grassy glades. In descending into the San
Carlos Valley, (see section,) the edge of the Tonto sand-
stone shows a thickness of several hundred feet. It rests
directly upon a granite or granulitic rock, which consists
nearly wholly of red orthoclase and some quartz, and
which forms the base of several rugged hills capped with
the sandstones.. Lower down, darker colored rocks,
resembling diorites, prevail, weathering characteristically
in many small, sharp, irregular ridges. The detrital filling of the valley
is soon encountered, descending in what, at a distance, appears a long even
slope, but which is much cut up by ravines, many of which cut through it

Apache Mts.

SW «—Arcnacan
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to the rock beneath. Naturally, it is mainly composed of débris from the
Tonto sandstone with the other rocks of the valley. The lower part is well

stratified, the surface generally less so, often not at all.
the valley, but most apparent in its southern side, a mass
of basaltic lava lies under this alluvium, occasionally
projecting above it, but mainly exposed by ravines.

In ascending the Apache Mountains, we passed
directly from detritus, composed of Tonto sandstone,
without seeing granite, on to the portion of the bed itself,
which here forms the summits of the range, its whole
thickness, with some of the overlying shales in places
still remaining. A spur to the southeast of the line of
section, but lying much below the summit, also appeared
capped with the sandstone. 'The general dip was north-
“east, and the mass generally lay below the edge of the
mesa, of which it was once a continuation, the displace-
ment probably being due to a fault in the valley, the
downthrow being on the southern side.

The southeastern end of the range appears to have
less of the sandstone upon it, probably being composed
of the underlying rocks.

Crossing the divide, there are found upon the south-
western slope of the Apache Mountains two or three lines
of hills composed of the Tonto sandstone, each preserving
a gentle northeastern dipand resting on granite, butfaulted
downward with respect to the summit mass. This system
of faults seems to continue to the southwestern side of
the Sierra Ancha, where several hills with precipitous
southern sides, like others near the “ Wheat-fields” of
Pinal Creek, are visible.

The valley of Pinal Creek (see section) lies be-
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tween the Apache Mountains on the northeast and the Pinal Mountams
- on the southwest. Where crossed, the main mass of the latter was of granite,
but upon their northeast flanks is a long area of highly metamorphic rocks,
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consisting mostly of crystalline schists, micaceous, chloritic, and talcose, their
erosion forming an intricate maze of small valleys, separated by sharp ridges,
which present a strong contrast with the more massive features of the mount-
ains. An adjacent spur of the Pinal Mountains seems still capped with
Tonto sandstone, which dipped into the range at an angle of about 10°,
the last recognized southwestern remnant of the Plateau beds. The north-
eastern flanks of the valley, where exposed, consisted of red granite and
allied rocks.

Upon this side the detrital filling of the valley naturally consisted mostly
of the débris of the Tonto sandstone, while upon the opposite (southwest) side
granitic and metamorphic rocks prevailed. This detrital filling, as in the
San Carlos Valley, is composed of two distinet parts, the lower, b, of strati-
fied sands and gravels, having a gentle inclination toward the valley, and

-
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F1a. 94. To illustrate the detrital filling of Pinal Valley, (west branch Pinal Creek.)

d, e. Present surface slope, 4° to 7°.

¢. Unstratified mass of more or less angular bowlders.

b. Stratified gravels and sands having gentle inclination toward the valley.

a,a. Crystalline schists. ;

resting upon the bed rock below, and an upper portion, ¢, mostly of angular
bowlders, wholly unstratified and resting upon the irregular summit of the
lower portion, its general surface inclining toward the valley at an angle of
4° to 7°, increasing toward the bounding ranges. These valleys present
‘an interesting transition between the valleys of Nevada, which have long
been free from water that their subaérial detritus largely predominates over,
or wholly covers, any subaqueous filling which they may have contained,
and the valleys of and near the Gila River, which are almost wholly occu-
pied by nearly level subaqueous deposits, and in which subaérial action has
as yet hardly had time to commence.

The main Pinal Creek, (so called, though perfectly dry,) where crossed,
had not yet cut through the stratified material to the bed-rock below.

The Pinal Mountains were approached by ascending the west branch
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of Pinal Creek, which carried us across the zone of crystalline schists, and
into the granite, which at this point forms the mass of the range. Gold
quartz and copper ore werc frequent in the stream bed. The granite is a
handsome coarse-granular aggregate of quartz grains and orthoclase, large
projecting crystals of the latter, which is mostly white, mottling the weather-
ing rock, while the mica is subordinate, occurring in small black flakes. It
is characteristically cut in deep and rugged ravines, and is at first strongly
affected with joints having a southern trend, and inclined 60° to 80° east-
ward, with a subordinate system of east and west joints, dipping north, the
two together tending to stud the surface with large tombstone-like slabs of
rock. The first set of joints swings westward as the range is crossed.

In crossing the range this granite axis was found to extend continuously
to Camp Pinal, and seemed to form nearly all of its northern and lower parts.
To the southeast, however, the topography changes, the range rising in long,
even slopes to three flatly conical, massive mountains, which form its highest
points, and have the contour of rhyolite, of which they are probably composed.

At Camp Pinal a light pink rhyolitic lava is encountered bordering the
range, and apparently derived from the higher points to the left, though
now separated from them, I understand, by the cafion of Mineral Creek.
The camp is situated in a narrow valley, which forms the line of demarka-
tion between the granite and the bordering rhyolite; the junction north-
ward along the range being more strongly marked by the cafion of Pinto
Creek. This bordering rhyolite stands nearly as high as the main granite
" ridge where crossed, and, though having a rather undulating surface, its
- sides break down in most rugged palisades, whose precipitous faces overhang
the cafons and rim the borders of the range with almost impassable cliffs.
These form an abrupt termination to that mountainous country bordering
the Plateau region through which we had passed, and, extending a long
distance either way, look off at once upon the mountain-studded deserts of
the great Gila Valley.

Immediately beneath these skirting rhyolitic cliffs, the sloping front of
the range, at many points, and apparently for many miles, is composed of
the upturned edges of a series of sedimentary rocks, which dip into the
range at a high angle. At Surprise. Valley, where this series was first
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encountered, a thickness of about 2,000 feet is thus exposed between the
covering rhyolite and the dark plutonie, highly metamorphic rocks forming
the base of the slope, and on which they rest, with an inclination toward
the east-northeast of about 35°. The rocks first appearing beneath the
rhyolite are here but little changed, soft, red, with some shaly, sandstones ;
these are followed by partially metamorphosed and highly crystalline lime-
stones or marbles, while nearly all the lower half of the series—not seen near
by—appeared red, as if sandstones. At first there was much débris of lime-
stone, lithologically the same as much of the carboniferous limestone of the
Plateau series. Had opportunity offered, search would probably have been
rewarded by fossils, but none were observed, and the rocks remain un-
recognized. I am inclined to believe that they will prove to be a remnant
of the Plateau series, and have so colored them on the map.

Near where the range was left, and below its more abrupt slopes and
skirting foot-hills, are several groups of low scattered hills and occasional
high table-topped buttes, which often rise precipitously from the rather flat
border land of the valley, and which are apparently composed of rhyohte
A high butte called Tortilla is the most conspicuous of these.

Looking back, the mountain edge presented a formidable barrier, and,
for many miles, above the foot-hills of plutonic rocks, presented its slopes of
sedimentary strata capped with the lava palisades. In the far distance to
the northwest, and near the border mountain region, stands the curious
looking Superstition Mountain, showing nearly horizontal strata, apparently
of lavas or perhaps sedimentary rocks. '

At the few points observed the bed of the valley was of the ancient
plutonic and metamorphic rocks similar to those of the foot-hills, but these
soon passed under the continuous alluvium of the approaching plains, which
descended with a gentle slope to the Gila River.

From here on our route remained constantly on the alluvial filling of
the valleys of, and tributary to, the Gila, so that even hurried opportunities
for observation here ceased, and the nature of the formations and ranges
passed became a mere matter of speculation. The main physical features
of this great region, however, though so often described by others, are of
sufficient interest to warrant remention.
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It is a great depressed mountainous region, deeply buried beneath the
- sediments which have been eroded from its own mountains by a surround-
ing sea. This action has filled the valleys, gradually covered the foot-hills,
and, removing the débris from the mountain bases as fast as formed, has left
their clean and sharp cut tops projecting above the surrounding plain with-
out the usual accompaniment of foot-hills and border region which surround
nearly all ranges, the changes on the contrary from mountain slope to the
gentle incline of the plain being generally very abrupt. The mountains
seem to be of ancient plutonic or metamorphic rocks, or else of lavas; the
former more often forming ranges of which the majority trend about north--
west and southeast ; the latter more frequently occurring as striking isolated
peaks. The detrital filling varies from gravels traceable to the rocks of
adjacent hills to the finest of alluvium, the dust of which the winds often
carry for miles into Northern Arizona. It is sparsely sprinkled with a
dreary vegetation, composed principally of scattered individuals of many
species of mimosee and of cacti, the most striking of the latter being the
tall and isolated Cereus giganteus. '

To stand on the edge of the Pinal Mountains upon a quiet day, and
look off upon these wonderfully silent and arid plains, with their innumer-
able - lost mountains ” rising like precipitous islands from the sea, all bathed

in most delicate tints, and lying death-like in the peculiar, intangible after-
" noon haze of this region, which seems to magnify distant details rather than
to subdue them,impresses one most deeply. The wonderful monotony seems
uninclosable by an horizon ; and one imagines the scene to continue on the
same and have no end. Though the gulf and ocean are three hundred
miles away, yet here is the continent’s real southwestern border. A

Were the waters of the Gulf of California suddenly changed to
gravel and sand, with its precipitous and rugged mountain islands left pro-
jecting from the surface as now, there would be so produced an excellent
representation of these deserts, and, geologically speaking, it is but as yester-
day that precisely the same action was going on over all this enormous area
as is now in progress in the more confined region of the Gulf. The slow
elevation which has in part probably caused the gradual receding of the

waters may still be extending the area of our continent.
1Bws
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Unitep StaTES ENGINEER OFFICE,
GEOGRAPHICAL KEXPLORATIONS AND SURVEYS

WesT oF THE ONE HUNDREDTH MERIDIAN,
WasHiNngToN, D. C., July 1, 1874.

Sir: I have the honor to submit herewith a report upon the geological
material gathered during my two years’ connection with the survey under
your charge.

In 1872, the route of the party to which I was attached traversed por-
tions of the Sierra region of Western Utah and adjoining Nevada, and of
the Plateau region of Central Utah.

In 1873, I once more entered the Plateau country in Utah, and con-
tinued upon it to Arizona and New Mexico, making in the latter Territory
a detour southward among the Sierras. The entire data in regard to the
plateaus I have found it convenient to combine in a single chapter. The
description of the mountain ranges examined in Utah and Nevada consti-
tutes another chapter; and my notes upon the Sierras of Southern New
Mexico I have turned over to Mr. Gilbert, to be combined by him with the
data he has gathered in an adjoining and nearly surrounding belt. The
report gives the result of no detailed work, and I do not dare to hope that
it will prove free from error, either of observation or of deduction. Probably
the least unworthy contributions to the report relate to the distribution of
the several geological formations, and to the description of the folds and
faults of the Plateau System.

My especial thanks are due to Mr. Gilbert Thompson for assistance in
the collection of geological facts and specimens.. Despite his onerous
duties as  topographer, he gave untiring and intelligent attention to the
subjects that occupied me, and his contributions were both numerous and

valuable. ,
Very respectfully, your obedient servant,
Epwix K. HowsLy,
Geological Assistant.
First Licut. Gro. M. WHEELER,

Corps of Iingineers, in Charge.
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CHAPTER VIIL

.THE BASIN RANGE SYSTEM OF SOUTHWESTERN UTAH
AND SOUTHEASTERN NEVADA.

SECTION I.—MOUNTAIN RANGES: THEIR (GEOLOGICAL STRUCTURE, AGE, THICK-
NESS, AND CHARACTER OF STRATA. )

SECTION IL—VALLEYS: THEIR RELATION TO GEOLOGICAL STRUGTURES; LAKES,
ANCIENT AND MODERN ; RIVERS; WATER SUPPLY.

SEcTION 1II.—VOLCANIC PHENOMENA ; LITHOLOGICAL CHARACTER AND DISTRIBU-
TION OF VOLCANIC ROCKS AND MODE OF OCCURRENCE ; THERMAL

. SPRINGS.
SECTION IV.—ECONOMIC GEOLOGY.

SECTION L

MOUNTAIN RANGES: THEIR GEOLOGICAL STRUCTURE, AGE, THICK-
NESS, AND CHARACTER OF STRATA.

There is such a gradation of the range into the Plateau System, along
their line of intersection in Southern Utah, that it is impossible to draw a line
which shall have all range structure on one side, and all plateau on the other.

From the Uintah Mountains south to Mount Nebo, the eastern base of
the Wahsatch, is a line of perfect separation; but south of this mountain
the Wahsatch line of uplift drops down, and is soon lost beneath the Ter-
tiary and Cretaceous beds of the Plateau System ; and the division line is
crowded westward to the next parallel line of uplift—the Pah-vant range—
the western base of which Mr. Gilbert found to be an anticlinal, formed of
Paleozoic rocks, overlaid on the east with Secondary and Tertiary beds
This line may be followed south to Baldy Peak, where everything is buried
beneath immense beds of lava.

A few miles farther south, this ridge flattens out and joins the Plateau

System, and we are obliged once more to strike west or southwest from the
231
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neighborhood of Erémont’s Pass to the Iron Mountains, which may be fol-
lowed to Iron City and Pinto. At this point it becomes doubtful where the
line should be drawn, but I believe fewer difficulties are encountered by
continuing it in a southwest direction to the head of the Virgin range, which,
from this point southward to the Colorado River, gives once more a well-
. marked line of separation.

This line separates two regions, that cannot be better contrasted than
by the terms Sierra and Plateau. The first of these, which now claims
attention, is characterized throughout Southwestern Utah and Eastern
Nevada, as elsewhere, by nearly level arid plains, separated from each other
by parallel mountain ranges, which occur at irregular intervals of fifteen to
thirty miles, giving, on the average, a range of mountains every twenty
miles, with a trend varying but little from north and south.

In structure these ranges are both anticlinal and monoclinal, the latter
being the prevailing form, while pure anticlinals are seldom met with.

Very few ranges, however, have the same structure throughout their
whole extent. Frequently, in tracing a monoclinal, we find it changing to
an anticlinal, or more frequently to a faulted anticlinal—the axis of the anti-
clinal being at the same time the line of a fault, showing the beds on one
side of the axis at a much lower level than the same beds on the opposite side.
Further followed, the anticlinal would probably be found (after a cross-fault
or disturbance) with the downthrow on the opposite side, which, still further
followed, would give a monoclinal again, with the dip in the opposite direc-
tion from that first started with. Thus, not unfrequently, a great variety
of mountain structures may be found represented in a single range.

These plains, or valleys, have an average height above sea-level of ‘about
4,500 feet, while the height of the ranges above the plains varies from 3,000
to 6,000 feet. '

If admitted that this section has been covered with the heavy beds of
Triassic and Jurassic rocks, which are seen lying, conformable to the Car-
boniferous, on the borders of the system, and which Mr. Clarence Kin{:‘};
assures us in his Mining Industry, page 451, have capped the ranges of this
same system a little farther to the north; and if we admitted, also, that the
main folding was completed in late Jurassic times; then, before the erosion,
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which has gone on since the early Cretaceous, the height of the ranges above
the then much lower valleys must have been truly wonderful. But in the
region of our examination no evidence was found to warrant the assertion
of such former extension of these beds. At only two localities, and both of
these near the border of the system, have any beds been seen that could
with propriety be referred to these horizons. The first of these localities is
on the south end of the Mineral range, near Minersville, where some red
beds, several hundred feet in thickness, were seen overlying a yellowish-
gray limestone, which furnished fossils of Permian or Upper Carboniferous
types. Overlying these red beds, and a little farther to the north, Jurassic
fossils were found by Mr. Gilbert.

The second locality is a little west of Cedar Mountains, where there is
an exposure of 2,000 feet or more of yellowish-brown siliceous limestone,
which, although no fossils were seen, is probably of Triassic Age. No-
where else inside the system have we seen any evidence of beds, other than
the subaérial gravels and modern lake deposits, lying above the Carbonifer-
ous; the hard limestones of which now cap most of the ranges.

Omitting any further description of this region, the leading features of
which have so often been described by others, let us now examine a little
more in detail the different mountain ranges visited, and then call attention
to some features which are common to all.

WAHSATCH RANGE.

The Wahsatch, as already stated the most easterly range of the sys-
tem, is in the main monoclinal in structure, with an average dip to the east
of 25° or 30°; but our observations extended only to the southern portion
of the range—that which faces Utah and Juab Valleys. To the descrip-
tion as above given, Mount Nebo is an exception. It is set off to the west,
so that its eastern base is in line with the western base of the range farther
north, and appears to belong to the same line of fracture; the uplift in this
case being to the west of the line, giving a western dip to the strata.

If we imagine a continuous anticlinal, with Nebo as the only remain-
ing portion of the western balf, opposite which the eastern side has been
removed, it will give a correct idea of the relation which this mountain bears
to the rest of the range. That the missing portions of the anticlinal never ex-
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isted, there can be no question ; the deposition of the later beds on the eastern
base of Nebo being sufficient proof as regards that portion, and we are unable
to conceive of a force which should remove the western portion, referred to,
so completely, leaving the eastern side and Mount Nebo undisturbed.

To the west of Nebo, and running north for some distance, is another
ridge, with a parallel strike, which'dips to the east, making a synclinal fold
with Nebo; but the structure is quite complicated at this point, and time
did not permit to trace it out.

. A section of the range made at Rock Camion, near Provo (Fig. 95)

&
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Fi16. 95.—Section of Wahsatch range near Provo. 1, sandstone and limestone; 2a, shaly limestone;
2b, massive limestone ; 3, quartzite ; 4, chloritic schist.

represents an exposure of about 10,000 feet. Carboniferous fossils, Athyris
subtilita and Hemipronites, were found almost at the top of the series. The
conformable Triassic and Jurassic beds lie farther to the east, denudation
having completely removed them from the summit of the range. Our sec-

tion is—
1st. Seventeen hundred feet of sandstone, a large portion of it vitreous,
and 600 feet of massive and shaly limestone, arranged in alternate layers with
the sandstone, to the number of fifty, and containing A thyris subtilita, Productus
semareticulatus, Spiriferina, Hemipronites, Chaetetes, Discina, &c., 2,300 feet.
2d. a. Two thousand feet of limestone, all more or less shaly, with some
beds of calcareous shale. A mile or two north of where this section was
measured, a thin stratum of clay slate was seen containing cubical crystals of
iron pyrites. There is also a single layer of vitreous sandstone 10 feet thick.
b. Four thousand feet of massive limestone, in the main highly metamorphiec.
The changes in this division from shaly to massive, and from slightly meta-
morphic to highly metamorphic are so gradual that any separation of them
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must be arbitrary. The fossils found in No. 1 were seen continuing down

through this division until the rock became so much changed that
remains could not be recognized, 6,000 feet.

organic

3d. Hard, typical quartzite, pale flesh-color to nearly white, with a little

pale-green, 1,500 feet.
4th. Nonconformable pebbly chloritic schist, 250 feet.
Prof. Frank H. Bradley found similar rock associated
with the granite farther north, and could we have fol-
lowed our section a little deeper, we should doubtless
also have found granite.

4

Although no fossils were seen here or elsewhere on
this range below the Carboniferous, when this section is
“compared with those made of other ranges farther to the
west, as well as those made farther north on this same
range by other geologists, I have no hesitancy in referring
the heavy quartzite bed (No. 3) to the Lower Silurian,
and a portion of the metamorphic limestone above it
should probably be referred to the same Age, but how
much, I am unable to say, as at no point was a marked
change in the character of the rock noted. I was unable
to make a satisfactory section of the Triassic and Juras-
sic formations, but Fig. 96, as seen in passing up Spanish
Fork Caiion, may be considered as a fair continuation of
Fig. 95, (1,) the lower beds in this section corresponding
very closely to the upper beds in the first section. TIrom
Rock Canon to Spanish Fork the strata dip very much
to the south as well as to the east.

In passing up the cafion, above limestone containing
Carboniferous fossils, I found a lighter colored, very hard
siliceous limestone, some of which might, with more pro-
priety, be called sandstone, or even quartzite, in which no
fossils were seen, but from its position I am disposed to
constder it as belonging to the Trias. This formation is -
of great thickness, probably 4,000 or 5,000 feet.
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1. Yellow and cream-colored sandstone, with occasional bands of gray
conglomerate and sandstone, about4,000 feet.

2. Calcareous shale, light drab to slate-colored, 200 feet.

3. Red, cream, yellow, and buff cross-bedded sandstone with Penfa-
crinites asteriscus, 575 feet.

4. Red shaly sandstone, 500 to 1,000 feet. ‘

5. Lying conformably above and dipping to the east-southeast at the
same angle (25° to 30°) are sandstones more highly colored, (red, yellow,
and buff)) very vitreous at the bottorh, but becoming less so above, and con-
taining fragments of characteristic Jurassic Pentacrinus, 1,000 to 3,000 feet.

 While the upper portion of this division is undoubtedly Jurassic, the
lower portion is probably Triassic, but the section was not well enough
exposed to determine a line of separation. -

This completes the exposure of from 6,000 to 8,000 feet of strata that
must be classed as Jurassic. Lying nonconformably above, and jutting up
against the Jurassic, as shown in section 2, is, first—

d. A thin bed of red conglomerate, which to the eastward increases
rapidly in thickness to 2,000 feet, in a distance of three or four miles, and
then dipping eastward is lost below more recent beds. This conglomerate
is composed largely of quartzite, but limestone pebbles, in which Carbonif-
erous fossils are not infrequent, are very abundant in the upper portion.

I was unable to determine the age of this conglomerate, and have not
been able to discover its equivalent in other localities. Itis overlaid with—

a, b, and c. Limestone marls and calcareous shales of Tertiary Age,
which further up the mountain are in immediate contact with Jurassic and
Triassic (?) beds. To the south of Mount Nebo, and along the western base
of the ridge which separates Juab and Sam Pitch Valleys, the same being
a continuation of the Wahsatch uplift, there are overlaid with red conglom-
eratc—probably the same as the above—quite extensive beds of Jurassic
Age, composed mainly of greenish gypsiferous shales with occasional layers
of sandstone, which furnish Pentacrinites asteriscus, Comptonectes, Trigonia,
and other fossils. These same beds appear again near Manti, and skirt
along the western side of the valley nearly to Glencove.

In Salina Cafion, to the east, (above) the much distorted gypsiferous
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shales are 4,000 or 5,000 feet of strata, which doubtless correspond to Nos. 1
and 2 of Fig. 96, given above. Where these beds first make their appear-
ance from below the overlying, nearly horizontal strata, they dip 25° to
the east. Following westward down the cafion, we find them gradually
increasing in dip, coming even to the vertical before the gypsiferous beds
are reached. I was unable to trace a complete connection between the two
formations, although such a connection doubtless exists. About 1,000 feet
of the lower portion is gray and red freestone, with occasional beds of con-
glomerate toward the top, agreeing in this respect with No. 1, at Soldier’s
Fork, Fig. 96. The main mass above this is a yellowish, friable sandstone.

LAKE RANGE.

This range, just west of Utah Lake, is a low monoclinal ridge, the
strata dipping to the east about 8°, and is cémposed entirely of the charac-
teristic bluish-gray Carboniferous limestone. A few specimens of Productus
and Spirifer were the only fossils obtained, owing partly to the highly met-
amorphic character of the rock. Mr. H. Engelmann, geologist of Captain
Simpson’s party, found in the limestone of this range the spiral axis of an
Archimedes, together with some badly preserved Brachiopods. Messrs.
Meek and Engelmann, in speaking of this,* say: ‘“Asthe genus or subgenus
Archimedes has not yet, so far as we know, been found as high in the Car-
boniferous System as the Coal Measures, and there are apparently no decided
Coal Measure forms in the collection from this rock, we are inclined to
regard it as belonging to the Lower Carboniferous series.”

OQUIRRH RANGE.

The beds of this range are so much and so irregularly disturbed that I
am unable to speak with any confidence in regard to its structure.

Data collected from several points indicate the axis of an anticlinal,
with a strike north about 35° west, passing near Ophir and Lewistown;
and another, nearly parallel, passing through Middle Caiion, and coming
out not far from Cedar Fort; and that in a general way the northern end of
the range is a continuation of the eastern side of this latter anticlinal.

The Carboniferous limestone is largely developed, and furnished fossils

*Proc. of the Acad. of Nat. Sci. of Phila., April, 1860, page, 127.
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at the norih end, near Great Salt Lake, Tooele, Ophir, Lewistown, and along
the road leading from Fairfield to Rush Valley. In the lower part of the
limestone at Ophir, not more than 300 or 400 feet below beds containing
Euomphalus, Conocardium, Hemipronites, Phillipsia, Athyris subtilita, and
other fossils, recognized by Mr. Meek as a Carboniferous fauna, were found
some Primordial types, including Dikellocephalus. Mr. J. E. Clayton found
below this limestone an exposure of partly calcareous and partly siliceous
and micaceous shale, containing several species of trilobites and Discina,
specimens of which he very kindly furnished. The Carboniferous and
Lower Silurian fossils are found so near together, that I am led to believe
that the two formations are in contact at this locality. All our evidence
from other localities indicates that this relation is common to the whole
region, and renders it improbable that the Devonian or Upper Silurian will
be found in Southwestern Utah. To the west of this are some localities,
discovered by Mr. H. Engelmann, and the survey of the Fortieth Parallel
under Mr. Clarence King, which are pronounced Devonian by Mr. Meek,*
and Professor Sanborne Turney has discovered two species of Zaphrentis,
and one of Syringopora in the Wahsatch range, between Little and Big
Cottonwood, which Mr. R. P. Whitfield refers to the horizon of the Upper
Helderberg. That the limestone of this range corresponds in general to
that of the Lake range, I think there can be no doubt, and not only are the
Devonian and Upper Silurian formations wanting, but the Lower Carbon-
iferous, as indicated by the Archimedes before mentioned, must be restricted
to very narrow limits, unless we include in that division the beds (or at
least the lower portion of them) which contain Euomphalus, Phillipsia, &c.,
a point that may be left to the paleontologist to decide.

ONAQUI AND STANSBURY RANGES.

Passing westward, the Onaqui range is found to be a monoclinal ridge,
with the usual north and south trend, the strata dip to the west at an
angle varying from 25° to 70°. Perhaps in this case the term “faulted
anticlinal” might be used with more exactness, as there are a few hundred
feet of very much disturbed limestone, but with a general dip to the east

* American Journal, 1873, page 139.



MOUNTAIN RANGES. ‘ 239

along its eastern base, which doubtless corresponds to the limestone that is
seen on the western slope of the range, overlying the heavy bed of quarta-
ite, which makes up the main mass of the mountain.
The eastern base of the range marks the line of a fault,
and the force which lifted the range to its present po-
sition tilted the beds east of the line of fracture to some
extent, giving us a section like the following, (Fig. 97).
This lava can be seen stretching along the base of
the range for a long distance. There appears also to
have been a slight flow along the line of fracture be-
tween the quartzite and limestone, and it is not improb-
able that the mass along the base of the limestone came
from this source. This range was crossed over a pass
four or five miles south of Grantville, where there is a
small cross-fault, with the downthrow to the south.
These cross-faults are of common occurrence in the
ranges of the Basin Range System, and frequently de-
termine the position of mountain passes and cafions.
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' CEDAR MOUNTAINS.

From Beckwith’s Spring north, as far as seen,
Cedar range is a monoclinal ridge, with a dip to the
west. At Beckwith’s Spring, and southward for a
short distance, it is an anticlinal, the western half being
a continuation of the monoclinal, which changes its
trend at this point from north and south to northeast by
southwest. The completion here of the anticlinal ex-
pands the range to the east, and there appears to be an-
other anticlinal to the southeast en échelon, but the whole
soon flattens down into low hills. On the western side
of the range were seen yellow sandstone and dark lime-
stone, slightly bituminous, and somewhat shaly, containing Carboniferous
fossils, Fusulina cylindrica, Productus, and Rhynchonella. 'The same forms
were found on the eastern side, where the limestone is highly metamorphiec.
The relations of the sedimentary beds are very much masked here by tra-
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chyte. There are also one or two slight outbursts of basalt. A milé or two
west of this range is a ridge, exposing 2,000 feet or more of yellowish-brown
siliceous limestone, dipping to the northeast 25° or 30°. This limestone so
closely resembles the beds referred to the Trias in the Wahsatch, that, in the
absence of fossils, I am inclined to regard it as belonging to that formation.

GRANITE ROCK.

Granite Rock rises abruptly from the plain, and stands as an island in
the desert, as it once stood an island in Lake Bonneville,* the old beach-
lines of which are plainly seen surrounding it. The whole island is granite,
save a little dark-colored rock along its western base, which appeared, although
seen only from a distance, to be limestone. It is difficult to make out any
bedding to the granite, yet all the evidence points to a north and south trend,
with a high angle of dip (60° or 70°) to the west. The western side of the
mountain is of a darker granite, and weathers more slowly than the eastern.
Veins are abundant everywhere, but those crossing the darker granite are
more numerous and larger, tl.ley intersect the rock in all directions, and are
of all sizes, yet the most of them are confined to two systems. The first,
which comprises a majority of all the veins, trends northeast by southwest,
and dips northwest, conforming very nearly to the apparent bedding. The
veins of the second system cross these at right angles, and, in general,
appear to have been later formed. So far as I observed them, they consisted
almost entirely of feldspar; some veins were five or six inches wide, with
from one to two inches on either side coarsely crystalline, the center being
formed of apparently the same material in a much finer state. The granite
contains orthoclase in considerable excess, and much of it occurs in large
crystals.

, SNAKE RANGE.
Gosi-ute and Kern Mountains are included under this head, as they

belong to the same line of uplift, and are in fact all parts of the same range.
Structurally the range is in part anticlinal and in part monoclinal. At

*The old lake, which once covered so large a portion of Utah, and of which Great Salt Lake is the
modern representative, has been described by Mr. Gilbert, in a previous chapter, under tlie name of Lake
Bonneville.
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Uiyabi Pass and northward, for some distance, the range is anticlinal, but
from there southward to Pleasant Valley it is a monoclinal, dipping to the
west. At Pleasant Valley the structure again changes, and Kern Mount-
ains are anticlinal or quaquaversal. Thence southward to Sacramento Pass
the range is monoclinal again, with the dip as before to the west. From the
pass southward the rocks form an anticlinal fold, the axis of which rises to
Wheeler’s Peak, and then falls again, producing an elongated quaquaversal.
A short distance south of the peak the western half of
the anticlinal disappears, leaving the ridge a monoclinal,
with its bluff face to the west. Thus it will be seen we
have a series of anticlinals and monoclinals, following
each other in quick succession. There is also in some
places alocal mingling of these and other systems, which
it is not deemed advisable to note in a general descrip-
tion like the present. Patches of rock, sometimes of con-
siderable extent, with a reverse dip, were seen along the
bluff bases of the monoclinals, but they are small in
amount and exceptional in character. The nucleus of
the range is granite, which is exposed at many places,
overlaid with quartzite, shale, and limestone. South of
Wheeler’s Peak there is an exposure of 4,000 or 5,000
feet of limestone of the usual bluish-gray color. Immedi-
ately under this comes quartzite, with thickness unknown,
but probably not less than 1,000 feet. This forms the
summit and slopes of the peak, but the deep cafions from
the same penetrate the granite, as is-shown by the bowl-
ders brought down in the wash. ,

Four to six miles north of the peak is a high pass—
a depression in the profile of the mountain due to a cross-
fault, with the downthrow to the south. Fig. 98 shows
the structure at this point, the line of section being length-
wise of the range, and east of the axis of the anticlinal,
so that the beds represented have an easterly as well as
a westerly dip. This fault brings the granite well into : ,‘{,'i'! /

view, and exhibits its relation to the overlying quartzite and limestone.
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From Sacramento Pass northward to the Kern Mountains the bluff east-
ern side of the range presents limestone with fissile micaceous quartzite at
the base. The whole central portion of Kern Mountains is granite, and is
flanked on all sides with quartzite, shale, and limestone, which dip outward
at a high angle.

From Pleasant Valley to Uiyabi Pass the base of the range is granite,
overlaid and flanked on the west with quartzite and limestone, except at the
head of Deep Creek, and northward for a few miles, where the limestone
and quartzite have been worn away, leaving the bare granite. At Uiyabi
Pass there are from 200 to 400 feet only of quartzite between the granite
and limestone, which shows it much thinner than at Wheeler’s Peak, and the
little evidence collected indicates a gradual thinning of the quartzite on this
range, from south to north. All of the limestone exposed doubtless belongs
to the same bed. 'The order of superposition is always the same—limestone,
frequently a little shale, quartzite, and granite. At Uiyabi Pass I estimated
the thickness of limestone at 3,000 to 5,000 feet. At Pleasant Valley the
same, while south of Wheeler’s Peak, the exposure is apparently still greater.
The prevailing color is bluish-gray. It is everywhere more or less changed,
and much of it is very highly metamorphic. Only a few fossils were found,
but all indicate Carboniferous Age, and at Uiyabi Pass I'usulina cylindrica
was among the number.

SCHELL CREEXK RANGE.

From Patterson, which is at the southern terminus of the. range, north-
ward for twenty-five or thirty miles, the rocks, as I saw them, appeared to
dip toward the east at a high angle, while farther to the north they pre-
sented a bluff face, showing a westerly dip. At Patterson a heavy bed of
quartzite is exposed, dipping east-southeast about 45°. A few miles farther
north, this is covered with conformable bluish-gray limestone; limestone
was also seen to the west of the quartzite at Patterson, apparently forming
with it a faulted anticlinal. Ten or fifteen miles north there is a low lime-
stone splir sent out from the range, which extends across to Fortification
range, and separates Spring and Duck Valleys. In crossing this ridge,
which I have considered as a spur of the Schell Creek range, I found a few
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crinoid stems in the hard limestone. The rocks of the range were touched
at no other point, and the fossils found are not sufficient to determine their
age, but as this limestone agrees lithologically with that of the Snake range
to the east, and Highland range to the south, and is underlaid with a similar
bed of quartzite, I think it should be classed with them as Carboniferous.

HIGHLAND RANGE.

Directly south of Schell Creek range, and apparently along the same
line of uplift, comes Highland range, which continues south past Pioche,
the mines of Ely district being in a spur which runs out southeast from this
range. At the north end the dip is south at an angle of 8°, and 1,500
or 2,000 feet of limestone are exposed. Following southward three or four
miles we come to a pass, caused apparently by a cross-fault, beyond which
the dip is 10° or 12° to the southwest. The total exposure here is 2,000
feet, consisting almost entirely of limestone containing well marked Car-
boniferous fossils—Athyris subtilita, Spirifer cameratus, Spirifer, Spiriferina,
Productus semireticulatus, P. punctatus, Hemipronites, Retzia, and others.
Below the limestone at this point, and apparently interbedded with it at the
base, are some thin beds of quartzite. A few miles farther south is another
depression in the range, and trachyte comes on the scene, masking all strat-
igraphical characters. Still farther south, at Bristol district, the general dip
is 10° to 12° north-northeast, just the opposite of that observed twenty
miles farther north, and quartzite was seen along the western base, the
whole upper-portion being highly metamorphic limestone.

At Pioche the spur of the range has a southeast by northwest trend,
and in structure is a faulted anticlinal, to the peculiarities of which attention
will be called in the fourth section of this chapter. There is here 400 feet
of highly metamorphic limestone of the bluish-gray color, in which no fos-
sils were found ; but in the absence of proof to.the contrary, I am disposed
to consider it as of Carboniferous Age, and as belonging to the same bed
which yielded fossils farther north. Immediately below the limestone -
comes about 400 feet of reddish cream-colored calcareous and siliceous
shale, the lower portion being siliceous and also micaceous. This shale in
places yields Lower Silurian fossils in abundance. Below this is quartzite
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to an unknown depth. This quartzite, as well as that seen farther north
and on Snake range, corresponds, I believe, with that of the Onaqui and
Wahsatch ranges. And I consider in like manner all the exposures of lime-
stone as parts of one bed, once continuous from the Wahsatch to Nevada. -
Glancing once more over the field to see how the facts will bear out

this conclusion, there is everywhere the same sequence of limestone,
shale, quartzite, and granite, with the lithological characters similar through-
out. I find, first, a heavy bed of bluish-gray limestone of Carboniferous
Age universal. On the Wahsatch this is overlaid with Triassic and Jurassic
beds, but in the other ranges where it occurs it is the topmost rock. This
bed has been identified by its fossils on the Wahsatch, Lake, and Oquirrh
ranges, at numerous localities—Cedar Mountains, Snake range, at Uiyabi
‘Pass and Pleasant Valley, and at Zion Mountain on the Highland range
No fossils were found at Bristol district or Pioche, and only a few crinoid
stems where the spur of the Schell Creek range was crossed, but the absence
of fossils at these localities, or rather failure to find them in the very limited

~ search made, is due no doubt in the main to the highly metamorphic charac-
ter of the rock. Underlying this limestone is an equally universal bed of
quartzite. At Uiyabi Pass this bed is only from 200 to 400 feet thick, but
at no other locality have I seen it so thin. Usually it is not less than 1,000
or 1,200 feet, and frequently much more. Between this bed and the over-
lying limestone there is generally to be seen a thin layer or bed of arena-
ceous or calcareous shale, varying in thickness from a few feet to 400 feet
at Pioche. Where this shale has been examined it is separated from the
limestone by a more definite line than from the quartzite; still, occasional
thin layers of limestone are seen interbedded with it near the top, but there
is a much greater interbedding with the quartzite-at the bottom of the shale.
Mr. Watson, superintendent of the Newark shaft at Pioche, told me that in
sinking through the lower shale he met five or six layers of quartzite, one
of them being ‘11 feet in thickness with 137 feet of shale below it, and I
learned from Mr. W. H. Clark, assistant superintendent of the Raymond
and Ely mine, that in sinking the Lightner shaft he passed through 100 feet
of shale before coming to the solid quartzite, but that in this one hundred
there were fifteen or twenty layers of quartzite from 2 to 8 inches in thick-
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ness. I was also told that a stratum of shale 12 feet thick was met with in
the Washington and Creole mine below 500 feet of quartzite.

Besides this alternation, of which more examples might be given, there
is also a gradation of one into the other, showing that the shale is not an
essential feature, and may be represented by quartzite, or even in part by
limestone, in some localities.

Some of the more calcareous portions of this shale at Pioche furnished
Primoridial fossils in great abundance.

Similar fossils, several species of which are identical, were found by
Mr. Clayton in the shale below the limestone at Ophir, Oquirrh range.
Mr. Gilbert also found Lower Silurian fossils in a dark shale on the House
range, but in this case with a very considerable thickness (much greater
than seen elsewhere) of limestone and calcareous shales below theém.
Wherever erosion or upheaval reveals the base of the quartzite, itis seen to
rest upon granite.

I would also call attention to a few facts outside of this field, which
confirm the position here taken, and show that the same generalization may
be carried over a still larger area. Mr. S.T. Emmons gives a section of the
Toyabe range and another of the Toquima range near Belmont, in each of
which we find the same order of sequence—limestone, shale, quartzite, and
~ granite. Mr. Emmons discovered Fusulina cylindrica in the limestone of the
Toyabe range, and in 1871 Mr. Gilbert found graptolites of Lower Silurian
type in the shale at Belmont. Thus we have not only the same lithological
sequence which we find at Pioche and eastward, but the same geological
horizons also. Prof. Frank H. Bradley gives some sections of the Wah-
satch at Ogden and Little Cottonwood, which are also interesting to com-
pare with our sections farther south and southwest.* On page 194 I find a
section near Ogden with, 1st, 3,000 feet of limestone, “plainly of Carbo-
niferous Age;” 2d, below this, from 2,000 feet to 2,500 feet of quartzite;
3d, nearly 2,000 feet of limestone; 4th, “something over 1,000 feet of gray
calcareous shales;” 5th, 1,500 feet of quartzite which rests non-conformably
on metamorphic rocks, which are “mostly hornblendic gneiss with some gran-

*See report of Frank H. Bradley, geologist of the Snake River division, in Sixth Annual Report of
U. 8. Geol. Surv. Territories, Washington, 1873.
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ites, and occasionally chloritic and talc-mica schists. Professor Bradley found
fossils in the upper limestone, whigh are, he says, “plainly of Carboniferous
Age,” and that in the lower quartzite bed are ‘“ indistinet fucoidal markings,
resembling in general appearance the Arthrophycus Harlani of the Medina
sandstone, but plainly not identical with it.” (Fucoidal markings answer-
ing to this description were seen in the siliceous shales at Pioche.) Professor
Bradley refers this quartzite, the shale, and the lower bed of limestone to
the Silurian Age, leaving the upper quartzite bed only undisposed of.

On page 197 he tells us that at Little Cottonwood, about fifty miles far-
ther south, he found, as at Ogden, a heavy mass of quartsite resting uncon-
formably upon the granite; above this “lies a series of limestones, the lower
part rather thin bedded, the upper part in heavier layers” This upper
limestone he refers to the Carboniferous Age, and the lower to the Silurian,
and considers it analogous to the lower limestone at Ogden. Thus the
quartzite which separates the Silurian and Carboniferous limestones at Ogden
is found disappearing southward, and the Silurian limestone, shale, and
quartzite represented by a thin-bedded limestone and quartzite, which shows
a rapid approximation to the sections farther south and west.

Some data have been collected from a number of ranges in Southern
Utah which indicate that they have in general the same geological and litho-
logical sequence and character, but the nature of the data is too fragmentary
to be of much value in any attempt at generalization.

I have already mentioned the occurrence of Jurassic and Triassic beds
near the south end of Mineral range, overlying cherty-gray limestone of
Upper Carboniferous or Permian Age. This range, as seen to the north,
has a granite nucleus, but the volcanic rock which forms the eastern and
highest ridge at this point overlies everything to the south, and is followed
to the southwest by low hills of the same material, which form the eastern
boundary of Escalante Valley. The southern continuation of the Picacho
Mountains, west of Hot Springs, gives an exposure of 4,000 to 6,000 feet
of quartzite and sandstone, the upper 600 or 800 feet being quite fri-
able. This is overlaid with about 2,500 feet of bluish-gray limestone, the
whole dipping to the south at an angle of fifteen or twenty degrees. Over-
lying the limestone again is volecanic rock, and in passing along the south-
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ern ends of Hawahwah and Needle ranges to Desert Spring, and from Des-
ert Spring northwest to Pioche, the same immense beds of lava are the only
rock seen until the latter place is reached. Southward from Desert Spring
to the Bull Valley Mountains the same thing occurs on every hand, and no
sedimentary beds aré seen until the Virgin range is reached. This range
has nearly a north and south trend. Mr. A. R. Mar-
vine crossed it near the northern end in 1871, and
found it a moniclinal at that point, dipping to the east.
The western base is forméd of crystalline rocks,
flanked on the east by heavy beds of quartzite and
vitreous sandstone, and these in turn are overlaid
with limestone of Carboniferous Age. In -crossing
the range near where the Virgin River cuts through
it, I found it anticlinal, and the same structure could
be seen continuing southward for many miles. I did
not get below the Carboniferous limestone at this
point, but a few miles to the north gneiss and sand-
stone were seen outcropping along the western base.
Fig. 99 represents a section from this range to the
Pine Mountains, about twenty miles distant, which
gives an exposure of from 12,000 to 15,000 feet, reach-
ing from" the Archaean up to the Tertiary. Capping
Pine Mountain appears—

No. 1. Trachyte, 1,700 feet. .

No. 2. Red, mixed with some white and yellow, con-
cretionary limestone—Tertiary—300 feet.

No. 3. Yellow, red,and white, mostly friable sandstone—
Cretaceous—3,000 to0 4,000 feet. This part of the section was
not examined, and it is probable that a portion of No. 3 is

Tertiary.
No. 4. Yellow massive sandstone—Jurassic (?)—500feet.
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No. 7 Buff cross-bedded massive sandstone—Trias—1,200 feet.
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No. 8. Red cross-bedded massive sandstone—Trias—2,000 feet.

No. 9. Red shaly sandstone—Trias—400 feet.

No. 10. Purple and red gypsifer(')us shales—Trias—150 feet.

No. 11. Yellow conglowmerate, with silicified wood, very abundant, (Shinarump
conglomerate,)—Trias—100 feet. '

No. 12. Chocolate-colored shales—Trias—300 feet.

No. 13. Slate-colored shales—Trias—500 feet.

No. 14. Mostly red, with some buff shales—Carboniferous #—=800 feet.

No. 15. Same as 14, with occasional thin beds of limestone—Carboniferous —550
feet,. )

No. 16. Yellow, cross-bedded sandstone—Carboniferous—200 feet.

No. 17. Limestone, dirty-yellow above and pale-red below—Carboniferous—2,000
feet.

No. 18. Quartzite and sandstone.
No. 19. Gneiss.
a and b. Basalt.

The Iron Mountains are a very irregular low range, formed almost

entirely of volcanic material. From Iron City a ridge runs north to Ante- -

lope Spring, which shows sedimentary beds below its capping of trachyte.
At the Silver Bell mining-district quartzite and sandstone were seen,’but no
evidence was collected which throws any light upon their age.

SECTION II

VALLEYS: THEIR RELATION TO GEOLOGICAL STRUCTURES.—LAKES:
ANCIENT AND MODERN.—RIVERS: WATER SUPPLY.-

The Basin Range System as seen in Southwestern Utah and Eastern
Nevada has already been described as divided by mountain ranges into
broad, arid plains or valleys, which conform to the lines of uplift, and have
a north and south trend. Many of these valleys are inclosed basins, or are
divided into a series of small basins separated from each other, sometimes
by lava floods or other rocky ledges, but frequently by simple bars of
detritus, through which a stream could easily cut a channel, if such a stream
existed to perform the work; but the annual rain-fall is so light that these
basins are, with few exceptions, left dry the greater part of the year. - In
some of these the water collects to a considerable depth during the rainy
season, and in some cases the supply is sufficient to form permanent lakes
or marshes, which are, as a matter of course, salt. The only exceptions that
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I am aware of are Stockton Lake, and-a lake or marsh near Fairfield, Cedar

Valley. The first of these, it is known, did not exist ten or fifteen years
ago, and the second is nearly dry now a part of the season, and its exist-
ence as a permanent marsh is doubtless of recent origin.

These valleys are filled to a great and unknown depth with the débris
from the surrounding mountains in the form of gravels, sands, and marls,
and their history shows, first, a long period of subaérial denudation, suc-
ceeded by a lake period, when these valleys were covered with water to a
depth of several hundred feet, distributing and sorting to a considerable
extent the accumulated material, leaving beds of sand and marl inclosing
the records of fluvial and lacustrial life. This period was followed by the
present, in which the lakes have mostly disappeared, leaving the arid plains
before mentioned. The largest of these, called the Great Salt Lake Desert,
has an altitude varying but little from that of Great Salt Lake, and stretches
from Granite Rock, which has previously been described as an island in the
desert, far northward beyond the region of this survey, and sending out its -
‘arms to the south, one of which, Snake Valley, reaches below the Thirty-
ninth Parallel. Between Granite Rock and the Gosi-ute Mountains the
desert for eighteen miles is almost a_perfect level, with not a spear of vege-
tation of any kind to be seen, but, instead, a thin flm or white incrustation
of common salt, giving an appearance similar to that of a light fall of snow
on a frozen pond. The smaller valleys of this region are not quite so bar-
ren, but over the greater portion of their surfaces little is seen excepting the
inevitable sage-brush. )

The whole western portion of this section is of very little value for
agricultural purposes. Stock-raising can be and is carried on to some ex-
tent, the springs and small mountain streams, which sink as soon as they
reach the loose gravelly deposits of the plains, furnishing water enough for
that purpose, and the mountains themselves are usually well stocked with
nutritive grasses.

A strip along the eastern border of the system, thirty to fifty miles in
width, includes a series of valleys such as the Jordan, Utah, Juab, Cedar,
Tooele, Rush, and others farther to the south, which are much better sup-
plied with water than those to the west of them. Considerable portions of
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these are already under successful cultivation, and still larger portions are
capable of being worked with profit. As examples, might be mentioned the
old benches or deltas at the mouth of the Provo and Spanish Fork Cafions,
containing in the aggregate not less than thirty thousand acres, all of which
it is believed may be successfully irrigated by these streams.

During the lake period referred to, the major part of this whole area
was covered by one immense sheet of fresh water, which rose to a height
nearly 1,000 feet above the present level of Great Salt Lake, leaving many
of its old beach-lines so plainly marked that they attract the attention of
even the most common observer. This lake has been so fully described by
Mr. Gilbert in another chapter under the name of Lake Bonneville, its ex-
tent marked out, and prominent beach-lines noted, and the evidence in
regard to its history so thoroughly treated, that it hardly seems desirable
to say anything further; yet a few additional notes in regard to some of
the localities not visited by him may not be amiss.

Among the many beach lines that can be traced in favorable localities,
two are so much more prominent than all others that they are scarce ever
lost sight of, and have been deemed by him worthy of individual names.
To the first, which is the highest of the whole series, he has given the name
of Bonneville Beach, the same name as that attached to the lake which
formed it, and to the other, 300 feet lower, Provo Beach, from its unusual
development at the mouth of Provo Cafion. When the old lake stood at
this level, the detritus brought down by Provo River formed a delta, cover-
ing at least twenty thousand acres. Another delta was formed at this time
at the mouth of Spanish Fork Cafion, in the same valley, which covered an
area of eight or ten thousand acres. The streams which formed these
deltas have a rapid fall, and reach far back in the soft rocks of the Plateau
System, which accounts for the large amount of detritus carried by them.
They lowered their beds with the lowering of the lake, and have cut chan-
nels through these deltas, leaving them as elevated benches.

. In Escalante Valley, which was the most southerly arm of this lake,
the upper or Bonneville beach was traced to latitude 37° 45', being only
fifteen or twenty miles from the southern boundary of Utah. This bay
was shallow, and left very indistinct beach-lines, which can only be traced
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in the most favorable localities. A broad arroyo at the southern extremity,
near Desert Spring, suggested the possibility of an outlet in that direction
to the Colorado. As this is the only point at which a southern outlet was
possible, it is to be regretted that it could not have been relieved of all
doubt; but it was. impossible to make the desired examination. Informa-
tion, however, which was obtained from different sources, and deemed trust-
worthy, confirmed my own suspicion that the head of this arroyo was in
- the Bull Valley Mountains, and was formed by water flowing into the val-
ley, rather than out, and that there is a well marked divide between this
and the drainage to the Colorado. Accepting this, it becomes necessary to
look to the north for the outlet to the ancient lake, and one has been dis-
covered, by Professor Marsh and Professor Ward, draining into the Snake
River. Professor Bradley also reports three or four possible points of out-
let in the same direction.

In the southern end of Smake Valley, where the water was shallow,
the ancient beach-lines are also indistinctly seen, but farther to the north,
where the bay was deeper and broader, they are preserved with wonderful
clearness, and not only the more prominent beaches, but, in favorable local-
ities, fifteen or twenty others can be distinctly traced. At Granite Rock,
and on the north end of the Oquirrh range, the prominent beach-lines are
marked by extensive deposits of calcareous tufa, which, like the marls in
other localities, contain several modern species of fresh-water shells. The
line of tufa marking the Provo beach at Granite Rock is 2 to 3 feet in
thickness, and 20 or 30 feet in breadth, lying on the slope of the rock.
The curious phenomenon of this granite island, surrounded by bands of cal-
careous tufa, is one not easily explained.

It has already been mentioned that Spanish Fork and Provo rivers.
drain portions of the Colorado Plateau System, and flow westward through the
Wahsatch range, emptying their waters into the Great Basin. The inter-
esting question may be asked, why did not these streams flow southeast
into the Colorado, rather than force their way through a lofty barrier like
the Wahsatch? That their courses through the range are along lines of
weakness, is undoubtedly true; Provo River makes the axis of a synclinal,
and at Spanish Fork there is probably a fault, and in a much disturbed
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region like that of the basin ranges it will be generally found that the larger
cafions are formed along the axis of anticlinals or synclinals, or lines of
fracture. But this only illustrates the tendency of eroding water to attack
the weakest points, and while it serves to explain the selection of these par-
ticular lines for crossing, it leaves untouched the question why the streams
crossed the range at all, instead of escaping to the eastward over the lower
barriers, which in that direction limit their basins. The most plausible
answer to this question is, that the cafions through the range existed pre-
vious to the establishment of the present drainage, and this assumption shifts
the inquiry to the manner of their formation. When the Cretaceous and
Tertiary seas covered the present Plateau region, the Great Basin, as it is
now called, was the continent which furnished the material for the heavy
beds of rock which were then deposited, and we believe the formation of
Provo and Spanish Fork cafions was begun by streams which carried the
débris from this ancient continent down to these ancient seas. When the
sea-bottom was lifted slowly to form the present plateau, overlooking the
area from which it had derived its sediments, the channels of those former
streams served as convenient gate-ways for drainage in the opposite direc-
tion.* o

The Tertiary and Cretaceous conglomerates, made up of quartzite and
limestone, point with sufficient clearness to the Great Basin as their source.
I have already spoken of limestone bowlders in the conglomerate on Sol-
dier’s Fork, containing Carboniferous fossils identical with those found on
the Wahsatch and elsewhere. And the fact that this bed of conglomerate,
which has a thickness here of 2,000 feet, is not recognized, and apparently
has no representative, farther to the east and southeast, would argue that it
was formed at the mouth of a rapid stream, and was similar in character to
the old deltas before referred to in the Utah Valley. Whether the conglom-
erate of Echo Canion is likewise a local phenomenon, and had a similar
origin, I cannot say.

When the first cafions were carved thiough this range it was not the
lofty ridge that it is now, for the uplift of the plateau has been accompanied, at
least to a great extent, by the elevation of the range—the line between the

*All these remarks apply with equal force to Weber River, and probably to Bear River also.
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comparatively stationary Basin Range System and the upraised plateau being
along its western base. This will help to explain its great elevation above
the neighboring ranges of the same system. Had it been lifted above its
companions at the main folding of the Range System, greater denudation
would have been the necessary result; whereas the contrary seems to have
been the case, more recent beds being found upon its summit than in the
ranges to the west. The position of the Tertiary and Cretaceous beds on
the eastern flank, as represented in Fig. 96, shows that the two have moved
together. South of Nebo, the Tertiary and Cretaceous beds, which covered
the old line of uplift, have been severed by the more recent movement and
carried up, exposing a bluff face to the west. A few miles to the east of the
Wahsatch is another line of uplift, and along these two lines have been the
main movements which have reversed the positions of the two systems ;
placing the plateau above the plains of the Basin Range System.

<

SECTION III

VOLCANIC PHENOMENA.—LITHOLOGICAL CHARACTER AND DISTRIBU-
TION OF VOLCANIC ROCKS AND MODE OF OCCURRENCE.—THERMAL
SPRINGS.

It is not deemed practicable to attempt the separation of trachyte and
rhyolite, owing to the impossibility of limiting the area occupied by each,
and the difficulty, frequently encountered, of distinguishing one from the
other, and in giving the distribution of volcanic rocks only two divisions
will be made. First, basalt; second, trachyte and rhyolite. No volcanic
rock older than trachyte was met with, except in a few doubtful cases.

‘1st. Basalt—This rock is not very abundant, and occurs mostly in the
form of massive eruptions; craters being seldom seen until we enter the
borders of the Plateau System, when they become quite frequent. It gen-
erally occurs in connection with trachyte and rhyolite, but is seldom, as
remarked by Baron Richtofen, seen overlying them, yet that it is more recent
in age there can be no question. Great erosion has occurred in many places
after the trachytic and rhyolitic flows and before those of basalt. This, as
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I shall have occasion to note in another chapter, is notably the case in the
Plateau region, where also are found numerous instances of faulting and
folding having occurred between the deposition of the two rocks.

At the south end of the lake range a thin sheet of basalt covers some
of the low foot-hills. It is very limited in extent, and appears to be entirely
independent of any older lavas. It also occurs in connection with trachyte
along the eastern base of the Onaqui range, and to the west of Cedar Mount-
ains a small jet was seen in the center of a mass only a few rods in extent,
and evidently of very recent age. No basalt is seen farther west until near
the southern boundary of Utah. On the west side of Escalante’s Valley,
four or five miles north of Desert Spring, a small area is covered with this
rock, while the higher hills and range beyond are composed of, or covered
with, rhyolite and trachyte. Another similar area is seen a few miles north
of Sulphur Spring.

Near Adamsville, along the east base of Mineral range, it forms a ridge
of considerable height for a short distance, rising above, and overlapping,
rhyolite, which is exposed to the west of it. It is, however, developed on
a much larger scale to the north of the range, where a large area, visited by

- Mr. Gilbert, is covered with a sheet of basaltic lava, and numerous craters
have been formed. It is also seen at a few places farther south, but not
until the neighborhood of Pine Mountains is reached are any developments
worthy of note met with. These mountains, which owe their existence to
a heavy bed of trachyte that protected them while the surrounding country
was denuded away, are flanked on the west, south, and east, by a belt of
basaltic craters, the latest of which are perfect in form, although made up
of loose scoriaceous materials, and are as yet uncovered with vegetation.
One of the most recent is in Diamond Valley, just south of the mountains.
It is a perfect cinder cone, 300 or 400 feet in height, and about 400 feet in
diameter at the top, with a regularly formed crater, 75 feet to 100 feet
deep. A few small streams of lava have issued from the same vent, but
none have extended more than a quarter of a mile. The valley of the
Santa Clara has been flooded with basaltic lava for eight or ten miles below
Pine Valley settlement, filling up the channel of the river, which has carved
for itself a new course, partly by the side of the lava stream, and partly
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cafioning through it. Farther down the Santa Clara another stream of lava
has flowed from the southern end of Diamond Valley, nearly to Saint George.
Over the vent from which this issued another fine cinder cone has been
formed.

Trachyte and rhyolite—Trachyte is seen in connection with basalt
along the eastern base of the Onaqui range, and just south of Beckwith’s
Spring, on the Cedar range, it is piled up into some quite prominent peaks.
Its limits north and south were not determined, but its greatest development
is near the divide southwest of the spring. On the western side of Snake
range, at the head of Pleasant Valley, this rock makes its appearance again
in considerable force. It was not observed at any point farther north on
the range, but it spreads out southward, and a low ridge, running westward
to the next range, is apparently formed of the same material. North of this
the valley of Deep Creek has been flooded from the west with a light-col-
ored loose textured rhyolite.

Fortification range was not visited, but is composed in the main, if not
entirely, of trachyte or rhyolite. On the Highland range, from Pony Spring
southward nearly to Fifteen-Mile station, the range is low, and trachyte was
the only rock seen.

In going from Pioche across to Desert Spring, the only rocks met with
are trachyte and rhyolite. - _

At Rose Valley and westward for a few miles are numerous light-col-
ored water rhyolites, of open texture, nicely stratified, and alternating with
darker and more compact varieties. East of this, to Desert Spring, the whole
mass is trachyte. From this point northward, along the southern ends of
Needle and Hawahwah ranges to the Picacho Mountains, rhyolite, with the
exception of the basalt before noted, was the only rock observed.

As far as seen, Bull Valley Mountains are composed entirely of trachyte
and rhyolite, with one exception. In adeep cafion near the head of Beaver-
Dam Creek, a dark green, compact, porphyritic rock was seen, overlaid with
trachyte and rhyolite, crystals of green fibrous hornblende and feldspar,
probably oligoclase, are imbedded in a greenish-gray matrix, composed
apparently of the same minerals. Pyrite is also present in considerable
quantities, together with fine particles of a dark mineral, which is probably
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magnetic or titanic iron. Its resemblance to prophylite, as described by
Baron Richtofen, together with its undoubted basal position, appear to jus-
tify the belief that it is a true prophylite.

These mountains have the appearance of a vast irregular mass rather
than a mountain range, and a careful study would probably reveal a series
of eruptions, reacling from the early prophylite period to the later rhyo-
lite. On the trip from Beaver-Dam Creek to Hebron, compact varieties of
trachyte were seen, but just before reaching that town some light-colored
water rhyolites were observed, which extend eastward in the direction of
Mountain Meadow; but northward to Iron City nearly everything is trachyte
again. At this point it is joined by the belt capping Pine Valley Mount-
ains, and continues northward, capping Iron and Antelope Mountains, to
Minersville. North of Beaver River a sheet of rhyolite is seen partly
covered with basalt, but the greatest development of rhyolite is seen at
Baldy Peak, near Beaver, where the whole mountain, as well as the range
north and south for some miles, is entirely made up of, or covered with, this
rock ; near the summit, cafions 2,000 feet deep failed to reveal any other
material, but trachyte was observed in great abundance fifteen or twenty
miles farther south on the same range.

THERMAL SPRINGS.

The most inéeresting group of thermal springs seen on the trip is
located near the town of Midway, on Provo River. A large area, a mile or
two in extent, is covered to a depth of several feet with a deposit of calca-
reous tufa. Springs are frequent over this whole area, and the majority
have built for themselves quite- extensive craters of the same material.
Time permitted us to visit but few of these, the largest of which, and prob-
ably the largest of the whole group, has a crater 65 feet high, and from 150
to 200 feet broad at its base. "Copious streams of water, having a tempera-
ture of 108° I, were flowing over the sides in several places, and it may be
remarked, in passing, that, as far as observation extended, the temperature
of the water from the different springs was in proportion to the amount
escaping. Some springs were seen in which the water did not come up to
the top of the crater, and no outlets were visible; but the warmth of the
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water, and the slowly escaping gas showed that circulation was still going
on. Still other craters were observed entirely dry, the streams that formed
them having found some other exit. The interiors of these were cone-
shaped, like the exteriors, and a section across one of them would be like
the following figure : (Fig. 100.)

Another group of hot springs, not quite so extensive, but having a
greater temperature, is located in the north end of Escalante Valley, six-
teen miles west of Minersville. These springs are situated in the open
desert, on two parallel ridges having a north and
south trend, placed en échelon, about twenty rods _
apart, each eight or ten rods in width and 20 feet Fie. 100.—tmct crater of hot
high, with a total length of about one and a half ~ Prirg near Midway, Utah.
miles. These ridges have been formed mainly by the drifting sand, held
together by the moisture and consequent vegetation, as no sinter nor tufa
seems to be deposited by the springs. The highest temperature noted was
185°. The only other warm springs seen on the trip were in Jordan Valley,
and a single one on Spanish Fork ; temperature not noted.

SECTION 1IV.
ECONOMIC GEOLOGY.

Under this heading it is proposed to call attention to some of the more
prominent and valuable mineral and ore deposits of the region under con- -
sideration. A discussion of the character and distribution of the precious
metals will be found in Vol. I, and these remarks will be confined to some
notes upon the geology of Ely Mining District. This district, second in
importance to no other silver-mining district on our western coast, save that
made famous by the Comstock Lode, is located on a spur of the Highland
range, in Eastern Nevada. The mines of the district occur in quartzite of

- Lower Silurian Age. The principal vein, worked by the Raymond & Ely
and Meadow Valley Companies, and called the Pioche, has a nearly east and
west trend, with a dip of about 70° to the south, and is an undoubted fissure-
vein. This vein has been severed in two or three places, and thrown some

1T ws
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distance laterally as well as vertically, by fissures and faults of more recent
origin, which serve well to show the much disturbed condition of the rocks
in this part of the district. The formation of this fissure .may also have
been accompanied by a considerable throw. The vein worked by the
Newark Company, as I learned from Mr. Watson, the superintendent, has a
similar trend and dip, and on the side of the hanging wall there is a thick-
ness of 35 feet of crushed rock, a quartzite breccia. Such an amount of
crushed material would indicate considerable movement. The thickness of
the quartzite bed at this locality is unknown; an increase in thickness is
seen in passing southward on the Snake range. If the same increase con-
tinues to this point, the thickness must be very great, but in regard to
that it is impossible to say, as no exposure of the base of the quartzite was
noted in this neighborhood. There isno reason to expect any great change
in the character of the ore while the vein remains in the present rock, but
what will be the result when the granite is reached, which will probably be
found here as elsewhere underlying the quartzite, it is difficult to predict.
A study of the veins in the granite of Eagle District might give some data
for an opinion. Overlying the quartzite are about 400 feet of arenaceous
and calcareous shales of a reddish-yellow color, containing in the more cal-
careous portions several types of Primordial fossils in great abundance.
Capping the shale and forming the crest of the ridge to the westward is a
bluish-gray limestone of Carboniferous Age.

Sheet No. 50, of the atlas to accompany this report, shows the topog-
raphy of the district, as well as the relation to each other of the different
geological formations. The accompanying Fig. 101 will serve partially to
illustrate the same thing, while giving a ground-plan of the faults, sections,
and the Pioche vein. The trend of this spur or ridge is northwest by
southeast, (true,) and is structurally, as shown in Figs. 102, 103, and 104,
a faulted anticlinal. The structure, however, is complicated by a number of
cross-faults. In addition to the main fault referred to, which marks the line
of separation between the shale and quartzite, there is another to the north-'
east, running parallel to it, marking the line between the quartzite and two
limestone hills, north and east of the town, which are intersected by sections
102 and 103. I have indicated this limestone as dipping to the southwest.



FIG. 101.—Chart of Pioche, showing lines of sections, (Figs. 102, 103, 104, 105,) and Pioche vein in full lines; faults, in broken
lines; and base of western limestone, with dotted line. The topography is indicated by rough contours.
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To arrive at certainty on this point is very difficult, owing to the metamor-
phic character of the rock. The evidence was such, however, that I was un-
willingly led to this conclusion. Mr. Gilbert visited Pioche in 1871, and
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I am pleased to find that our observations agree on this point. The lime-
stone and quartzite, notwithstanding the débris, are seen to approach each
other near enough in places to demonstrate the existence of a fault, and Mr.
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Gilbert was fortunate enough at the time of his visit to see a shaft sunk on-

‘the contact vein of this fault, which clearly revealed the relation of the two
formations. . .

To explain the existence of the shale, pierced by the shafts of the Ray-
mond & Ely, Newark, and other companies in that immediate vicinity, it is
necessary to suppose another fault, running through the town nearly on a
line with Main street. (See Fig. 105 and ¢ ¢, Fig. 101.) The Newark
shaft was sunk through 365 feet of shale, which lay conformable to the
quartzite below and dipped about 10° to the northeast. The Lightner shaft
of the Raymond & Ely Company was sunk threugh 100 feet of shale, which
dipped with the quartzite 15° to 20° to the northeast. As shown in Fig.
103, the main fault is a little to the west of this point, and beyond the fault

the dip is to the northwest. The different levels run west from this shaft,

cross this line of fracture. The third level was run west of this line, 35
teet through quartzite, to the conformable shale above, which dips to the
northwest, as before stated, 10° to 15°. 'The position of this level is shown
in Fig. 103. Unless the shale on the northeast of this fault is considered as
interbedded with the quartzite, and passing under the hill northwest of the
town, a highly improbable assumption, it seems to me, the existence of the
cross-fault ¢ ¢, must be admitted. The difference of throw along the main
fault, as illustrated in Figs. 102 and 103, (assuming the shale on both sides
as parts of the same bed,) is in harmony with this supposition. The throw
illustrated in Fig. 102 is not less than 600 feet, while in Fig. 103 it is only
100. If there are no other faults the difference of throw at these two points
should be equal to the throw of the cross-fault, and this is nearly as I make it.
And farther, it seems to me that erosion is not sufficient to account for the
topography at this point. Following the main fault southeast to the divide,
I find the throw (see Fig. 104) as great perhaps as at the point represented

in Fig. 102. This would seem to militate against previous conclusions, but’

I think we need not be troubled on that score when the disturbed condition
of the rocks in the neighborhood of the Raymond and Ely and Newark
mines is considered. And in following along the line of this section a little
farther to the west, another fault (D D, Fig. 101) with a north and south
trend is discovered, and with a throw of 100 feet to the east. This may be
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a continuation of the fault running near Main street, with a smaller throw
at this point, or it may be an entirely independent fault. The throw of the
main fault being to the southwest, and the dip of the Pioche vein where
worked by the Raymond & Ely Company 70° south, it might be expected
that the vein west of this fault would be thrown to the north, but on the
contrary it is found to the south, which fact can only be explained by a
horizontal throw. Five hundred and seventy feet east of this is another
parallel fault dipping 70° southwest, and the same vein worked by the
Meadow Valley Company to the east of this fault, is found over 100 feet to
the north. To account for this, another lateral throw must be supposed, as
the downthrow has been as before, to the west; or as usual, on the side of
the hanging wall. It is obvious that the effect of the vertical faults—

the vein dipping south- and the throw being to the west—would be to carry
" the outerop of the vein west of the fault to the north, but as it is found carried
to the south in both cases, the evidence of lateral faulting must be admitted.

Owing to the gréater resistance to erosion exerted by the quartzite, the
valley separating it from the shale along the line of the main fault is being
continually crowded over farther into the latter. The Vandemark tunnel
afforded an opportunity of measuring the amount at that point. This tun-
nel (see Fig. 104) was run 75 feet through loose material, mostly quartzite,
which served for a protection to the shale below it, and then 185 feet
through shale before the line of fracture and the quartzite were reached.
As the mouth of the tunnel was about 40 feet from the lowest point, 300
feet appears as the total amount of crowding.

The shale at this point appears to dip nearly north 15° to 20°, and the
quartzite on the other side of the fault dips about 20° north-northeast. The
dip of the fault here is 60° to the west. Next the quartzite, which has a
tolerably clean face, there are 6 inches or 8 inches of finely pulverized
material, then 10 or 12 feet of broken and ground shale, after which comes
the solid shale which is unusually hard and vitreous for a few feet.

IRON.

An excellent quality of magnetite is found near Iron City in South-
western Utah—very easy of access, and in quantity practically inexhaust-
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ible. There is one butte of solid ore 500 or 600 feet in length by about 200
in breadth and 150 feet in height. But this is not all; Mr. Thompson noted
dike-like masses occurring a mile or so to the northeast of this, and also
near Iron Spring about twenty miles to the northeast. Lieutenant Dinwid-
die visited some mines at this latter place, and collected specimens of both
magnetite and hematite. About three-fourths of a mile west of the *Iron
Butte,” and considerably lower, geologically as well as topographically, is a
bed of hematite which covers the southeast slope of a ridge, and from a
hasty examination seemed to be a bed 5 or 10 feet in thickness, inclosed in
limestone and siliceous limestone, having a dip of 10° or 12° to the south-
east. 'The surrounding country is so completely covered with Trachyte that
the sedimentary rocks are but little seen, and their age was not determined.

The following analyses, made by Capt. C. E. Dutton, of the Ordnance
Corps, U. 8. A,, show the extreme richness of the ore, but since it is very
refractory the difficulty in its reduction will be to obtain sufficient heat.

This region is so sparsely wooded that a permanent supply of charcoal
cannot be expected, but some experiments made with an open fire to pro-
duce coke from coal, which is said to be abundant in the Cretaceous rocks,
ten or twelve miles to the southeast, give fair promise that the element
needed may be derived from that source.

Analyses by Capt. C. E. Dutton, United States Army.

Red hematite ore :

By decimal parts :
Insoluble residue, (silica and silicates) .......... ..o coiiiiiiiii il 3.34
Magnetic oxide of iron, (Feg Og). ... .oooiiiii il e 5.64
Peroxide of iron, (Fe, Oj) ...... e e et e e aaan 82.97
L 77 6.06
Alumina . ..... .. ... ... .ol e e e 1.35
Sulphbur...... e e e e e, N 06
Phosphoric acid ..... ... i e Cee e ieeaeeaan. 19
7 {1 e een .33
99.94
By elements : .
Metallic iTOn - .ot et ittt it i cne cteeeccae satae vaaan e e 62.16
Phosphorus . ......ooviiiiiaa.., e eetee e cecaanas et eaaan .00

Sulphur..... e e e eeeeet ieeaa et eeeaacaeiaeae et e e e aans .06
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Magnetic ore :

Insoluble residue ........... e e e etetaee tee i aeaeteeanariean s 3.81
Peroxide of iron ... .ov et i i e e i e e iee e e 28.00
Magnetic 0xide Of iTOD v\ e iie it i i e e 67.68
7N 0 07 Ceeteeeeaa .38
4728 =) P PO I ; .10
Manganese . ... vieeieiiiiiaei cae e, e reeeieenee e Tracc.
Sulphur . ... ool i il e el eeaaaaae .-. None detected.
Phosphorus. .........ocoianaaa.. e e e R R None detected.

. 99.97
Metalliciron ..... ... .o ool e e e e et e e e 68.61

Both of these ores show very well indeed—some of the best I have ever seen.
The pig-iron made from them, if it could be obtained, would give by analysis a better
criterion of their precise value, as some elements, which are insoluble in the ore, become
soluble in the pig-iron, e. g., phosphorus.

Very truly, yours, 0. B. DUTTON

KAOLIN.

Near Gunnison are some quite extensive beds of kaolin. The follow-
ing analysis, by Dr. O. Loew, of a yellowish variety, indicates the presence
of considerable iron ; some of it, however, is free from this mineral, and is
pure enough for the manufacture of porcelain. The major part has proba-
bly quite an excess of silica. Located as these beds are on the banks of the
Sam Pitch Creek, within easy reach of coal, there seems to be no reason
why they should not be turned to good account in the manufacture of fire-
brick, &c., for the use of the neighboring mining regions.

Analysis of Kaolin, by Dr. O. Loew.

SE O e e e JRTR 46.79
Al Of oo e e e e 34.17
1N ¢ 5.04
2 O o DU U 14.00
100.00

SALT.

Salt of a good quality is found abundant in many localities. In the
summer and fall, during the time of low water, hundreds of tons are gath-
ered along the shore of Great Salt Lake; also at Little Salt Lake, sduth of
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Beaver, and from the salt marshes in Snake Valley. It is also found in
apparently inexhaustible quantities in a red clay of Jurassic age, near
Mount Nebo on Salt Creek, on the west side of the Sevier Valley, between
Gunnison and Salina, a few miles south of Salina, and in Salina Cafon.
These salt deposits are all of excellent quality, being remarkably free from
- sulphates and from the other chlorides.

GYPSUM.

The Jurassic rocks are everywhere found to be very gypsiferous, and
in some places good workable beds of gypsum are seen. One of these beds
occurs on Salt Creek near Nephi, and another on the east side of the valley
near Gunnison, and others are found in the plateans of the southern part of
the Territory. Mr. Thompson brought in some fine selenite crystals from
the Salt Mountains, just south of Salina. Good plaster of Paris can be made
from this gypsum, in quantities sufficient to supply all demands.




CHAPTER IX.

PLATEAU SYSTEM OF PORTIONS OF EASTERN UTAH,
NORTHERN ARIZONA, AND WESTERN CENTRAL NEW
MEXICO.

SECTION L—STRATIGRAPHY.
SEcTION IL—FoLDS AND FAULTS.
SEcTION I[I.—VOLCANIC ROCKS.
SECTION IV.—GLACIAL PHENOMENA.

The main topographical features of this country are the results of ero-
sion, aided and modified by faults and folds, to which voleanic rocks have
added many interesting features, mainly by the resistance which they offer
to denudation. The climatic conditions are such that the rocks are carried
away as fast as disintegrated, which gives the harder rocks an unusual ad-
vantage over the softer in resisting erosion, and cliffs are the natural result.
And as the streams are cutting down their channels more rapidly than the sur-
rounding country is being degraded, a region of deep canions, cliffs, and pla-
teaus is found—the delight of the geologist and the wonder of all beholders.

SECTION 1.
STRATIGRAPHY—TERTIARY.

The Tertiary formations of this region are confined to the northwestern
portion—in Eastern Utah—and to some fresh-water beds in the valley of
the Rio Grande. As these latter were passed over in a snow-storm, and
partially in the night, I will omit any discussion of them, merely remarking
that in' some places they have yielded, in considerable numbers, mammalian
bones, recognized by Professor Marsh as Pliocene, and they are believed by
him to be the equivalents of the Niobrara Pliocene deposits.

The Tertiary beds of Utah are also all fresh water, or fresh and brack-

ish water, deposits. These are bounded on the southeast by Castle Valley,
265
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where they form a line of cliffs running south-southwest, and overlooking
the valley nearly all the way from Price River to the Last Bluff. From
the Last Bluff their outcrop forms what are known as the Pink Cliffs, and
continues to the southwest and west in a very irregular line, reaching, at a
point near the north fork of the Virgin, as far south as 37° 25, when it
turns again to the northward, and is lost somewhere near the head of that
stream. Farther to the west an arm or island of Tertiary extends as far
south as Pine Valley Mountains, where it has been protected from erosion
by the overlying trachyte. From this point northward te the Uintah
Mountains, the western boundary of this Tertiary formation, is the line sepa-
rating the Basin Range and Plateau Systems.

These boundary-lines so completely define the limits of the formation,
that one instance only is known to me of its overstepping them. From the
Last Bluff, the Tertiary extends to the southeast ten or twelve miles, in the
shelter of a synclinal. On the cther hand, throughout this Tertiary area, but
few exposures of older rocks are met with. It may also be stated that south
of Salina Creek, or south of latitude 38° 50’, this region is so completely
covered with volcanic rocks, that sedimentary beds of any kind are only
occasionally seen, except along the line of cliffs referred to. These Tertiary
beds are so extremely variable in lithological character and thickness, that
it is difficult to correlate sections, even when taken only a few miles apart,
save in a very general way. Thisis especially noticeable in comparing
sections near the western boundary of the system with each other, or with
sections to the east, while the eastern sections show more uniformity in
character. These facts are consistent with what might be expected, when
we consider that the Basin Range System was the ancient continent, which
furnished the sediments for these beds, and we find their variability such as
is usually noted in off-shore deposits. To the north these beds are mostly
soft calcareous shale and marls, with only a few sandstones and hard lime-
stones. Southward there is an increase in the limestone, and at the most
southeastern exposure, the Last Bluff, there are over 1,200 feet of more or
less compact limestone. The fossils from this series have not yet been care-
fully studied. However, the major part of it, if not the whole, may be
referred with considerable confidence to the Eocene, and perhaps the Lower
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Eocene, and it is by no means impossible that the Cretaceous may event-
ually be moved up so as to include the lowest member.

Unimportant seams of lignite were noted in several places at the north,
and in the vicinity of Sam Pitch Valley are coal beds of excellent quality
and of considerable extent. Yet, notwithstanding the flattering prospects
of this locality, these coal beds will doubtless prove of limited extent when
compared with other coal fields, and are certainly far less extensive than
those found lower down in the Cretaceous.

The mines on the west side of the valley at Wales were visited by Mr.
Gilbert, and a section at that point will be found in chapter VII, section I,
of this volume. The mines on the east side of the valley, at Fairview, were
visited, and some fossils collected, by Lieutenant Wheeler, among which
Goniobasis and Unios were abundant, but nothing more definite can be said
about them, as the box in which they were shipped was, unfortunately, lost. |
In the section which I examined at Manti, the coal horizon furnishes only
carbonaceous shales, with perhaps a few inches of very impure lignite, and
* is as follows: (Fig. 106.)

) . ) : ) —
Section near Manti, east side of Sam Pitch Valley. —
1. Calcareous, argillaceous, and marly fresh-water beds | E@E:E‘_‘Ef:f—f_
of various colors, containing Planorbis, Physa, .| |wE————"=
. .. . Soff—= ==
Goniobasis, Viviparus, and fish-remains. ooy

Feet.

(Thicknesses are measured in part and in part
estimated.)

a. Reddish-yellow shale, with ferruginous concre- N

tions, 5 feet. )

315.%
a

b. Yellowish-white limestone, 50 feet.

¢. Greenish-white, soft, shaly limestone, 100 feet.

d. Green and red shaly marl, 150 feet.

e. Gray sandstone, 10 feet. L 565 =
J.

g

. Red, yellow, and purple shales, 60 feet. | | | ===
. Grayish-white, changing to yellow, purple, and
red shaly marls, 70 feet.
L. Yelloyvish-gray, soft, calcareous sandstone, 20
feet.
. Greenish-gray, shaly sandstone, 40 feet.
j. Yellow sandstone, 30 feet.
k. Light, red, and purple shale, 30 feet. )

3
850 ft.
¢
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2. Light, gray, shaly, fresh-water limestone, with Goniobasis, Physa, Vivip-

arus, and Unio :
. ’ Feet.
a. Light yellowish-gray limestone, 300 (%) feet. )
b. Greenish-white, shaly, arenaceous limestone,
with beds of dark carbonaceous shale, 75 375
feet. -
(This bed furnishes coal at Fairview and
3

Wales (%). v
8. Red, yellow, purple, and gray calcareous marls and sandstone. -
a. Red and purple marls, with some gray con-
glomerate, 200 feet.
b. Purple marls, 30 feet.
¢. Soft, light-yellow, shaly sandstone, 320 feet.
d. Purple, red, and gray marls, with a little sand-
stone, (base not seen,) 300 feet.

850

By comparing this section with Mr. Gilbert’s, just referred to, from
Wales, it will be seen that my No. 1 and No. 2 ¢, correspond lithologically,
as a whole, very nearly with his No. 1, and my 2 b with his No. 2, although
in minor details they are very different. The same variability was observed
in passing over No. 1, less than a mile from where the above section was
taken ; while the general character was the same, the details in regard to
color, &ec., were quite different. The evidence derived from the fossils,
although by no means conclusive, favors this correlation of the two sections.

About twenty miles to the east of Joe’s Valley, to the topmost rock
exposed, is apparently analogous to No. 3, and a section at this point is as

- follows:

“Section east of Joe's Valley, Fig. 107.

Thicknesses measured by aneroid barometer,
except No. 6 and the lower part of No. 5.

. Feet.
No. 3. Blue limestone and red marls, which give to the
whole a pink color, contains Viviparus trochiformis

and Uniovetustus (3)... .......... .. .. ... 175
No. 4. Cream, cross-bedded, calcareous sandstone, inter-
bedded with dark shale and thin layers of lime-
stone, not well exposed, contains Physa, Goniobasis,
: Nebrascensis, Unio vetustus, Viviparus, and seeds of

Fre. 107, CRATG « oo eoveeeiinecinen e iamane ciaae cenn 650
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Feel

Nos. 5 and 6. Cream, cross-bedded, inore or less calcare- -

ous sandstone, becoming shaly lower down, and in-

terbedded with dark shales toward the base; con-

tains fragments of leaves, and, a little farther south,

beds of coal,about.......................lLL 1,500
No. 7. Dark-gray arenaceous shale, with leaves and

Inoceramus, about.......... ... ............. 1,000

The data for a satisfactory determination of the line between the Ter-
tiary and Cretaceous were not obtained, but it is believed that the Cretaceous
begins with No. 5. We shall have occasion to refer to this point further on.

For convenience of reference, the same numbers have been applied to
what are believed to be the same beds throughout all the sections of this
chapter.

In our next section, (Fig. 108,) on Price River, we find the Tertiary
beds over 4,000 feet thick. This is the largest exposure examined by me.
They thin out gradually to the south and west, but are seen in still greater
force to the northeast.

- Section near the juriction of the novth and south forks of Price River, (Fig. 108.)

(Thicknesses roughly measured and estimated.)

No. 1. Pale green to gray calcareous shales, with thin layers of
limestone, containing turtle and fish remains, with |

Unio, Planorbis, and Goniobasis.

. Feéet.
a. Pale, reddish-yellow, soft limestone, 600 feet.

b. Pale green, calcareous shales, with thin layers % 1,600
of limestone, 1,000 feet.

No. 2, Brown carbonaceous shales, with thin layers of
gray and cream limestone and sandstone, con-
taining fresh-water fossils only, such as Unio,
Planorbis, Goniobasis, and Viviparus. Some

P
ft. | as0 fr. | 1600 f5.

1200

thin layers of limestone are made up almost « S?

entirely of Goniobasis and Unio. Two or three 8

thin seams .of llgmte. WeTe Seen.............. 850 pra. 108.—Section near the
No. 3. Red marls, with occasional thin beds of,cream junction of the north

and south forks of Price

sandstone,and more frequent beds of blue lime- River

stone, which thicken toward the base. The last
two or three hundred feet are mainly blue lime
stone, but the red marl gives a pink color to the
whole series. Fossils: Unio, Viviparus, Physa,
: and Trionyx ...........c....... e ieaes 1,200
No. 4. Mainly cream, cross-bedded and shaly sandstones,
(connection with No. 5 not seen)......... 400 to 600
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The materials comprised in this series are so
largely marls and shales, which form gentle slopes
. and mark all minor features, that it is impossible to
make detailed sections in traveling rapidly through
the country, but the general characters are well
marked, and could usually be followed with com-
parative ease and certainty.

One or two seams of coal 8 or 10 inchesin
thickness were noticed in No. 2. There are proba-
bly others that were not seen, as the soft, shaly ma-
terialis well calculated to hide beds of that nature;
but coal having economic value will probably not be
found at this locality, although there can be but little
question that it is the same horizon which furnishes
the coal of Sam Pitch Valley.

In the southern portion of the Territory no coal
of Tertiary Age has been observed, and, if I am
correct in the correlation, the coal horizon is either
absent, or is represented by a soft, massive limestone
at the Last Bluff, where the following section was
measured in part, and in part estimated. This sec-
tion reaches from the top of the Tertiary to the base
of the Trias, and will be constantly referred to
throughout this chapter.

Section from the base of the Trias formation, *

a few miles west of Paria Settlement, Utab, to the top of the Tertiary at the Last Bluff. 1. 3 a,3 ). Mainly fresh-water Tertiary limestone; 4.

5 miles, or 1:300000; vertical section: 1 inch = 12,000 feet.

Section from the Last Bluff, south-southwest thirty-siz
miles, to a point a little west of Paria Settlement,

LRI

5.6 ¢,6b. Cream sandstones and dark shales, (Cretaceous;) 7 a. Argillaceous shales, (Cretaceouns;) 7 b, Coal series,

(Cretaceous;) 8. Massive sandstones, (Cretaceous;) 9, 10. Sandstone and gypsiferous shales, (Jurassic;) 11, 12. Hard calcareous sandstone and
shales, (Jurassic;) 13. Buff, massive, cross-hedded sandstones, (Trias;) 14. Verwillion, massive, cross-bedded sandstone, (Trias;) 15. Variegated

marl series, (Trias;) 16. Shinarump conglomerate, (Trias;) 17. Chocolate and light-colored shales, (Trias ;) 18. Upper Carboniferous

5

éﬂ‘ (Fig. 109.) -
Eg No. 1. White to gray fresh-water limestone, containing

g Heliz and Physa Bridgerensis . ......ceo <evaens 500
:g This is apparently No. 1 of the sections to the

northward, but whether No. 2 is also repre-

sented, it is not so easy to say. It is one

homogeneous mass at this point, and is sepa-

rated from the limestone below only by color.

No. 3. a. Pink fresh-water limestone, with bands of
blue toward the base, containing Physa. ....... 850

14

15
Lower Tertiary shales.

18
F1G. 109.—Horizontal section : 1 inch
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Feet.
b. Purple and light-colored marls, with conglomerate toward the base..30%to 600
No. 4. Gray arenaceous (and argillaceous) shales, containing an elongated form

of Physa.
a. Iimea and two species of Viviparus, a single specimen of a small oys-
ter, were seen, and some small fragments of large bones........ 1,200 to 1,500
Total thickness of Tertiary beds......................... 2, 850 to 3, 450

No. 5. Cream sandstones and shales, with much dark shale and some coal..700 to 800
No. 6. SameasNo.5. Contains Cardium, Corbula, Inoceramus, Neritina, (Dostia,?)
crocodile’s tooth, &e.
a. Cream sandstone, with some fine conglomerate and a little dark shale.. 200
b. Cream shales, and sandstones and dark carbonaceous shales and coal.. 500
No. 7. a. Dark argillaceous shale, with Hamites, Baculites anceps, Ancyloceras,
Ammonites percarinatus, Turritella, Cardium, Inoceramus problematicus,
Lima, Ostrea congesta, Corbicula, Lucina, and many other fossils..... .... 500
b. Coal series: Mainly dark carbonaceous shale, with coal, but containing
some cream sandstoune and shale, the whole capped with an oyster-bed,
which varies in thickness from 1 foot to 5 or 6 feet, but’is never absent,
and is usually one complete mass of shells of several species, one of
which is hardly distinguishable from the common edible oyster, (Ostrea
Virginiana.) Exogyra ponderosa, and Gryphea Pitcheri are also very com-
mon, and Turritella and Ammonites are occasionally seen .............. 150
No. 8. Light-colored conglomerate and sandstone above, changing to red below,
with banded red and slate-colored shales at base. A few leaves and one
cast of gasteropod were found near the top, and on the Dirty Devil River
Saurian booes were seen. :

-

a. Light-gray sandstone or fine conglomerate, changing grad-
unally to a pale-red sandstone............ .. ... ... ..., 250 feet.
b. Gray sandstone....._.......... .... e e b feet.
¢. Dark-chocolate sandstone.................... _.......... 1foot.
d. Palered sandstone................. ... L.l 100 feet. [ 500
e. Slate-colored shale............0.. ... ... ..., 20 feet.
/- Chocolate, red and slate-colored banded shales and sand-
BIODES .. ooe i i teeieaaa 125 feet. 3
Total Cretaceous ............ ... ... ... .o..... 2,550 to 2, 650
No. 9. Pale-red, massive, cross-bedded sandstone...............o.o.ooee ... 125
No. 10. Variegated gypsiferous shales, with green and slate-colors at the top... 175

Near the Dirty Devil River this bed contains Camptonectes, Trrigonia, Aviculopecten,

and Gryphea. (?)
No. 11. Pale-yellow, cross-bedded, calcareous sandstone...................... 75
No. 12. Red, yellow, purple, and gray marly shales and sandstones........... 125

Total thickness of Jurassic beds....... ........ e e, 500
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No. 13; Buff) massive, cross-bedded sandstone............ccoevivveniinnannn. 800

No. 14. Pale-vermillion, massive, cross-bedded sandstone..................... 600

No. 15. Variegated gypsiferous marls, containing silicified wood.............. 400
No. 16. Shinarump conglomerate—a gray conglomerate, with large quantities of

silicified wood........... et et et teetceae et aaeae e 50

No. 17. Chocolate, arenaceous, and gypsiferous shales and marls.............. 400

Total thickness of Trias.......c.oueiii iiiiiiieiiiiiiaiianen, 2, 250

There can be little doubt that No. 1 of this section is the equivalent of
No. 1 in the sections near Manti, and on Price River, (Figs. 106 and 108,)
and it probably- includes No. 2, also, of those sections. This bed caps Moo-
se-ne-ah Peak, and all the adjoining Plateau. From the last bluff it extends
to the west and southwest, blending more or less with the pink limestone
below, (No. 3,) and with it forming the cap to the line of Pink Cliffs before
mentioned.

M. Gilbert gives a section of the rocks exposed on the North Fork of
the Virgin River, (chapter VI, section III,) which includes these beds, and
illustrates what has before been remarked, that the beds near the old shore-
line are more variable, and are now composed less of limestone, than those
deposited at a greater distance from here in still water.* No. 1 is represented
on the east flank of Pine Mountains by a few patches of soft, marly, white '
limestone, (3 a, Fig. 110,) in which were found the same species of Physa
and Planorbis, (Physa Bridgerensis and Planorbis ,) as at the Last
Bluff and on Soldiers’ Fork. These patches are little islands that have been
protected from erosion by overlying trachyte. The trachyte covering the
summit of Pine Mountains is also underlaid with about 300 feet of red and
yellow concretionary limestone, which is probably Tertiary, and the equiv-
alent of No. 3, (35, Fig. 110, and No. 2, IFig. 99.) No. 4 is well exposed at :
Last Bluff, but it is difficult to correlate it with No. 4 of Figs. 107 and 108,
one hundred and twenty-five to one hundred and fifty miles to the north.
Its position, however, is defined by its relation to the beds above and below
'it, and a somewhat intermediate lithological condition is given in Mr. Gil-
bert’s section, just referred to, fifty miles to the west. It is represented at

*No. 1 of Mr. Gilbert’s section is the equivalent of 1 and 3 of mine; and No. 2 of his is the equiva-
lent of No. 4 of mine ; while 5 and 6 of my section are represented by No. 3 in his, with perbaps some of the
upper portion of 4; and my 7 and 8 equal the remainder of his No. 4.
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Pine Valley Mountains, (the upper part of No. 4, Fig. 110, and the upper
part of 3, Fig. 99,) by rocks bearing a close resemblance to thosc seen to
the north.

The fossils found in this bed, both at the
north and at the south, indicate that it is the
equivalent if the Upper Missouri lignite forma-
tion, but the fact that oysters were seen near the
Last Bluff, and by Mr. Gilbert on the North Fork
of the Virgin, show that it was deposited, parti-
ally at least, in brackish water, and suggests that
it may prove to be the equivalent of the Bitter
Creek series, and the Bear River brackish water
deposits, which would make it doubtfully Lower
Eocene or Upper Cretaceous ; but for the present
I shall consider it Lower Eocene.

In the section previously given, on Soldiers’
Fork, (Fig. 96,) a equals No.2 of the general
section ; b and ¢ may be parts of the same, but are
probably the equivalents of the lower beds.
The heavy bed of conglomerate (¢, apparently
has no representative to the east or southeast; at
least I have not been able to recognize any. A
little to the north, on North Fork, it rests non-
conformably upon red sandstone. Near the
north end of the Sam Pitch range there is a similar
conglomerate resting *apparently upon the up-
turned edges of Jurassic rocks. Another expos-
ure of conglomerate, similar in appearance, and
probably connected with the last, is seen at the
lower end of the Sam Pitch Valley, overlying
pure red sandstone, of which 200 to 400 feet are
exposed. Above the conglomerate is a series of calcarcous and argillace-
ous beds, to which belong the kaoline deposits near Gunnison. The colors
arc mostly green and yellowish-white, with a little red near the base. This
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whole series probably corresponds to No. 1. Farther to the north there
appeared to be a non-conformity between these beds and the conglome-
rate, but the distance was so great as to leave this point uncertain. As
these three are the only localities where we have seen this conglomerate,
although our exposures, a few miles to the east, should have revealed it, did
it exist, I am led to believe that it is extremely local. The two last-men-
tioned exposures are probably parts of the same bed, but I think it doubtful
if they have any connection with the bed on Soldiers’ Fork. This latter, I
have before suggested, might be an old delta, and the bed to the south may
have been formed in a similar manner. I know of no facts that will deter-
mine whether this conglomerate is Tertiary or Cretaceous.

CRETACEOUS.

Whether the entire area embraced in this chapter was ever covered
with Tertiary rocks may be doubted, but that the Cretaceous beds were
once universal admits of no question. There are many places where older
rocks are now exposed over large areas, but the evidence is conclusive that
these exposures are from subsequent erosion, and not from lack of deposi-
tion.

The boundaries of this formation cannot be so easily described as those
of the Tertiary, and the reader is referred to the colored atlas for that infor-
mation; but in a general way it may be defined as underlying the Tertiary
of Utah, where its presence is occasionally revealed by folds and canons,

~and forming a border fifteen or twenty miles in width outside the Tertiary
cliffs on the south and east. There is another strip of about equal width
lying to the west of the Henry Mountains, in the ‘trough of a synclinal
which trends about north-northwest by south-southeast. The same Creta-
ceous beds are again found in Northeastern Arizona. Beginning in a nar-
row strip near the Colorado River, south of the San Juan, they spread out
rapidly to the eastward, and continue with few interruptions to the Rio
Grande. West of Fort Defiance there is an anticlinal fold, which has so
hastened the erosion that the Cretaceous rocks have been carried away from
a strip thirty miles in width. At the Zuni Mountains the same thing has
been repeated, and on a much smaller scale in a few other places. The
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southern limits of the Cretaceous in Arizona may be very closely defined by
a line run westward from the Fort Defiance anticlinal in latitude 35° 40’
as far as the Moqui towns, and from there due northwest to the Colorado
River.

These beds are composed mainly of soft, more or less calcareous,
cream-colored ‘sandstones and dark, argillaceous and carbonaceous shales,
containing extensive beds of coal, with almost an entire absence of lime-
stone,

The most satisfactory examination of the whole series was made near
the Last Bluff, in Utah. A section at this point (see Fig. 109) gives about
2,600 feet as the total thickness of the beds which we have called Creta-
ceous; but neither the upper nor lower limits of this formation have been
determined as definitely as could be desired. The reasons for placing No. 5
with the Cretaceous are based upon lithological considerations entirely, as
I was not fortunate enough to secure any fossils from this bed. It differs
materially from No. 4, but agrees very closely with No. 6 (which is unques-
tionably Cretaceous) in color and texture. These beds are naturally sepa-
rated from each other at this point, for the reason that the lower part of
each is softer than the upper portion, which results in the formation of two
distinct lines of cliffs; but to the northward no such division was seen, and
I was not able to separate the two. No. 5, and the greater portion of No. 6,
also, are wanting in the portion of Arizona visited; but in New Mexico,
between Fort Defiance and the Rio Grande, both beds are apparently
present, though no separation of the two could be made that would hold
good for any great distance. Although many minor divisions could be
made at any one place, they would not correspond to, and could not be
correlated with, those made at another; yet, taken as a whole, the series
everywhere presents the same appearance. As there is no evidence to the
contrary,' I think the intimate relation which ecxists between the two beds
justifies placing them in the same formation.

Fossils are not very abundant in No. 6, but enough were collected to
determine its geological horizon.

Professor Meek recognized, in a hasty examination, Inoceramus, Car-
dium, Corbicula, and Neritina Dostia(?) like those found by him at Coalville,
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on the Union Pacific Railroad, and assigns to it a position in his Coalville
series so far below the summit of the Cretaceous that there is ample room
for No. 5 in the same formation, and a lithological comparison of sections
from the two localities favors that idea. And, as before intimated; it may
even be questioned whether No. 4 also should not be placed in the Cretaceous
series. '

The same difficulty is met with in attempting to separate the Cretaceous
from the Jurassic, as no fossils were found in No. 9, and only a few in the
upper part of No. 8, and the division between the two is not a marked and
constant one. A slight non-conformity by erosion was noted in one instance
near the Paria; but a similar non-conformity was seen between 9 and 10,
fifty miles to the northeast, in Water Pocket Cafion. While No. 10 is Juras-
sic, there can be very little doubt that No. 8 is Cretaceous, (at least the
upper portion,) and the difficulty arises in disposing of No. 9. My reasons
for placing it in the Jurassic with No. 10 are, first, the fact that at Soldiers’
Fork and Salina Cafion there is a heavy bed of Jurassic sandstone not very
unlike this in texture, lying immediately above the green gypsiferous shales,
which shales are apparently the equivalent of the No. 10, and I think the
inference is fair that the overlying sandstones are also equivalents. Second,
I find, in going to the eastward, that while No. 8 is constant, the whole
Jurassic series, including No. 9, thins out rapidly, and finally disappears in
Eastern Arizona and New Mexico, leaving No. 8 resting immediately upon
13. As this is a variable bed and disappears with the known Jurassie,
while the Cretaceous above and Trias below are constant, there seems to be
a propriety in placing it with that formation. Still, it must be admitted that,
so far as observed by us, it was more fully separated from No. 10 than from
No. 8, and more careful study may show that it should be placed with the
Cretaceous. ‘

" The main divisions of the Cretaceous retain their distinctive characters
throughout, although subject to considerable variation in color, texture, and
thickness.

Attention has already been called to the intimate relation which exists
between 5 and 6. They have the same general appearance in New Mexico
a3 in Utah, although containing apparently.a little more dark shale, and
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perhaps, also, more coal; but it would require more careful examination to
decide this latter point. Several exposures of coal were noted between
Fort Defiance and the Rio Grande, and also in Southern Utah, and as far
north in Castle Valley as Muddy Creek. The coal of the Placer Mount-
ains near Santa F¢, judging from the accounts given of it, probably belongs
to this horizon. No attempt was made to trace these coal exposures, but
enough was seen to indicate that some of the beds will prove to be of
considerable economic value.

As before stated, only the lower part of No. 6 is present in Northeastern
Arizona, and this was not seen along the line of march more than twenty
or twenty-five miles west of Oraybe, but it was seen in greater thickness far
away to the north, northwest, and northeast, and it is probable that not only
the whole of No. 6, but No. 5, also, is there represented.

The whole region in the neighborhood of the Moqui towns consists of
broken mesas, capped with from 100 to 300 feet of cream sandstone and
dark shale, the lower part of No. 6. Below this are the dark argillaceous
and carbonaceous shales of No. 7, from 300 to 500 feet in thickness, while
at the base of the mesas, and forming the floors of the valleys, may be seen
the soft, yellowish-white sandstone of No. 9.

The Moqui towns are all built on the salient angles or peninsulas of
these mesas. At the town of Oraybe, No. 6 has a thickness of 150 to 200
feet. Five miles to the northeast it is considerably thicker. A section, be-

ginning at the top, is as follows:

Feet.

a. Almost white, coarse sandstone, estimated ............ ... ... ... .. ... 70
b. Cream sandstones and shales. . ... .. ... it i i i GO
¢. Dark carbonaceous shale .... ..... . ........... 33
d. Cream to white sandstone. ... cco. vt o it e 30
e. Dark and eream shale .. ............. e e e eaeahe e eaieeaeaaaan 35
J- Bard ecream sandstone . ....... ... ...l il il oo, ‘.. 30
260

No. 7 shows throughout a great degree of constancy inits general char-
acter. Although cream shales and sandstones are always present in variable
quantities, the general appearance is everywhere that of a dark-gray shale.

The thickness of this bed, in New Mexico, Arizona, and Southern
Utal, is usually from 400 to 700 feet, but in the northern part of Castle -
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Valley it attains a thickness of 1,000 or 1,200 feet. Professor Meek recog-
nizes the fossils collected from this bed in Utah, Arizona, and New Mexico
as the same that are characteristic of No. 2, or Nos. 2 and 3, of Meek’s Ne-
braska Cretaceous. The determination of this horizon is especially inter-
esting from the fact that it is pre-eminently the coal formation of the area
embraced in this chapter, and probably of the whole Colorado Plateau
System.

I have already mentioned the occurrence of coal in the Tertiary beds
_in the vicinity of Sam Pitch Valley, of excellent quality, but of limited
extent, and also a second horizon in the Upper Cretaceous (Nos. 5 and 6)
of Utah and New Mexico, but the lowest and most important of all is now
reached. The data collected indicate that the coal bed or beds of this hori-
zon have extended, with but little, if any, interruption, from the western
border of the plateau, near Cedar City and Kanara in Utah, to the Rio
Grande in New Mexico, a distance of over five hundred miles.

Mr. F. Klett, of our party, brought in some very fine-looking speci-
mens of coal, collected from the summit of the bluff just east of Kanara.
His section at this point is:

1st. Blaek soil capping the bluff, -
2d. ¢ Shell-bed,” (the only fossils recognized by Mr. Meek are, Corbicula and Corbula

of Cretaceous types.)_
3d. Coal and carbonaceous shale, 18 feet.
4th. Red sandstone, 2,000 feet.

The fossils collected were merely enough to show it to be of Cretace-
ous Age, but the fact that all below the coal is called ““ red sandstone ” indi-
cates that it is near the base of the Cretaceous; and evidence from other
sources goes to prove that only the lower part of the Cretaceous is present
at this point. The shell-bed above, and the dark soil, (shale?) indicate,
morcover, that the horizon is the equivalent of our No. 7, b. And, still fur-
ther, Turritella and oyster-shells were brought in by other members of the
party from the same plateau, a little farther to the east, and probably from
the same shell-bed.

It will be seen from Mr. Gilbert’s section on the North Fork of the
Virgin, that he met with coal there at the same horizon. I would also call
attention to his section on the West Fork of the Paria for the details of the
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coal series at that locality. Another section, which I saw near the town of
Paria, is as follows:

Feet
a. Oyster-bed, of light-cream color ......... ... ... ... ... ... -4
b. Pink sandstoue ....................... ettt et eee et caeaa 3
¢. Argillaceous, carbonaceous, and cream shales, with some coal ............ 40
d. Cream shale . ... . i i it i iia et e iaiaceaaeaans 10
e. Argillaceous and carbonaceous shales, with coal ; one vein of good quality,
12 inches thick ... ... oo i i i i it ciime cie e 10
J. Yellow and eream sandStone . ... ... oo ii iir oot i e 4
g. Argillaceous and carbonaceous shales, with coal ; one vein 18 inches thick. . 20
h. Cream sandstone.. ... ... 10
4. Cream shale and green a,lglllaceous shale e et et et 10
J- Argillaceous and carbonaceous shales, with some coal e heeedeaas 20
k. Argillaceous shale, with selenite ...... ... ... ... .. ... il 10
{. Brownish-gray conglomerate and sandstone, upper part of No. 8

In some parts of Arizona the coal is confined to fewer beds, and seems to
be present in much greater quantity. Near the head of alittle cafion, twenty-
five miles northwest of Oraybe, one bed of very pure coal, 8% feet thick,
was seen and measured. A little farther down the caion a lower bed was
seen, 4 or 5 feet in thickness, while two or three miles to the north only one
bed was seen, which had a thickness not far from 25 feet. This is probably
the same bed which Dr. Newberry mentions as 30 to 50 feet thick, farther
to the north, on the San Juan.* _

To the eastward coal was not seen in such thickness, and it probably
does not exist, although the loose, shaly rock weathers in a way well cal-
culated to conceal the coal at this horizon, but exposures were seen at vari-
ous localities near the Moqui towns, and east of Mount Taylor, enough
to indicate that the bed continues with greater or less thickness to the val-
ley of the Rio Grande. And the coal mentioned by Dr. John L. Leconte,t
near San Antonio, is probably from the same horizon. This coal horizon
in Utah extends far northward in Castle Valley, and just outside the limits
of our survey, on the Muddy and San Rafael, are coal-beds, reported by
the Mormon explorers to be of great thickness.

If the thick beds of Lower Cretaceous coal reported by Dr. Newberry,
as occurring in the San Juan region, do indeed belong to this same horizon,

* Am. Journal of Science, April, 1873.
t Notes on geology, from Smoky Hili River, Kansas, to the Rio Grande.
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then this Lower Cretaceous coal horizon of the Colorado Plateau System is
one of the most extensive known.

The bed of sandstone, No. 8, immediately below the coal series, shows
considerable variability in texture and color, as well as thickness. In
making a section near Paiia, I found it 500 feet thick, but the greatest
thickness was seen fifty miles to the east of this, near the Colorado, where
it is about 800 feet, and much of the upper portion is made by a fine con-
glomerate of gray or cream color. No. 9 also attains its greatest thickness
at this point, and is but little thinner than No. 8. There is a gradual thin-
ning of both beds toward the north, and on the Dirty Devil River No. 8 is
about 300 feet thick, with much the same lithological appearance, except
that the conglomerate of the upper part is a little coarser.

To the eastward, in Arizona, it has a thickness in places of at least 500
feet, and its usual color is a greenish or yellowish white, sometimes becom-
ing nearly a pure white, with streaks of red or pink toward the base, which
frequently extend well up. It is granular in texture, very soft and friable,
but farther to the east becomes thinner and harder again, more nearly
resembling its appearance in Utah. I had an excellent opportunity for ob-
serving and measuring this bed at the Zuni Buttes, four miles northwest of
Zuni, where I found it 130 feet in thickness, cross-bedded, of a reddish-buff
color, and resting immediately upon No. 13, which it resembles perfectly in
color and texture, and from which it is separated only by a small fissure or
crack, which could be plainly traced in the adjoining buttes also. A simi-
lar separation is seen at Inscription Rock, where -No. 8 is not more than 75
feet thick. When the rocks are soft there is no fissure or crack showing,
and it is frequently impossible to separate the two beds, but usually No. 8
is redder than No. 13.

JURASSIC.

' Considering the thinness of the Jurassic formation, its outcrop occupies
considerable space in the western part of our area, and this space is covered
mainly by the lower two members of the series, and is due to the fact that
No. 11 is a much harder bed, and weathers far slower than the upper beds
and the Cretaceous series, and so forms a thin capping for a part of the
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Trias over considerable areas. The formation, throughout, is characterized
by large quantities of gypsum, and in some parts of Utah by extensive salt
deposits. It is somewhat interesting to note that the limestone of the forma-
tion frequently corresponds in its oolitic character to rocks of the same age
in Europe.

The most northern point in the plateau country, Where the series. was
examined, is on the Dirty Devil River, where the estimated thickness is
about 800 feet, divided as follows:

Feet,

No. 9. Snft, pale-red, gypsiferous sandstone . ... ... ..o Ll 500
No. 10. Greeu, gypsiferous shale, hardening toward the base into soft limestone,

containing Camptonectes, Trigonia, Aviculopecten, and Gryphea?. .. .. 250

No. 11. Pale yellow, cross-bedded, calcareons sandstone................... ... 20

No. 12. Red marl and shale ............... e e e e e 10

Total .. e il e e aiaaiaa 780

On the southwest side of Escalante River, sixty miles farther south, the
series is from 200 to 400 feet thicker, and contains much more gypsum in
the lower part, where workable beds 8 or 10 feet in thickness were seen.

In the section on the Paria (Fig. 109) I found the Jurassic only 500
feet thick, but seventy miles to the westward, near St. George, it has a
thickness more than double this, (see Fig. 99,) and this thickness is small
compared to the 6,000 or 8,000 feet noted along the east base of the Wah-
satch. To the eastward it thins out rapidly, until, in Eastern Arizona and in
New Mexico it probably disappears entirely. Beds evidently belonging to
this series were seen near theAMoenco'pie, but no definite idea of their thick-
ness could be obtained. Between White Rock Spring and the Pueblo Col- -
orado, 20 or 30 feet of red marl were seen lying just above No. 13, which are
believed to represent the Jurassic series. South and east of Mount Taylor
a series of beds having a thickness of about 125 feet were seen, holding the
proper position, and closely resembling the Jurassic as seen in Utah, but no
fossils could be found. Mr. Gilbert found a Camptonectes, fifty miles north
of Camp Apache, closely resembling, if not identical with, the species found
in the Jurassic of Utah; but the associated fossils indicate Cretaceous Age,
and the question of its age is an open one, as is the whole question whether
theie is any Jurassic in Eastern Arizona and Western New Mexico. That
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the Jurassic is absent in some localities there can be no doubt, unless a por-
tion of the so-called Trias is of that age. This is proved by what has
already been said in relation to the Zuni Buttes and Inscription Rock.
Where Nos. 8 and 13 are in contact and resemble each other so closely as
these two beds frequently do, it is not an easy matter to separate the Creta-
ceous from the Triassic ; and I find that Dr. Newberry has classed all below
the lower coal at the Moqui towns in one series.* As the Lower Creta-
ceous and Triassic are both unusually soft and marly in this region, it would
probably be impossible to draw the line between them, even for-one whose
previous observations had convinced him that two distinct formations were
there represented. That two such formations are there represented I can
hardly doubt, as in no single instance where a section could be made out
satisfactorily did I fail to find a bed of sandstone (No. 8) interposed between
the coal series and the Trias; this is separated from the Trias in Utah by
beds 500 to 1,000 feet in thickness, which thin out to the eastward, and
finally disappear entirely in parts of Arizona and New Mexico, leaving only
a fissure or crack to represent them, or mark their place, where the rocks .
are hard; and where soft, nothing ‘whatever. |

TRIAS.

Nos. 13 to 17, (inclusive,) of Fig. 109, give a typical section of the most
characteristic group of rocks found in this plateau country. This group,
by the common consent of geologists, has been called Trias, although as
yet it has furnished no fossils to satisfactorily establish this conclusion.
This formation, like those above, terminates to the southward in abrupt
cliffs. These cliffs, usually two in number, and sometimes three, as seen in
Fig. 109, run from Southwestern Utah, near St. George, in a very irregular
line to the Colorado River near the mouth of the Paria, and then southeast

“to the head-waters of the Little Colorado. East of the Colorado, they con-
form very closely to the axis of a monoclinal fold, and form a tolerably
straight line, but to the westward they are crossed at right angles by folds
and faults, and as the beds thrown down by these movements weather more
slowly than those retained at a higher elevation, they are left behind in the

*1ves Report.
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northward retreat, and a very irregular line of cliffs is the result. The
plateau south of this extended line of cliffs is capped with rocks of Upper
Carboniferous Age, while to the northward the lowest exposures are usually
Triassic. The most important exception to this in the area embraced in
this report is the Zuni Mountains, which are composed of Carboniferous
rocks with a crystalline nucleus, exposed near their southeastern extremity,
while the range is wholly surrounded by Trias cliffs, similar to those
described above, (see Figs. 115 and 116.) The thickness of this Triassic
series in New Mexico and Eastern Arizona is from 1,200 to 1,800 feet.
This gradually increases to the westward, until in the section near Paria
(Fig. 109) it is estimated at 2,250 feet. Ninety miles to the northeast, on
the Dirty Devil River, 1,700 to 1,900 feet is found, while at the extreme
western point examined, near St. George, the same series is estimated at
between 5,000 and 6,000 feet, (see Fig. 99.) This is perhaps an overesti-
mate, but the thickness of the series is undoubtedly much greater here than
anywhere to the eastward.

The two upper members of this series (Nos. 13 and 14) are usually
soft, massive, cross-bedded sandstone. The color of the upper member is
generally pale-yellow or buff, while that of the next is some shade of red;
but this division is not a constant one, and to the eastward any attempt to
separate the two becomes impracticable. Moreover, the division, which is
usually very well marked in Utah, between these beds and the variegated
marls below, is also very indefinite, as the base of 14 becomes soft and
shaly, making an easy gradation from the marls below to the sandstone
above. The whole upper part of the series is much softer in Eastern Arizona
than it is either to the west or east, much the same character being seen in
New Mexico as in Utah.

Considerable limestone was seen in the variegated marls series (No.
15) in Arizona and New Mexico, and east of the Colorado, for a distance of
fifty or sixty miles, the series has a thickness of 500 or 600 feet.

The conglomerate bed, No. 16, to which Mr. Powell has given the
Indian name, Shinarump, is a very singular formation. Having a maxi-
‘mum thickness at St. George of 100 feet, it seldom exceeds 40 or 50 to the
east, but is co-extensive, so far as I know, with the Trias of the Colorado
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Plateau. Occasionally it is little more than a coarse sandstone, and some-
times thins out to 8 or 10 feet, but never have I passed that horizon with-
out seeing it. One of its constant features, almost as constant as its exist-
ence, is the great amount of silicified wood which it contains.
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Figs. 111-114 are sections near Toquerville, Utah, showing a non-conformity between the Trias
and Carbonifrrous; 13-14, cross-bedded sandstone, (Trias); 15, variegated marl series, (Trias); 16, Shi-
narump conglomerate, (Trias); 17, shales, (Trias) ; 16, limestono and sandstone, (Carbouiferous.)
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Being harder than the beds above and below it, this caps a line of
cliffs, which are the second or lower line of Trias cliff, previously referred to.

Just below this line of cliffs, near Toquerville, in Southwestern Utah,
a few fragments of lamelle branch shells were seen. Although too indefi-
nite for determination, they indicate that more careful search will yet pro-
cure the evidence needed for determining the age of these beds with cer-
tainty.

A very interesting instance of non-conformity between the Trias and
Carboniferous was seen a little north of this town. Fig. 111 shows this
non-conformity as it appeared at a distance of two or three miles. Later
experience and more careful examination of the weathered exposures along
monoclinal folds have had a tendency to throw doubt on this as a true case
of non-conformity, but I am still disposed to think that the-relation of the
beds was correctly seen.

The Carboniferous limestone, forming the Belleview Cliffs, a little south
~ of the line of this section, makes a twist, and the western edge dips rapidly
to the south, and soon assumes a nearly horizontal position, as seen in Fig.
112, one and a half miles farther south. It is soon after buried beneath the
Triassic rocks. )

Fig. 113 is a section half a mile south of the point represented in Fig.
112, and in Fig. 114, one mile farther, we find the Shinarump conglomer-
ates capping the cliff just east of Toquerville. If this be, as I believe it is,
a true case of non-conformity between the Trias and Carboniferous, it is
the only one of which I am aware, and deserves more careful study.

CARBONIFEROUS.

I have before stated that the plateau country south of the great line of
Trias cliffs is capped with rocks of Upper Carboniferous Age, but my work
southward ended at the base of the Trias, and only at a few places did I
enter the Carboniferous at all; so that no facts were gathered except in
regard to its geographical distribution.

About 2,000 feet of yellowish-gray limestone and sandstone, belonging
to these series, are revealed by the Hurricane fault, near Belleview, in
Southwestern Utah, as shown in Fig. 110.
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GEOLOGY.

A gray calcareous sandstone, probably
of Carboniferous Age, was seen at the base
of the Trias, between the Dirty Devil and
Escalante rivers, and a few other cases were
met with where the rocks were doubtfully
of Upper Carboniferous or Lower Triassic
Age. The whole crest of the Fort Defiance
anticlinal is so near the base of the Trias,
that a cafion anywhere, a few hundred feet
deep, would expose the Carboniferous.

The Zuni Mountains have a trend north-
west by southeast, and are an elongated
quaquaversal, from which all the rocks above
the Carboniferous have been denuded, but
the Trias and Cretaceous are seen in bold
cliffs facing the mountains on all sides, as
shown in Figs. 115 and 116. Here and in
the Fort Defiance anticlinal are two fine
illustrations of the more rapid denudation

- which results from an increase in elevation.

Fig. 115 is a section across the range at the
north and near Fort Wingate.* Fig. 116
shows a section twenty or twenty-five miles
farther southeast, while Fig. 117 is a section
at the southeastern extremity, where the ero-
sion has revealed the crystalline nucleus.
This nucleus, however, is probably only a
highly metamorphic condition of the Car-
boniferous rocks, and a very easy gradation
can be traced from red siliceous sandstone,
through sectile quartzite, still retaining some
of its red color, and showing small rounded

* A section of the western Zuni fold, twenty or twenty-five
miles to the north of this, is shown in Fig. 123
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crystals or crystalline grains of quartz, into rocks showing a less perfect
bedding, but more highly crystalline structure, which, with an increased
development of feldspar and mica, merges into a rock, that in selected
hand specimens no one could hesitate to call granite.

Immediately above these rocks are:
Feet.

/- Pink and red sandstone ...... ...t 500 or 600
e. Pink to gray limestone................ e e 75 to 100
d. Red sandstone again...........o it iiiiiiiiiiiiiiann e 50 to 100
¢. Blue to gray limestone...... ... ... ... i 100 to 150
b. Pale red sandstone ..... ... ... L. Cteeeae oo 150 to 200
a. Gray sandstone (%) limestone (%) ......... ... .. .. .. ... ll.Ll 150

Then comes an interval where no sedimentary beds are seen, and the
first rocks outside of this are Upper Trias. The nature and thickness of the
intervening beds were not determined, and unless it is admitted that the
crystalline rocks are of Carboniferous Age, the thickness of this formation
here is far below the minimum usually assigned to it in the west. The
most common fossil seen in these beds is the Productus costatus. Some speci-
mens of P. semireticulatus, Athyris subtilita, () and Bellerophon crassus (¥)
were also collected.

From a glance at the sections here given, it will be readily seen that the
main, if not the entire, elevation of this range was after the deposition of the
Cretaceous beds, which are now seen only at its base, but folded, as illus-
trated in Fig. 115, in such a manner as to show that they took part in the
uplift. In many places, however, erosion has progressed so far that no
folded Cretaceous rocks remain, (see Fig. 116, at the left,) and it will be
readily perceived that if the Cretaceous beds represented in Fig. 115 were
carried back a few hundred feet, or to the line, %, no evidence of their ever
lLiaving been folded would remain.

GENERAL SECTIONS.

A few general sections are added here to give the reader at a glance
some of the leading geological features of this country. The first, (Fig.
118,) crosses the Zuni Mountains, and runs in a southwestern direction to
Zuni, and shows the line of cliffs which extends northward to Fort Defiance,
and is the same (?) that is shown just east of the Fort in Fig. 121.
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Figs. 119, 120, 121, and 122 represent a continuous section running
from the Colorado River, a little below the mouth of the Paria, southeast to
the eastern of the Moquis towns, then nearly due east past Fort Defiance,
and then southeast again via Mount Taylor to the Rio Grande and Zandia

Mountains.

SECTION II.
FOLDS AND FAULTS.

The Colorado Plateau region is traversed by folds and faults having a
general north and south trend. Much the greater number of these belong
to the class called monoclinal or uniclinal folds, which, however, generally
are replaced by plain faults throughout parts of their courses. Compara-
tively few typical anticlinals are met with. The most important of these in
the region examined is the Fort Defiance anticlinal, which has a trend near
Fort Defiance, where crossed, a little east of north. I have no kn_ov{rledge
of its northern and southern limits. From the section of it in Figs. 120
and 121, it will be seen that there is a slight monoclinal on either side,
showing a combination of the two classes, which, as will presently be seen,
is not an uncommon occurrence. .

The Zuni Mountains, which have already been described, may perhaps
be considered more as anticlinal than monoclinal in character, and, in the
sequel, I shall have occasion to refer to two or three typical anticlinals which
were traced some distance in Utah: '

The valley of the Rio Grande marks the line of a fault having a down-
throw of many thousand feet to the west. In Fig. 122 is shown a section
of this as it is seen at the Zandia Mountains. In the same figure is a section
of a fault west of the Rio Puerco, where there is a drop of about 1,000 feet
to the east. This fault was crossed at only one place, but its course could
be traced to the north and south for several miles. The trend is north--
northwest. : '

The next great fault to the westward is the one forming the southwest-
ern and western boundary of the Zuni Mountains, of which several sections

have already been given, (see Figs 115 and 116.) This, at the farthest
Dws
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point north at which it was seen, was bearing about due north, and was
diminishing rapidly in force.

So far as I am aware, this is a -true monoclinal fold throughout its
entire course; but it combines with another monoclinal fold in such a man-
ner as to form an anticlinal or elongated quaquaversal throughout the
length of the Zuni range.

A section about eight miles north of Stinking Spring, which is at the
north end of Zuni range, is shown in Fig. 121. Fig. 123 is a section only

o-6

l
45-17

F16. 123.—Section of fold half a mile north of Stinking Spring, New Mexico ; 5-8, Cretaceou.s;
Trias; 13-17,18, Carboniferous.
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about half a mile north of the spring, where the erosion is much greater,
and its monoclinal character not quite so apparent.

The total displacement at this point is about 2,000 feet. This, as
before stated, decreases in amount toward the north; but twenty or twenty-
five miles to the south-southeast, near Nutria, the maximum is reached, and
the drop at that point must be at least 5,000 feet. About two miles west of
this the section crosses another small fold, with the downthrow of only 200
or 300 feet in the same direction.

Groing southward from Zuni, by different routes, Mr. Gilbert and I both
passed from horizontal beds of Lower Trias a few miles over an open
country to beds of Cretaceous Age.

The circumstances weére such that we were compelled to assume the
existence of a fault between the two exposures, but there was no evidence
then of its direction. Thirty miles to the east, however, I saw, afterward,
a fault trending westward, and with a throw to the south, and it is probable
that the two are identical. If this is so, the line of the fault is followed
very closely by a lava stream, which has run from the volcanic region lying
to the east to Deer Spring.
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West of the Fort Defiance anticlinal the country for a long distance is
remarkably free from disturbances of any kind, as may be seen from the.
section across the Colorado, (Figs. 119 and 120,) but just before reaching
the river it crosses a monoclinal fold, (the Paria fold,) with an easterly
downthrow. This fold crosses the Colorado at the mouth of the Paria, and
runs in a north-northwest direction to the Last Bluff, keeping a little to the
west of that point, and extending, apparently, but little farther in that direc-
tion. When last seen, the throw was only a few hundred feet, ‘and was
diminishing rapidly. A section south of the Last Bluff is shown in Fig.
109. The same fold keeps a south-southeast direction from the Colorado
River to the Little Colorado, and follows that stream for a long distance.
A partial section of it near Big Dry Fork is given by Dr. Newberry in
Ives’s Report, page 77. This pointis over two hundred miles from the Last
Bluff, but how much farther the fold may continue, I know not. Mr. Mar-
vine crossed it fifteen or twenty miles farther to the southeast in 1871, and
gives a section as seen by him in Plate IV of this volume. This section,
like the one given by Dr. Newberry, would show the true character of the
fold better if continued a little farther. This is a more recent fold than the
Eastern Kaibab, as is shown by its crossing and displacing the latter on the
East Fork of the Paria.

The Eastern Kaibab fault follows the eastern side of the Kaibab Plateau,
and northward from Paria bears a little to the east. It was last seen a few
. miles to the east of the Last Bluff, and evidently does not extend much
farther in that direction. Its drop at Paria is not far from 3,500 feet.

About twenty miles to the west of Paria there is a small fault with the
drop to the west. This is probably the continuation of the western Kaibab
fault.

Between the Last Bluff and the Henry Mountains the rocks are folded
and thrown into waves on a greater scale than elsewhere seen. This exces-
sive corrugation is especially shown in Figs. 129 and 130. East of Thou-
sand Lake Mountain, which is a lava capped mesa butte, is a monoclinal
fold, which shows as a fault in some parts of its course, with the drop to the
west. And two are so near each other, that they might, taken together, be
called an anticlinal with a flattened top. A section of this mountain is
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represented in Fig. 124, and the eastern and western folds are designated by
the letters A and B in this and the following sections, (Figs. 124 to 130,
inclusive.)

The eastern fold, A, trends south-southeast, keeping an approximately
straight course for one hundred miles to the Colorado River and Navajo
Mountain. The other, as may be seen from the sections, is very irregular.
The lines A A and B B, in Fig. 131, represent the courses of the two folds,
and illustrate this point still better. The points at which the different sec-
tions cross the folds is shown in the same figure.

The fold B approaches the fold A in one place so closely, that the two
form a perfect anticlinal, (see I'ig. 127.) It spreads out rapidly again to the
southward, and soon afterward flattens out and disappears.

To the west of this is a typical anticlical, of which C, in Fig. 128, shows
a section; as it is seen at the southern end of the Aquarius Plateau. It
trends to the southeast, but does not run far before the eastern side begins
to flatten out, as seen in Fig. 129, and finally, as it nears the fold A, the
whole anticlinal gradually spreads out and disappears, leaving a gentle slope
to the west of 3° or 4°, as shown in Fig. 130.

What becomes of this fold to the northward is not certainly known,
but from the facts obtained I am strongly led to suspect that it continues in
a northwest direction to Grass Valley, and then turning to the northward,
probably as a plain fault, forms the cliffs on the east side of that valley.
From this point its course is more plainly marked, as it keeps on past Moo-
se-me-ah Peak, up the eastern side of Sam Pitch Valley, and across Soldiers’
and North Forks, where it becomes anticlinal in caharcter, and greatly dimin-
ished in force. Beyond this point it has not been traced. The appearance
of this fold along the lower end of Sam Pitch Valley, and south as far as
Salina, is very peculiar. Fig. 182 represents a section of it as it appears at
Moo-se-me-ah Peak. Instead of a plain fault or monoclinal fold, is seen a
curious compromise of the two.

Going west from the fold C, near the mouth of Birch Creek to the Last
Bluff, two other folds are crossed. The first of these, D, Fig. 129, is a mon-
oclinal, with a throw of a few hundred feet only to the west. Irom this fold
the beds rise at an angle of from 2° to 4° to the west-southwest, until the
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point E is reached, when they dip suddenly to the west again, at an angle
as high in some places as 30°.  After dropping about 1,500 feet, they assume
a nearly horizontal position, and apparently continue to the Last Bluff with
no further disturbance. These folds are both monoclinals, although from the

summit of each the beds dip, at a low angle to the east. The dip,
as we have seen in the case of the fold E, is 2° to 4°, and some
might prefer to call it an anticlinal, with the angle of dip on one-
side 25° or 30°, while that of the other is only from 2° to 4°.

This fold was crossed six miles to the north-northwest, where
the throw was considerably less, and the highest angle of dip
about 13°.

To the southward neither of these folds were crossed, but
were traced for twenty or thirty miles; and another approximate
section of them is given in Fig. 130.

The next folds to the westward are the Paria and Eastern
Kaibab, sections of which are given in the same figure, just a
little south of their point of intersection, where the combined
throw of the two folds is about 4,000 feet.

It will be observed that 1,000, or more, feet of Lower Ter-
tiary rocks are preserved in the shelter of the synclinal between
these two folds, and those to the eastward, D and E.

To the east of the fold A, and lying between it and the
Henry Mountains, there is another deep, broad synclinal,as
shown in Figs. 125,126, and 127.

From a point a few miles north of Thousand Lake Mount-
ain, a large anticlinal was seen bearing off to the north-northeast.
This could be traced in the distance for fifty miles, without show-
ing any diminution in force. What becomes of this fold and the
folds A and B when they meet to the northwest of Thousand
Lake Mountain is not known. A section about thirty-five miles
north-northeast of this point is given in Fig. 132.

The occurrence of the Jurassic along the eastern side of the
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lower ends of Sam Pitch and Sevier Valleys, as shown in this figure, is a

curious phenomenon.

The only explanation to suggest is, that at the point 2 there has been
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a drop, similar to those at y and 2, deep enough to expose the Jurassic beds,
which seem never to have been covered very deeply at this point, as the
Cretaceous and Lower Tertiary are apparently absent at this locality. A
little north of Salina we find the upper beds of
the Tertiary series lying outside and apparently

I

S

immediately above the Jurassic. Fig. 133 is an
approximate section from this point to Moo-see-
ne-ah Peak.

The Jurassic is much corrugated, and prob-
ably existed as islands or high hills during the

——> ENE.

Fi16. 133.—Section from near Salina, Utah, to Mos-se-ne-ah Peak. a, Tetiary limestone; ¢, Jurassic shales.

Moo-se=1p—alr.

deposition of the Cretaceous and Lower Tertiary
beds.
The Salt Mountains, south of Salina, were

Virgin. River

not visited, but enough was seen to show that
they are formed of the same Jurassic rocks,
hich probably have not been covered by the
retaceous or Tertiary. '

Southward from Glencove, past Monroe,
and all the way up the east side of the Sevier
Valley is a fault with the throw to the west.
& This has been traced nearly to the Colorado
River. To thenorthward it has been traced but
a short distance beyond Glencove, and it is pos-
sible that it soon disappears, as the amount of
drop was seen to diminish rapidly from a point
a few miles north of Monroe.

West of the Sevier fault is another, with
the downthrow likewise to the west. This runs
along the western edge of Pahvant, Beaver, and
Parowan ranges, past Kanara and Belleview, to
| Toquerville. A section of this fault north of To-

s querville is shown in Figs. 110, 111, and 112.
Fig. 110 also shows a section of an anticlinal which was crossed at only this
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S d
F1G. 134.—Section of anticlinal near Washington, Utah. a, Trias, (Nor. 13, 14:) b, Trias, (No. 15; ¢, Trias, (No.16;)

one ‘point, and of which nothing more is known. Another small anticlinal,
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having a north-northeast trend, was crossed on the Rio Virgen, a few miles
north of Washington. Fig. 134 is a section at this point. The little anti-
clinal showing in Figs. 112, 113, and 114 is probably the northern extremity
of this same fold. Its course to the southward beyond Washington is not
known, but a little below this point an anticlinal was seen by Mr. Thomp-
son, bearing to the southeast, and it may be the same fold, with a chdnge in
the trend.

A few other folds and faults were met with, but they are either too
small in amount, or too little is known in regard to them to deserve mention

in this connection.

SECTION III.
VOLCANIC ROCKS.

The distribution of the volcanic rocks will be shown on the geological
maps, and I shall attempt to add but little to the information there given.
Thirty-five or forty miles southwest of Mount Taylor, in New Mexico,
is the center of an ancient volcanic region, from which large streams of lava
have been sent out in all directions. One of these runs nearly due west to

Deer Spring, a distance of fully fifty miles.
Another of nearly equal length runs northwest to Pescado Spring, and

then, according to Mr. Marcou, west to Zuni. And still another, somewhat
more recent than the others, runs north-northeast, past the south end of the
Zuni Mountains, to the Rio San José, and down that stream for six or eight
miles. This latter is the one described by Dr. Newberry in Ives’s Report,
page 97. _

The valley between Inscription Rock and the Zuni Mountains has been
flooded from the same source.

This region is covered with great numbers of ancient cinder cones.
The largest of the group was climbed, and found to be 800 feet high. Its
form is still that of a nearly perfect crater, although so ancient that pine
trees 12 and 14 inches in diameter are growing on it. At the north end of
the group, near the Zuni Mountains, are some craters of much more recent
formation.
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Eight or ten miles south of the large crater are two prominent buttes,
which were evidently formed by massive basaltic eruptions. Ten miles to
the south of these a dike was crossed, 10 to 15 feet thick, with a north and
south trend, and this has afforded so great a protection to the adjoining
sandstone, that a ridge 200 to 300 feet high has survived the denudation of
the surrounding country. B

The large mesa southeast of Zuni Mountains, Mesa de Acoma, is capped
with 100 or 200 feet of dark volcanic rock, probably basalt, the same as the
Mount Taylor mesa to the north of it. This latter mesa is capped with
from 100 to 400 feet of dark, massive olivine basalt, which extends south
and southwest of Mount Taylor eight to ten miles, and to the east and
northeast twelve to fifteen miles. This rests, non-conformably, not only
upon the Cretaceous beds of the mesa, put upon the trachyte of Mount
Taylor proper, as shown in Fig. 122. The source of the basalt was not
discovered, but from the fact that its greatest thickness is near Mount Tay-
lor, from which it thins out in all directions, it seems probable that it found
exit somewhere near the base of that mountain.

The rock forming the main mountain we have called trachyte, but it is a
somewhat peculiar lava, holding an intermediate position between trachyte
and basalt, both lithologically and geologically. It is usually of a dark or
reddish-brown color, and greatly resembles basalt in its habit, but in its
texture and mineral composition resembles trachyte much more closely than
basalt or rhyolite, and we have used the term trachyte when speaking of it.

Two or three miles north of Covero is a basaltic butte, and four or
five miles north of Moquino are two others. Six or eight miles farther to
the northeast a line of similar buttes commences, and bears in a north-
northeast direction to the Cabezon, which forms one of the line. These
buttes are all massive basaltic eruptions. The fact that they are in line
indicates a continuous dike, and the buttes mark points of eruption along
its course.

In this connection I would add, that a dike 10 feet in width was seen
directly in the line of these buttes, about two miles southwest of Moquino,
and it is perhaps also worthy of note that this same line, continued to the
southwest, would intersect the volcanic region south of Zuni Mountains.
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Forty miles southwest of this latter region are a number of cinder cones,
and basaltic lava covers nearly all the country between them and the Esca-
dillo Mountain. The only other volcanic rocks encountered by us in the
Plateau region of New Mexico are some sheets of basalt, along the valley of
the Rio Grande, which have been described by Mr. Marcou, (Geology of
North America, page 22,) and some basaltic buttes, near Fort Defiance, men-
tioned by Dr. Newberry, on page 92 of Ives’s Report.

In Arizona, at Moencopie, we saw a dike with a north and south trend,
and fifteen miles to the northward a cinder cone, and to the westward two
others. Between this point and the volcanic peak of San Francisco Mount-
ain great numbers of ancient craters were seen.

Attention has already been called to the fact that the high Plateau region
of Utah, south of Salina Cafion, is almost entirely covered with volcanic rock.
This is inr the main trachytic, and lies conformable to the sedimentary beds
below, over which it was spread before the disturbances referred to in the
last section. The thickness reached in some places, on what is called the
Sevier range, cannot be less than 1,500 feet, while on the Thousand Lake
Mountain and Aquarius Plateau it is from 100 to 300 or 400 feet, and is
the same variety of trachyte as that which occurs at Mount Taylor, in New
Mexico.

Since these sheets of trachyte were poured out, and the folding had
been carried to considerable extent, or completed, other eruptions have oc-
curred, one of which, a massive eruption of basalt, has built a peak north
of Fish Lake, and just east of Summit Valley, 11,575 feet high.

There are a number of comparatively recent cinder cones south and
east of Toquerville, and on the southern slope of Pine Valley Mountain.
Another group of craters was seen by Mr. Gilbert on the plateau north of
Toquerville, and this extends nearly as far north as Parowan. But to the
north and east of this point the entire absence of craters is very noticeable.
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SECTION 1V.
" GLACIAL PHENOMENA.

The most important and clearly-marked evidence of glacial action met
with is at Fish Lake, in Central Utah. This lake has an altitude above
sea-level of 8,830 feet, and is located in a narrow north-and-south valley
about one mile in width. The volcanic ridge to the east rises 500 to 800
feet above the lake, while the volcanic-capped mesa on the west has an
elevation fully double this. And the snow which lingers on its summit late
into the summer is the source of the water-supply for the lake.

The lake-basin is caused by the terminal moraine of a former glacier,
which stretches across the valley, making a dam 30 or 40 feet high. Another
moraine of equal or greater altitude stretches across the valley at the south
end of the lake, making another basin, where, however, the water accumu-
lating is only sufficient to form a marsh. Between these two moraines, and
below the first, are several remnants of other moraines, which doubtless
also once stretched from ridge to ridge.

Some volcanic bowlders were seen, bearing upon their surfaces un-
doubted glacial scratches. ‘

Running along the shore of the broader, shallower portion of the lake,

Lake Level. on the southwest, is a ridge formed

/ / / , / 777777 of heterogeneous materials, and hav-

Fia. 135.—Section showi;lg raised beach around lng a uniform height of 3 to 4 feet,

Fish Lake, Utah. (see Fig. 185.) 'This is believed also

to be the work of ice. During the cold winters at this high elevation, the

shallower portions of the lake, at least, must become one solid mass of ice,

which, under the influence of heat and cold, expands, pushing the loose

material before it, up the easy-sloping shore, so as to form the ridge as
described.

The evidences of glacial action, on a small scale, are to be seen in
many places in this high plateau region. Moraines and remnants of mo-
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raines were seen in Summit Valley, north of Fish Lake, and many of the
lakelets on Thousand Lake Mountain are glacial.

Twelve or fifteen miles to the northward, on the same mesa ridge,
another lakelet of the same character was seen, and the high valley to the
west contains some very well marked terminal and lateral moraines.

On the high plateau ridge west of Grass Valley, called the Sevier range,
other glacial lakelets were seen.

In many cases the work has been performed on so small a scale that
it is doubtful whether it should be referred to a glacier or a snow-bank, and
if a distinction is made, much of it must be credited to the latter. -
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University, NEw YORK, June 8, 1874.

Sir: I have the honor to submit herewith a report upon observations
made in Colorado during the season of 1873.

~ As the main object of the exploration was to obtain material for a topo-
graphical atlas, and the area was large, it was found necessary to move with
such rapidity that detailed work in geology could not be performed. Under
the circumstances the duties of the geologist were the more arduous, as,
unlike the mountains of Utah and Nevada, the region examined during 1873
is for the most part densely wooded on the slopes to an altitude of from
10,000 to 12,000 feet. At the same time 1 trust that the accompanying
report will be found, as far as it goes, an acceptable contribution toward
the elucidation of the general structure of the region.

I am under obligation to Mr. J. J. Young, the excellent topographer of
the party, for many favors. The illustrations are from sketches made by
him in the field, and afterward drawn on the wood by him. To Lieutenant
Marshall, who commanded the party, I am indebted because of his constant
endeavor to aid me.

Very respectfully, your obedient servant,
JNo. J. STEVENSON.

Lieut. G. M. WHEELER,

Corps of Engineers, in Charge.
20w s
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CHAPTER X.

GENERAL PHYSICAL FEATURES.

SeocTioN I.—TOPOGRAPHY.
SECTION II.—CLIMATE AND AGRICULTURAL RESOTRCES.

SECTION 1.
TOPOGRAPHY.

The area examined during the season of 1873 is embraced between the
meridians of 105° and 107° west from Greenwich, and between north lati-
tude 39° 45 and the southern boundary of Colorado, giving a length of one
hundred and ninety miles, and a breadth of about one hundred and six.
Besides this rectangle there was explored a smaller one at the west, reach-
ing almost to west longitude 108°, and extending from the southern bound-
ary of Colorado, northward to the Rio Grande. The number of square
miles included in the whole area is not far from twenty-two thousand, of
which barely three thousand were not visited or examined to some extent
by the main division of the party.

Excepting only a narrow strip, reaching ten to fifteen miles west from
the one hundred and fifth meridian, and the plains known as South Park
and San Luis Valley, the whole region covered by our observations is
mountainous, exhibiting, perhaps, the grandest development of the Rocky
Mountains to be found within the United States. The ranges are more
massive, more sharply defined, and the average elevation is much greater
than in any other portion of the chain.

The district thus brought under our notice includes portions of five

Note.—The altitudes given were obtained by the field parties under the charge of Lieutenant Mar-
shall, Corps of Engineers, from barometric observations computed at the office of the survey in Wash-
ington, D. C.
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great drainage areas, whose chief rivers, with one exception, find their
source within it. These are the South Platte area, the Arkansas area, the
Rio Grande area, the San Juan area, and the area of the Grand and Gunni-
son. The first three are east from the great water-shed, and are drained into
the Gulf of Mexico, while the other two are merely portions of the widely
extended area of the Colorado River, which empties finally into the Gulf of
California.

The area of the South Platte occupies the northeastern part of our dis-
trict, embracing South Park, Clear Creek County, and the plains east from
the mountains as far as, say, fifty miles south from Denver. The Arkansas
area is irregular in outline. Its upper portion, which is exceedingly nar-
row, lies directly west from South Park; the next division lies directly
south from the Park, and extends for more than fifty miles in a north and
south line ; the third division lies east from the mountains, and reaches south-
ward to beyond the southern boundary of Colorado. Of the Great Rio
Grande area but little lies within our borders. From the head of the river,
a narrow caifion, opening here and there into insignificant parks, extends
for about eighty miles, in a rudely east and west direction, like an enormous
tongue separating the San Juan from the Grand and Gunnison. At the
mouth of the cafion we have the extensive park of San Luis Valley, em-
bracing the counties of Costilla and Saguache, with a portion of Conejos,
and reaching far beyond the Colorado border into New Mexico. This area
lies west and south from that of the Arkansas. Still less of the San Juan
area comes under our notice, as the greater portion of it is in New Mexico,
or in Colorado, beyond our extreme western limit. It occupies the south-
west corner of our district, embracing the most of Conejos County. The
Grand and Gunnison area is of enormous extent, embracing all the north-
western portion of Colorado, but not more than nine thousand square miles
fall within our limits. To the geologist this region will prove most inter-
esting, owing to the strangely complicated stratification. A thorough study
of this area will afford the solution of many perplexing problems in dynami-
cal geology.

TrE D1vioes.—The Main Divide—Of the numerous divides, the great
water-shed between the Atlantic and Pacific first claims our attention.
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Beginning at our northern line, about forty-four miles west from Den-
ver, its trend is south and west of southwest to the head of Tennessee Creek,
the West Fork of the Arkansas describing a curve, whose convexity is toward
the southeast. From the head of Tennessee Creek, the course is east of
south to the head of the South Arkansas River, a distance of sixty-nine
miles. Thence the direction is rudely” south of southwest to the cafion of
the Rio Grande, about thirty miles above its mouth. There it bends abruptly
westward to the head of that river, about fifty miles, to 107° 30" west longi-
tude, where it turns sharply upon itself and follows an easterly course for
fifty miles. These two divisions form the walls of the great cafion of the
Rio Grande. At the head of the South Fork of the Rio Grande it takes a
southerly direction, which it maintains until it crosses the line into New
Mexico, after which the course is changed to south of southwest. The
divide then is made up of six divisions, well marked by variation in the
trend. As a whole, this main divide, though not coinciding with the geo-
logical arrangement of the axes, is the most imposing portion of our mount-
ain series. Its greatest development is seen in the first two divisions and
in the fourth and fifth, the third and sixth being of comparative insignifi-
cance, owing, however, only to the gigantic dimensions of the others.

Near the northern extremity of the first division, as included in our
district, are seen the T'win Peaks of Gray and Torrey, both reaching to a
height of more than 14,000 feet, and distinguishable for many miles. South-
ward from these are numerous peaks without fixed names, whose synonymy
would fill a page. Near the extreme eastern projection of this curved divis-
ion is a massive group, in the vicinity of Evans and Rosalia Peaks, which
are among the highest yet measured. These rise nearly 3,000 feet above
the timber-line, and retain throughout the year immense masses of snow.
Following the ridge westward, we reach Gilpin’s Pillars. These twin
mountains, whose altitude is about 13,500 feet, are enormous knife-edges,
with smoothly planed abrupt slopes on the west, but jagged and torn by
huge chasms on the east. Viewed from the south, their resemblance to
each other is not striking, but their northern presentation is such that, seen
separately, it would be hard to determine which one is under observation.
Farther westward is Mount Moxrton, locally known as “ Silverheels,” similar
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in outline to those just mentioned, and having an elongate crest running
rudely northeast and southwest. Its eastern slope is scarred by an immense
excavation, which always contains more or less snow. This peak has an
altitude of 14,044 feet. A few miles farther west is Mount Lincoln, with
its mate, Mount Bross, together an enormous, almost characterless mass,
reaching to 14,300 feet above the sea. It is almost wholly separated from
the main divide by immense gorges, in which rise the South Platte, Arkan-
sas, and Blue Rivers. The main divide here is a narrow precipitous wall,
so narrow, indeed, that, standing on its crest, one might with equal case
throw a stone into the waters of the Pacific or into those of the Atlantic
slope. )

The passes of this division are by no means devoid of interest. At the
extreme north is Berthoud’s Pass, leading from Clear Creek into Middle
Park ; a pass of comparatively easy grade, and the main line of travel over
the range to the park. It has been supposed by many that a narrow-gauge
railway might be constructed by this route, but the grade is too sharp to
admit of it without extraordinary outlay. The ‘“Argentine,” or “Grizzly
Bear,” Pass leads from Georgetown to the Peru Fork of Snake River, and
crosses the range in a saddle between Gray’s Peak and the McClellan
Mountain. The approaches are -very difficult on each side, and the summit,
which is at an altitude of 13,283 feet, is exceedingly narrow. This pass is
~ choked with snow for from five to seven months each year, and is little
used, except for passage of pack animals. A wagon-road has been con-
structed, but, notwithstanding its numerous windings, is so steep as to be
almost unavailable. A similar pass exists near Montezuma, at the head of
the other fork of Snake River. '

The old Georgia, or Jefferson Pass, from Buffalo Flats, on Swan River,
a tributary of the Blue, to the town of Jefferson, and thence to South Park,
leads across the divide east from the easterly one of Gilpin’s Pillars. Until
within half a mile of the summit, the approach from the Blue River side is
very gradual, but beyond that it is abrupt. On the other side, the grade
is equally abrupt near the summit, but diminishes rapidly below, and near
the opening into the park is comparatively slight. The altitude of the sum-
mit is 11,776 feet. '
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It is a narrow trough between high peaks, and is apt to choke with snow,
so that it may remain closed for seven or eight months in the year. Though
formerly used as a wagon-road, it has been little traveled since the town of
Jefferson was deserted. Adjoining it is the Frenchman’s or French Gulch

Pass, reaching over 12,000 feet. Like the last, it remains closed until late
in the summer, and is no longer used.

The Hamilton Pass, between Gilpin’s Pillars and Mount Morton, leads
from Hamilton, in South Park, to Breckenridge, on the Blue, and is the
regular road for stage-coaches. Though nearly as high as the Georgia
Pass, it is much more available, as the grade throughout is quite easy, and
the broad, open summit permits early melting of the snow. Indeed, there
is no reason why this pass should not be kept open during the whole year
without serious difficulty. As matters now stand, it is the best in the
region.

The Hoosier Pass, crossing from Breckenridge to Montgomery, on the
headwaters of the South Platte, is, however, the one most likely to prove
available for all purposes, though the present direction of the wagon-road is
contradictory to any such conclusion. From Breckenridge, the road follows
the Blue to near its source, when, turning off somewhat sharply, it ascends
the mountain with an unnecessarily abrupt grade. The summit, which has
an altitude of 11,600 feet, lies between Mounts Lincoln and Quandary on
the one side and Mount Morton on the other, three of the grandest peaks in
the whole Rocky Mountain chain. On the Platte side the road descends
with painful grade to the now almost deserted village of Montgomery.
This direction was chosen from necessity, as, when the road was constructed,
Montgomery was an important center of mining operations. A much better,
though somewhat longer, route would be to carry the road along the east-
erly side of the cafion from the summit to Fairplay, about eleven miles
away. The grade then would be little more than 100 feet per mile.
An equally favorable grade can be obtained on the Blue River side, at com-
paratively small expense. Under such conditions, the pass would be avail-
able for railroad purposes. :

The Arkansas Pass leads from the head of the Arkansas to the head of
Ten-Mile Creek, a tributary of the Blue. On the southerly side the ap-
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proach is very gradual, and a wagon-road could be constructed without dif-
ficulty and at little expense. The summit has an elevation of only 11,500
feet, and, if necessary, could be kept open during the winter. It is doubtful
whether the descent on the opposite side can be utilized, as the drainage is
exceedingly bad, inducing a marsh which stretches entirely across the sum-
mit and extends for miles down the stream, involving the hill-sides, and ren-
dering passage hard even for pack-animals.

The second section of the divide, beginning at the head of Tennessee
Creck, separates the waters of the Grand and Gunnison Rivers from those
of the Arkansas. It is by far the finest portion of the divide. Standing on
the west side of the Arkansas River for sixty miles, an unbroken wall of
magnificent mountains, deeply cut, with harsh, rugged outlines, and reach-
ing far above timber-line, its naked peaks fully equal one’s ideal of the
Rocky Mountains. It shows no airy pinnacles, no slender needles orna-
menting its crest; everywhere it is massive; imposing because of bulk, and
not because of eccentric outline. The average height of the whole division
falls little below 13,000 feet, and few of the peaks are less than 13,500,
while many reach even to 14,000. At the head of Tennessee Creek is the
Homestake group, 13,000 feet high, with a remarkable series of glacial
cavities on the eastern slope, and a similar series scarcely less wonderful on
the western side. South from this in close succession are Massive Mount-
ain, Mounts Elbert, Harvard, Yale, Pisgah, and Usher, and Hunt’s Peak,
with many other peaks of almost equal importance, but still unnamed. The
only depression falling below 12,000 feet, and extending for any consider-
able distance, is at Colorado Gulch, about ten miles south from the head of
Tennessee Creek. No similar break occurs elsewhere in the whole division.

The passes are few, and, with the exception of that near the head of
Tennessee Creek, are wholly unworthy of the name. The Tennessee Pass
belongs, indeed, properly to the first division, but for the sake of conven-
ience is described in connection with the second. It crosses the divide at
the head of a small tributary of Tennessee, and leads to the Eagle River, a
tributary of the Grand. It is low, barely 10,681 feet at the summit, where
it is covered by a dense forest of pine and spruce. The approach from the
Arkansas is exceedingly gradual, and the summit is broad and easily
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drained. On the Eagle the grade is somewhat sharper for a short distance,
but can be overcome with little difficulty. The natural drainage on this
side is more imperfect than on the other, and can be remedied only by care-
ful working. The low elevation of this pass and the ease of its approaches
have made it a favorite with railroad engineers. Its main drawback is, that
the region of the Upper Arkansas, for fifteen miles below the pass, is com-
pletely closed by snow early in the winter, and so remains until late in
spring.

Trails cross the divide at the heads of Lake, Cottonwood, and Chalk,
as well as of several other crecks. These can hardly be called passes.
They owe their origin to mountain sheep, and have been used to some ex-
tent by the Indians. At the three localities given above, one can cross
without much risk to life and limbs, and, this being possible at few points in
this division, they are regarded by prospectors and explorers as quite feas-
ible passes. The crossing at Lake Creek is reached with some difficulty
through a bad morass on the Arkansas side, and is so abrupt near the sum-
mit that a pack-mule with a light load can climb it only by painful effort.
On the opposite side it leads, with a grade almost impracticable for horse
and rider, to a tributary of Tayloi' River, the chief fork of the Gunnison.
The trail is so difficult and abrupt that to construct a wagon-road seems
almost impossible. At the summit, which has an elevation of 12,237 feet,
the divide is exceedingly narrow. The source of Lake Creek is a little
pond, with, in August, an area of about fifty square yards, which is sepa-
rated by a wall of rock, about 5 feet high and 20 feet wide, from a similar
pond which is drained into Taylor River. It is quite probable that these
ponds, greatly enlarged by the melting of the snows, communicate with
each other during June by means of numerous fissures in the rockywall which
separates them. The so-called passes of Chalk and Cottonwood creeks are
wholly undeserving of notice, being almost impracticable for foot-passen-
gers. The summit of the Cottonwood trail is nearly 13,000 feet above the
sea, and that at the head of Chalk Creek but little superior to it.

The third division consists of irregular, comparatively low mountains,
seldom attaining an altitude of more than 12,000 feet. It separates the
waters of the Gunnison from those of San Luis Lake or Swamp, which in
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a previous epoch was undoubtedly connected with the Rio Grande. This
portion of the divide, as seen from the west, shows an cvenness of crest,
quite remarkable in the Rocky Mountains, and reminds one of the Appala-
chian ridges in the Alleghany division. The mountains may be crossed
without much difficulty at many points, but the only pass employed is the
Cochetopa, leading from a tributary of Saguache Creek to Pass Creek,
which empties into the Gunnison River, through Cochetopa and Tomidgee
Creeks. It is very low, having an altitude at the summit of little more than
10,000 feet, and is open throughout the yecar. The approaches are exceed-
ingly gradual, there being abrupt grades in no part, and in this respect it is
superior to any pass yet referred to. Except the Hoosier and Hamilton, it
is the only pass with easy grade really available for a wagon-road, as it
reaches into an extensive district of open country, practicable for wagons.
Through this pass the Gunnison wagon-road was run in the year 1853.
The fourth division extends westward as the north wall of the Rio
Grande Cafion, and as a divide is very narrow. Until near the head of the
river the crest is quite regular, much torn by erosion, but easily accessible
at very many localities from the north side. Its altitude is very great, there
being at the head of Cochetopa and Lime Creeks a group of high peaks,
among which a rounded knob with an elongate summit reaches to 13,700
feet, and others more peaked, farther west, reach 14,000 feet, while at the
head of the Rio Grande, Middle Fork, there are several jagged peaks rising
to an altitude of not less than 13,500 feet, and to the north and south some
miles, groups reaching 14,000 feet. As by far the greater portion of this
division lies within the Indian reservation, no passes other than trails exist.
There is, however, a well-marked Indian trail leading from the agency
across the divide to Antelope Park, on the Rio Grande, fifty miles above
the city of Del Norte, situated at the mouth of the cafion. This is not diffi-
cult for pack-animals, and was formerly an important trail leading from the
Gunnison River to the Rio los Pinos and the Pagosa Hot Spring in the San
Juan area. At the head of the Rio Grande, Middle Fork, and at the end of
this division, is the wagon-road pass now followed to the San Juan mining
district. The summit has an altitude of 12,400 feet, rendering this one of
the highest passes in the Rocky Mountains. Indeed, nothing but dire
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necessity leads to its use, for it is closed by snow from the beginning of
November until late in June. TFrom the Rio Grande it is reached by very
difficult approaches, continuing for several miles; so difficult that, if one
may judge from the numerous wrecks by the way, they are almost impracti-
cable for wagons. On the western slope, leading to the Rio de las Animas,
a tributary of the Rio San Juan, the condition is still worse, for the road
descends more than 2,000 feet witbin one mile from the summit. Wagons
are let down by ropes wound around the trees. Notwithstanding these
serious drawbacks this pass will probably be used as long as the mines can
be made attractive, as it is many miles more direct than any other route
from Del Norte, the immediate point of supply.

The fifth division forms the southern wall of the Rio Grande Cafion,
and in all respects resembles the last. It is exceedingly abrupt on the face
toward the river, but has more gradual slopes southward. The only trails
across it are a continuation of the one already mentioned as leading from
the Indian agency to the Rio los Pinos and the Pagosa Springs, which being
over a comparatively low pass, has been found available for pack-animals,
and has been employed by trains going to Animas Park on the river of the
same name, and another almost in disuse, leading from the Upper San Juan
to the South Fork of the Rio Grande.

The fifth division merges into the sixth, which, beginning near the head
of the so-called South Fork of the Rio Grande, follows an irregular south
or west of south course to the line of New Mexico, where it turns to south
of southwest. For a considerable distance, indeed to near the New Mexico
line, it coincides with the mountains called the San Juan, and separates the
waters of the San Juan River from those of the Rio Grande. Beyond that
line it is lower, and separates the Rio Chama, a tributary of the Rio Grande,
flowing on the west side of the San Juan Mountains, from the Rito Navajo,
an important tributary of the Rio San Juan. At the north, it reaches to a
great altitude, and is very rugged in its western slopes, but followed south-
ward it diminishes in importance, breaking down into table-land as it crosses
the line into New Mexico

Within the limits of Colorado there are no true passes over this por-
tion of the divide. The mountains have been crossed from San Luis Valley



316 GEOLOGY.

" to the headwaters of the Rio San Juan, but only once, the difficulty being
so great as to prevent repetition of the attempt. In New Mexico, not far
beyond the line, an excellent pass leads from the Rio Chama to the Laguna
de los Caballos, and is known as Horse Lake Pass. Itis very low, and the
grade is almost imperceptible. It is crossed by the old wagon-road leading
from Animas Park to Abiquiu, N. Mex., which coincides mainly with the
homeward trail of Capt. J. N. Macomb, Corps of Topographical Engineers, in
his expedition of 1859.

" Divide between the Arkansas and the South Platte—This divide is very
narrow and in many portions quite intricate. Beginning near Mount Lin-
coln it follows a southerly course to the summit of Trout Creek Pass, a dis-
tance of twenty-eight miles, beyond which it is deflected eastward, and
has a south of east, then east, trend until it passes beyond our eastern limit
upon the plains.

The first division forms the western boundary of South Park. The
~ general slope toward the park is quite regular, but the numerous streams
tlowing into the South Platte have their sources in huge cul-de-sacs near the
central line of the divide. On the Arkansas side the slope is abrupt. At
the north, the crest is quite irregular, with several sharp peaks rising far
above timber-line. Mounts Mary and Sheridan are rude cones, with an alti-
tude of 13,900 and 13,850 feet, respectively, while in the immediate vicinity
are Goat Peak, 14,100 feet, and Fourth-of-July Mountain, 13,600 feet.
Southward from these the crest is quite even until it reaches Buffalo Peak,
its altitude being about 13,000 feet. Buffalo Peak consists of two great
humps, 13,329 feet high, dome-shaped as seen from South Park, but having
on the northern side an enormous gash, with walls almost vertical and rising
2,500 feet from the bottom. Though quite regular in outline, its ascent is
much more difficult than that of many of the more rugged peaks on the
other side of the Arkansas.

The passes over this division are quite numerous. Mosquito Pass
ascends the ridge from a deserted village of-that name and reaches the
Arkansas water, near Oro City, at the head of California Gulch. Itis of

little value, and is seldom used, as its grades are difficult even for pack-.

animals lightly loaded. Its altitude at the summit is 13,308 feet. The
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ordinary route of communication between South Park and the Upper
Arkansas is via the Stony Point or South Fork Pass, over which a good
wagon-road has been constructed. From the east, it is reached by a com-
paratively easy grade along the South Fork of the Platte, through a romantic
cafion, but the descent on the Arkansas side is very rapid. The summit,
with an altitude of 12,108 feet, is closed ordinarily for several months, but
that it can be kept open throughout the year was proved in the early days,
when ten thousand men were engaged in gold-washing at California and
Colorado gulches, on the Arkansas. The best pass is the Trout Creek Pass,
which leads from the Arkansas up Trout Creek to its head, and descends
thence into South Park, entering it not far from the Salt Works. The
grade throughout is very easy, and the altitude at the summit is only 9,612
feet. It is an excellent wagon-road pass, and may yet be utilized for rail-
road purposes.

The second division begins a few miles south from Trout Creek Pass
and extends to the main easterly range of the Rocky Mountains. It is the
southern boundary of South Park, and so irregular in direction as to be
defined only with much difficulty. It consists of low, rounded or rudely
conical hills, seldom reaching to timber-line, yet ordinarily bare of trees,
with numerous little areas of undulating surface called parks. Through
these, the tributaries of the Platte and Arkansas wind about in the most
perplexing manner. No peak in this portion of the divide attains consider-
able height, though two of them are very conspicuous, owing to the low
altitude of their surroundings. Basalt Peak, between Thirty-one-Mile
Creek, Buffalo Slough, and Badger Creek, is a curiously eroded hill, a frag-
ment of the great sheet of eruptive rock formerly covering the entire region.
In shape, it is an inclined plane, sloping westward, but with precipitous
sides toward other points. It is over 11,000 feet high, and is a topographi-
cal station of much value. Thirty-nine-Mile Mountain, at the head of Cur-
rant Creek, a tributary of the Arkansas, is a cumbrous mass of trachytes
and volcanic breccias, whosé altitude was not determined.

Across this divide is a wagon-road leading from the South Platte by
way of Buffalo Slough to the head of Currant Creek and thence to the
Arkansas River. The pass is very low and is open during the greater por-
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tion of the year. It is, however, by no means a satisfactory one, as the
structure of the country renders swamps a common feature, while the abso-
lute sameness of the scenery for miles would make it difficult to follow the
road, were there merely a few inches of snow.

From Thirty-nine-Mile Mountain eastward the divide is exceedingly
complicated, taking in the line across the front range of the Rocky Mount-
ains, and reaching as a high ridge covered with timber far out into the
plains. In this portion of the divide there are no high peaks, though both
north and south of it there are several of great altitude. The passes are the
Ute, Hayden’s, and Cherry Creek. The crossing at the head of Cherry
Creek is quite easy, being approached by very moderate grades. The
summit is broad and exposed, so that it readily catches the snow, and is
said to be one of the coldest localities east of the mountains.

Divide between the Arkansas and Rio Grande—This divide, the Sangre
de Cristo Mountains and Spanish range, extends southeast from Poncho
Pass beyond the southern boundary of Colorado. In its northern portion,
from Poncho to Sangre de Cristo Pass, seventy-five miles, this range, in
average altitude, sharpness of outline, and general impressiveness, is scarcely
inferior to that on the west side of the Arkansas above. In some respects
it is better defined, rising abruptly from the Wet Mountain Valley on one
side, and from San Luis Valley on the other. The crest is irregular, deeply
serrate or cleft into many fine peaks, which retain their individuality to
below timber-line. Coalescing, they thrust into the plain long, narrow,
bench-like tongues, separated by trough-like ravines, heading far up in the
mountains, and usually closed in front by heaps of talus. Through these
heaps narrow cafions have been torn by streams flowing in the ravines.
The range is narrow, not more than twelve miles wide, but some of its
peaks are of magnificent proportions. On the Rio Grande side, and over-
looking Sangre de Cristo Pass, is the group called Sierra Blanca, of which
the most conspicuous is Old Baldy Mountain. This is a naked mass of
eruptive rock, reaching beyond 14,000 feet, a grand landmark, visible for
many miles north and south. Beyond Sangre de Cristo Pass the range is
much lower, though some of its peaks, as the Trinchara and Culebra Peaks,
attain to nearly 14,000 feet altitude.
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The passes across this divide are quite numerous, but with two excep-
tions they are seldom employed. Poncho Pass, leading from the Arkansas
to the head of the Rio San Luis, is a broad low pass, and is one of the best
in this whole country. It has an elevation of only 8,900 feet at the sum-
mit, and is crossed by an excellent wagon-road. The Sangre de Cristo
Pass leads from a branch of the Huerfano River, a tributary of the Arkan-
sas, to a branch of the Trinchara, a tributary of the Rio Grande. Its alti-
tude at the summit is 9,600 feet, and it is said to remain open during the
winter, there being seldom more than two feet of snow. It is crossed by a
wagon-road which follows the natural grade. At some points this is difficult
for a short distance, but could be improved easily and at slight expense.
The Mosca and Sand Hill Passes are lower than either of these, but are
impracticable on account of the heavy sand-hills which obstruct them on
the western slope.

Subordinate divides.—As several of these will be referred to frequently
in the following pages, it is best to give some details respecting them here,
in order to avoid repetition.

The Kenosha range, forming the eastern boundary of South Park,
divides the North Fork of the Platte from the river. It is a bold, rugged
range, and joins the main divide a few miles east from the Jefferson Pass.
Near its northern extremity it is cut by Tarryall Creek, a tributary of the
North Fork, and at the southeastern corner of South Park it is broken by
the South Platte, which there has worn a magnificent cafion. For the
greater portion of its length the range is badly broken into ridges, and is
impassable for even unloaded animals ; but near its northern extremity it is
crossed by the Kenosha Pass, leading from South Park to the village of
Grant. This, though attaining an elevation of 10,200 feet, has compara-
tively easy approaches on each side, and is on the direct road from Denver
to South Park. Four or five miles north from the Platte Cafion the range
is crossed by the road to Colorado Springs, which has easy grades through-
out. The altitude of this range is not great, and few of the peaks rise
heyond 12,000 feet. Followed southward, this range becomes the Hard-
scrabble or Greenhorn Mountains, and terminates almost northeast from the
Sangre del Cristo Pass. This portion separates Wet Mountain and Huer-
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fano Parks from the plains, and is cut by the Arkansas River and Grape
Creek, these streams uniting at the mouth of the cafion above Cafion City.

The Blue River range, as it is locally termed, is merely the extension
northward of the western boundary of South Park, and derives its local
name from the fact that the Blue River flows along its eastern base. It
hegins at the head of Blue River in the Quandary Mountain, which is but
150 feet lower than its neighbor, Mount Lincoln, with which it was formerly
one. The general trend of the range is nearly north 12° west. In its
southern portion, where it forms the divide between Blue River and Ten-
Mile Creek, it is a rugged, unbroken mass, showing a comparatively easy
slope on the east, but jagged and abrupt on the west. Beyond the junc-
tion of Ten-Mile Creek and Blue River it gradually breaks into individual
peaks of great height and abruptness, the whole apparently increasing in
these characteristics northward within our limits. The most prominent peak
of this range is a massive, dome-shaped mountain, not far below the junc-
tion of Ten-Mile Creek and the Blue, which has been called Colorado’s
Skull in honor of a Ute chief, who, with a small band of followers, infests
North and Middle Parks. Unfortunately, the only available path to its
summit was choked with snow at the time of our visit, and any attempt to
climb it would have been not only hazardous but fool-hardy. Its height,
therefore, is still undetermined. Over this range no satisfactory pass has
been found within our area. A trail leads from Breckenridge on the Blue
to McNulty’s Gulch on Ten-Mile Creek. It is very difficult even for lightly-
laden pack-animals, and is now little used.

TaE STREAMS.—The South Platte River—This stream has its source in
two small lakes in a magnificent glacial amphitheater directly under Mount
Lincoln. It follows a southerly course for eight or ten miles through
a broad, deep gorge, between Mounts Lincoln and Bross on the west and
Mount Morton on the east, and enters South Park near the village of Fair-
play. From that village the course is southeasterly until the river reaches
the Kenosha range, where it enters a close cafion. There it turns toward
the northeast and holds that direction somewhat rudely to the plains, after
which its-course is more toward the north until it passes beyond our north-

-ern line. Above Fairplay it receives several strong tributaries, and at or
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near that village it is joined by a number of small streams, so that it is at
once a river of much importance. Twelve miles below Fairplay it is still
further increased by the addition of the South Fork, which has its origin in
several small streams far up in the divide at the west. Below this, within
the park, a few other tributaries are seen, but they are very insignificant,

The North Fork of the South Platte lies wholly without the park, sepa-
rated from it by the Kenosha range. Rising under Evans and MecClellan
peaks, this stream follows an east of south course for several miles, when,
turning more sharply to the east, it enters a cafion and soon after empties
into the main stream. Its principal tributary is Tarryall Creek, which rises
in the Hamilton Pass and breaks through the Kenosha range. The North
Fork carries little less water than the main stream itself. East from the foot-
hills, along the east face of the range, the tributaries of the South Platte
are numerous, but for the most part comparatively insignificant, until
we reach Clear Creek, which enters the river near Denver. Of this the
South Fork has its source in several large streams, rising under Gray’s
Peak and McClellan Mountain, and uniting near Georgetown. Thence the
stream. flows through a most magnificent cafion to the plains. The North
Fork lies without our area.

The Arkansas River rises in an enormous gorge, directly adjoining that
of the South Platte, to which it bears great resemblance. The river flows
southwestwardly for about ten miles to its junction with Tennessee Creek,
after which the course is about south of southeast through a succession of
broad, alluvial plains, separated by cafions, until it reaches the mouth of the
South Arkansas. Then it turns to south of east, and retains this general
direction until it passes beyond our line on the plains. This portion of its
course is simply a succession of cafions, first through the range forming the
western boundary of South Park, and afterward through the Greenhorn
Mountains and their spurs.

In its upper portion the Arkansas receives many tributaries. Those
from the east are for the most part insignificant, as the divide is narrow, but
from the west flow down Tennessee, Willow, Half-Moon, Lake, Cottonwood,
and Chalk Creeks, and the South Arkansas River, all of them large streams,
and carrying much water throughout the year. In the second portion of

21w s
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its course it receives few accessions until it reaches the great cafion extend-
ing to somewhat more than twenty miles above Cafion City. Near the
western extremity of this cafion it is joined by Badger and Currant Creeks
from the north, and by Texas and other smaller creeks from the south,
while at the mouth of the cafion, Grape Creek enters it, having come from
Wet Mountain Park at the south, and broken through the Greenhorn Mount-
ains. A number of petty tributaries, of which Oak and Hardscrabble
Creeks are least insignificant, are added to it below Caifion City, while at a
considerable distance beyond our eastern limit it is joined by the Huerfano
River, which rises in the Sangre de Cristo Mountains, and flows out to the
plains at the southern extremity of the Greenhorn Mountains, and by other
tributaries, such as the Apishpa, Purgatoire, and Fontaine qui Bouille, head-
ing in our area. '

The Rio Grande del Norte rises about eighty-five miles west from the
town of Del Norte in the San Luis Valley. In relation to this matter
the knowledge of settlers seems to be somewhat indefinite. In 1849, Captain
Frémont ascended the river to Antelope Park, about fifty-six miles from Del
Norte, and there met with the disaster which put an end to his explorations
in that direction. Up to that park the river is generally known as the Rio
Grande. Above it, about twenty-two miles, the stream is seen to be formed
by the union of three forks. The Middle Fork is known as Deep Creek, and,
being regarded as the main fork, this name has been retained for the river
to its entrance into Antelope Park. The Rio Grande, however, really be-
gins at the junction of the forks about sixty-eight miles above Del Norte.
The Middle Fork is not the main fork, for the greater body of water evidently
comes down by the North Fork, or Pole Creek, which rises near the Un-
compahgre Mountains, and not far from the head of the Rio de las Animas.
Deep Creek rises near the wagon-road pass, already described as leading to
the San Juan mining district. The South or Hines Fork carries much
water, but is not very long, as the divide on that side is quite narrow.
These streams all flow in deep, dismal cafions, cut out of eruptive rock,
which unite to form a stupendous cafion, extending quite to Antelope Park.
Below the park the river flows through an excavation, bounded on both
sides by high mountains, and varying in width from three hundred yards to
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almost a mile, until a few miles above Del Norte, where the valley widens
out as it enters the Great San Luis Valley. In this portion its tributa-
ries, with the exception of the South Fork, which drains a considerable area,
are unimportant. . ‘

After reaching San Luis Valley the river turns sharply toward the south,
and retains that course until it passes beyond our southern limit. Here
its branches are very numerous, coming from the Sangre del Cristo and
Spanish ranges on the east, and from the Sierra San Juan on the west.
From the former the Rio Trenchara flows out near Fort Garland, being
formed by a number of small streams rising in or near Sangre del Cristo
Pass. A few miles farther south the Rio Culebra, formed by the union of
many insignificant rivulets, breaks through a mesa-like wall, separating its
park from the valley, and enters the Rio Grande not far from the mouth of
the Rio Trinchara ; while on the boundary of New Mexico the Rio Costilla,
a petty stream, is the last tributary from the east. From the west we
have the Rio Alamosa and the Rio Conejos, both large streams, rising far
up in the high and rugged Sierra San Juan, and following exceedingly tor-
tuous courses from their headwaters to the Rio Grande. On the west side of
the Sierra San Juan, at a short distance south from the Colorado line, the Rio
Chama drains the whole country east from the Horse Lake, and follows a
rudely southeast course until it enters the Rio Grande in New Mexico.

In the northern portion of San Luis Valley there is a small area con-
taining numerous streams which have no true outlet. The main streams
are the Rio San Luis and Saguache Creek, both large and carrying much
water, which empty into the swamp or “sink” termed San Luis Lake.
Numerous petty creeks issue from the mountains on each side, but of these,
few reach the streams mentioned, as, at a short distance from the mountains,
they sink in the sand. This interesting district, formerly joined to the Rio
Grande, will be fully discussed in another connection.

Leaving now the streams which flow on the Atlantic slope, we come to
those on the opposite side, and first review the complicated net-work in the
great area of the Grand and Gunnison. The Grand River lies wholly with-
out our boundaries, and of the Gunnison we have not more than fifteen, or,
at most, twenty miles. We have to deal, therefore, with their tributaries.
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The streams emptying into the Grand have a northward course, while those
tributary to the Gunnison flow in a southerly or westerly direction. .
The Blue River rises under Quandary Mountain, almost within stone’s
throw of the headwaters of the Arkansas and Platte, and flows in a north of
northwest direction, at the base of the Blue River range, until passing
beyond our northern line it enters the Grand River near Gore’s Pass. It is
a rapid stream, and receiving many accessions, is barely fordable at Breck-
enridge, eleven miles from its source. Below that village it is further in-
creased by Swan River, rising in Georgia Pass, and by Snake River coming
“from Peru, under Gray’s Peak, and from Saint John’s, under Glacier Mount-
ain. On the west side it has many larger tributaries, of which Ten-Mile
Creek is, perhaps, the most important.
The East Fork of Ten-Mile Creek begins in a small crateriform cavity-
" overlooking the Arkansas at the Arkansas Pass. It flows in a northerly
direction, and breaks through the Blue River range, cutting a magnificent
cafion from which it issues to join Blue River. The West Fork comes in
about ten miles from the Arkansas Pass. It is a stream of small importance,
flowing almost east. It heads near the North Fork of Eagle River in a mo-
rass, which crosses the almost imperceptible divide between the two streams.
Though this morass crosses the divide there can be no doubt that the junc-
tion is merely superficial, and that the water of the summit does not pass.
indifferently into either stream, except, perhaps, by capillary attraction
through the matted layers of vegetable matter forming the crest.

The fall of the North Fork of the Itagle for the first six miles is nearly
950 feet per mile, and for the next sixteen miles about 70 feet per mile.
This rapid descent has induced the formation of a very close cafion, which,
with occasional openings, continues to the junction with the South Fork, a
distance of about twenty-three miles. The latter stream rises in a group of
glacial excavations nearly west from Tennessee Pass, and flows north and
northwest to the junction with the North Fork, after which the stream flows
west of north. Like the North Fork, this is a large stream, with rapid de-
scent, and its course is marked by several cafions of great depth.

The Roaring Fork of the Grand River heads against the main divide
near Red Mountain, and in the Elk Mountain group near Mount Whitfield,
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in a number of magnificent gorges, or rather culs-de-sacs, from each of which.
flows a litile stream, cutting for itself a deep cafion. These unite to form
one broad, deep cafion, through which the main stream flows in a north,
and afterward in a northwestward, direction. '

Almost due west from the head of Roaring Fork, at a distance of not
more than ten miles, we find the headwaters of Rock Creek, another tributary
of the Grand River. This stream for the first eight miles has a fall of 300
feet per mile, and at ene mile from its source enters one of the most remark-
able cafions in this area, which continues for six miles, and afterward opens
into a narrow plain beyond the extreme western limit of our district.

The remaining streams in our portion of this area are tributary to the
Gunnison River, which is formed by the union of Taylor and East Rivers
about fifteen miles above the Indian stock ranch. o

Taylor River is formed by several small streams, each about five miles
long, which unite directly under the main divide about south of west from
Twin Lakes. It flows through an open park for about nine miles, and there
enters a narrow and with difficulty passable cafion, which continues for
nearly sixteen miles to the junction with Kast River. The tributaries of
Taylor River are very numerous, and before reaching its cafion it is a stream
of much importance. )

East River, the other fork of the Gunnison, rises near Rock Creek,
and has an east of south course to its junction with Taylor. Ior the most
part it flows through a broad, open plain, has a fall of about 25 feet per
mile below the union of its forks, and carries & by no means inconsiderable
body of water. West from East River, and entering the Gunnison about
eleven miles below the junction, is Ohio Creek, an impo-rtant stream, flowing
through a very broad and rich plain. It comes from the northwest, and
has its source beyond our western limit. A

The principal tributary of the Gunnison from the east is Tumichi
Creek, which enters the river about one mile below the stock ranch. It is
an important stream and drains a large section of country. Its northerly
fork is almost parallel with Taylor River, and flows through a similar cafion
for twelve miles. The southern fork rises not far from the headwaters of
the South Arkansas and joins the other near Tumichi Dome, a round mount-

v
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ain about thirteen miles from the Gunnison. Nearly three miles below the
junction, Cochetopa Creek comes in from the south, draining an immense
extent of country, almost the whole of Division No. 3 of the main divide.
It is, however, a stream of small importance, owing to the absorbent nature
of the soil through which it flows. It is formed by the confluence of a vast
number of petty streams near the Indian agency, and is little more than
twelve miles long.

The San Juan River rises in Division No. 5 of the main divide, and
flows in a southerly direction until it crosses the New Mexico boundary,
beyond which it soon turns to the southwest and then to the west. In Col-
orado the San Juan is a stream of rapid flow and carrying a by no means
inconsiderable quantity of water. It receives no noteworthy accession from
the east until near the line of New Mexico, where it is joined by the Rio
del Navajo, a stream of moderate size, rising in the Sierra San Juan, and
flowing in a south of west direction. Westward, however, we find several
streams of importance, all flowing from the north and rudely parallel to
that portion of the Rio San Juan which is in Colorado. The first of these
is the Rio Piedra, a large, rapid stream, and scarcely inferior to the San Juan.
Besides its two main forks, its only tributary is the Rio Nutria, which comes
in from the east, the course of which is very irregular, but for the most part
southwest to its junction with the Piedra near the territorial line. The
width of its bed and the numerous ravines seen along its course are evidence
that at some seasons of the year it is a comparatively rapid stream, but in
autumn and most probably during the latter part of summer it is quite dry.
This is due to the rapidity of its fall, as well as to the fact that its drainage
area is small.

The Rio de los Piiios, about fifteen miles west from the Rio Piedra, is
somewhat larger than the latter, and flows through a broad, rich valley.
The next stream is the Rio Florida, a branch of the Rio de las Animas, and
of not great importance.

The Rio de las Animas is much larger than any of those yet mentioned.
It is a bold, rapid stream, rising near or in the Uncompahgre Mountains,
not far from the North Fork of the Rio Grande. It follows an almost due
south course through a succession of wonderful but small parks and impas-
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sable canons to the Rio San Juan, which it enters in New Mexico. The
scenery along this river is unequaled by any observed elsewhere within
our district, and will be discussed in another connection.

SECTION II
CLIMATE AND AGRICULTURAL RESOURCES.

The mountain region of the Arkansas and South Platte areas affords
little opportunity for agricultural operations, and the same is equally true
of 0 much of the Grand and Gunnison area as is embraced within the lim-
its of our survey. The land is sufficiently fertile and the supply of water
for irrigation is ample, but the climate is so harsh that the cultivation of
even the hardiest garden vegetables is exceedingly uncertain everywhere.

In South Park the air is pure, but during the agricultural season the
climate is by no means mild or dry. During the day the thermometer
frequently shows a range of 40°, diminishing rapidly after sunset, ren-
dering heavy clothes and a good fire essential to comfort at all seasons
of the year. Observations made in the southern and lower -portion of the
park on the last three days of July, 1873, showed a temperature of‘26°.,
28°, 28°, respectively, at sunrise, while at 2 o’clock on the same days, the
mercury varied little from 70° in the shade. Heavy rain fell on six of the
twelve days during which we were engaged in the park or its outlying
valleys, while on two days large hail accompanied the rain, and on two
other days snow fell to the depth of one inch. Notwithstanding the great
fall of rain, the air is by no means saturated with moisture, there being
sometimes a difference of 20° between the readings of the dry and wet bulb
thermometers. Heavy dew was deposited during eight of the twelve nights,
but disappeared quickly after sunrise. The winters are long, but not con-
tinuously severe; the thermometer seldom falls below zero, and over the
greater portion of the park snow rarely falls to a depth of more than two
feet. The change from summer to winter and from winter to summer is
very abrupt. The average altitude of the park is between 8,500 and 9,000
feet.
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Owing to the great and sudden variations in temperature, due, doubt-
less, in part to the comparative dryness of the atmosphere, South Park is
much disturbed by high winds, which descend from the cold mountains to
the heated plain. The sky is usually more or less cloudy during July and
August, and the mountains are rarely altogether free from clouds. As
might be expected, this park, having an area of not far from nine hundred
square miles, and hemmed in by high mountains, afforded excellent oppor-
tunities for determining the effect of mountains upon the course of storms.
These usually began at the southwest corner and followed the rim entirely
around, the sky over the park being only partially overcast. With but one
exception no rain fell within the park until the storm had passed around
the border, following the mountains, and had reached the low divide at the
south. :
The northeastern portion of the park is well watered by Tarryall Creek
and its tributaries, but is so poorly drained that much of it is a treacherous
marsh covered by a dense growth of coarse grasses. South from Tarryall
Creek to the southern border, the eastern portion is almost without water,
and consequently destitute of vegetation. Some white sage is seen, but so
dwarfed as to resemble a moss; a small flowering plant occasionally occurs,
but the only plant which seems to flourish is the melon cactus, which, how-
ever, does not attain large size. On the western side of the park, where
streams are very numerous, native grasses grow abundantly upon the “ bot-
toms,” and in moderate quantity upon the higher ground. In the southern
portion, and on the divide, the grass is most luxuriant, growing in bunches
18 to 20 inches in diameter, and occasionally matting over the surface so as
to render traveling difficult. The many ravines in the mountains show
little parks or meadows, covered with grass, which prove very valuable for
winter pasture.

The only trees in South Park are cottonwoods, pines, and spruces, whick
cover the little hills, and stretch far up the mountain sides. The timbe:
line varies only from 11,200 to 11,500 feet, being higher on the northerw
side of the mountains. Above that line, no trees exist, but a scraggy pine,
usually prostrate, reaches in small clusters sometimes to 200 feet beyond.
'The cottonwoods are almost as hardy‘ as the spruces, and thrive well up to
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within 1,000 feet of the timber line. Wherever the pines and spruces have
been burned off, the cottonwoods have replaced them, having overcome the
slowly-developing conifers by their rapid and vigorous growth. It is by no
means probable, as some have supposed, that the cottonwoods were the
original possessors of the soil. Their seeds being provided with a pappus,
are carried by the wind and deposited in the open space, where they rapidly
develop. Along the streams of South Park there are willows, birches, and
alders, small swamp species.

For the most part the soil is very porous. In the southern portion of
the park it is undoubtedly alkaline, for there are frequent white patches,
containing much saline matter, which bear no vegetation, and when well wet
are, to all intents and purposes, bottomless. Inmost portions it is very good,
though light and absorbent. This property, combined with the rapid evap-
oration which goes on in the simlight, renders necessary a very abundant
supply of water to render it productive. An interesting illustration of this
is found on the low divide at the south, The low, broad, rounded hills of
the divide in no case reach to timber line, yet in nearly every case they are
entirely bare of timber. The exceptions are those hills whose slopes are
steep so that the northern side is protected from the sun’s rays. On that
side small trees are found reaching quite to the summit, the porous soil,
unaffected by the intense heat of the day, retaining the moisture, and yield-
ing it to the trees. TFor purposes of irrigation the supply of water in South
Park is practically unlimited everywhere, except along the eastern border,
where the streams are few and very small.

Still the advantage of irrigation is questionable. For ordinary farming
purposes South Park is worthless. Not even the hardy garden vegetables
can be raised, potatoes being cut down by the July frost. Along the North
Fork of South Platte, and on Tarryall Creek in the Kenosha range, potatoes
have been cultivated successfully at several localities, and oats have been
known to ripen. These crops, however, were obtained, not in the park, but
beyond its eastern limit, and at an altitude of 1,200 to 1,500 feet below
the lowest point in the park. The only use to which South Park can be
put is the pasturage of stock. During the summer, cattle feed on the
grasses which grow on the bottoms, in the autumn on the bunch grass of the
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bluffs, while in winter they disappear in the mountains, where they find
abundance of food in the little meadows or parks already referred to. The
area of summer pasture can be greatly increased by irrigating the bluffs, but
if the number of cattle were larger than now, winter feeding would be
necessary, as the winter range in the mountains is limited. At present
stock raising is very profitable. Whether or not it would bear the addi-
tional expense involved by irrigation and winter feeding is questionable.
In this connection it is well to note that the native grasses found throughout
this Rocky Mountain region are by no means as valuable as the domestic
grasses of the East. They are not less nutritious, but do not bear continued
cropping. Growing, too, in bunches, and ordinarily forming no mat upon
the loose soil, they are easily tramped out. The resultis that great ¢ ranges,”
formerly supposed to be capable of supporting an indefinite number of cattle,
have be¢come exhausted. This, I understand, is now the condition of one of
the finest portions of South Park. Under such circumstances the cattle are
removed to some distant locality, and in about five years the grassisin a
measure restored.

Along the line of South Clear Creek and its branches, agriculture may
be regarded as impossible. The cafions of these streams are too narrow to
afford room for farming, while, aside from these, the whole country is irreg-
ularly mountainous, with an average elevation of little less than 11,000
feet. At Idaho Springs potatoes have been raised successfully, but every
other article of consumption, even hay, must be brought in from the plains
east of the mountains.

In the Arkansas area, within the mountain i'egion, there is much varia-
tion in climatic conditions, owing to the extent of the area, and the difference
of altitade. Even in the upper portion, extending from the junction of
the river and Tennessee Creek to the mouth of the South Arkansas, the
rapid fall of the river induces well-marked differences in agricultural condi-
tions. 'This portion consists of two subbasins, the upper reaching from the
mouth of Tennessee Creek to the Granite Cafion, a distance of about seven-
teen miles, and the other extending from the mouth of that cafion to the
cafion below the South Arkansas River. In the larger part of the upper
basin, which is broad, and covered with a fairly rich soil, agricultural pur-



CLIMATE AND AGRICULTURAL RESOURCES. 331

suits are impracticable, as the surface is usually deeply buried under snow
for about six months each year, and occasionally for a longer time. The
snow ordinarily disappears about the beginning of June, and keen frosts
oceur early in September, giving a brief season of less than three months,
during which frosts are almost unknown. The change from winter to sum-
mer is very abrupt, so that the more rapidly-growing vegetables can be
raised with good success. Mr. Dumary, living at the mouth of Colorado
gulch, near the upper end of the basin, states that for a number of years he
has succeeded in raising turnips, lettuce, radishes, and onions in considerable
quantity. He has several times endeavored to raise oats, but has found the
season about two weeks too short. The grass in this region is good, though
not abundant, and little has been done in stock raising. Mr. Dumary, how-
ever, had, at the time of our visit, one hundred head of cattle, which were
evidently thriving. He thinks that this would be a good summer range for
ten times that number. During the winter, cattle must be sent to the lower
basin, or driven out upon the plains.

Toward the lower portion of this basin the climate is milder, there is
less snow, and the season is somewhat longer. The difference in elevation
is not sufficient to account for the diminished rigor, and evidently is not the
only cause, for at Twin Lakes, on Lake Creek, emptying into Granite Cafion
near its head, we find at an altitude of 9,300 feet a much milder climate
than at Colorado gulch. The difference in altitude is very little, while the
difference in latitude is barely one-fourth of a degree. Yet at Twin Lakes
it is possible to cultivate the more tender garden vegetables, and the fall
of snow is not sufficient to incommode seriously the family living on the
lake shore.

In the lower basin, the country is open throughout the year. Some
snow falls, and the thermometer occasionally indicates a very low tempera-
ture, but upon the whole the winter is mild, and cattle run during the
season without shelter. The rain-fall in the basin is small, the clouds dis-
charging chiefly upon the mountains on each side. The atmosphere is quite
dry, but the daily variations are not so great or so abrupt as those in South
Park.

The high and numerous terraces on the west side of this basin interfere
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much with its agricultural value. Fortunately, however, erosion has greatly
removed these in several portions, so as to leave a broad, level plain as the
main terrace, varying in width from two to four miles. The river flows
near the eastern side and considerably below the plain, while the creeks
from the mountains on the west, Chalk, Brown, Squaw, and Gas, have exca-
vated deep, broad troughs in the basin on their way to the river. These
troughs are several hundred feet wide, with a deep, rich soil, which yields
excellent crops of wheat, and of nearly all the common garden vegetables.
They are already cut up into small farms, which belong chiefly to persons
engaged in stock raising. The plain itself presents a most forbidding aspect.
For miles one sees not a single blade of grass, and the soil, is apparently too
poor to sustain even cactus. But all it needs for reclamation is a plentiful
supply of water. Some adventurous ranchmen have tried the experiment
and have been rewarded by crops of the most satisfactory character.

The irrigation of the greater portion of this plain on the west side is a
problem of no slight difficulty, owing to the fact that it is so much broken
by deep troughs as to render transfer of water from the Arkansas by canal
exceedingly expensive. The mountain streams themselves issue from their
canons usually at a level below that of the plain, so that they are not imme-
diately available. The southern portion can be irrigated without much
difficulty from the South Arkansas, and two or three small creeks above
can easily be utilized for the same purpose. The trouble is to water that
portion between Cottonwood and Gas Creeks, and the only way to effect
this seems to be by building flumes in the cafions of Cottonwood, Chalk,
and Brown Creeks, by which a sufficient supply could be brought into
ditches on the plain. The cost of this work, however, will prevent any
from attempting it until our population becomes very inuch denser than at
present. On the east side the difficulty is not great; few streams come in
from that side, and the plain can be irrigated readily with water drawn from
the river itself.

Through the cafion beginning below the mouth of the South Arkansas,
and continuing for nearly twenty miles, the river falls with great rapidity,
so that at Pleasant Valley, between this and the great cafion, the altitude is
greatly diminished. In this little basin there are several good farms on the
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lower terrace, which are irrigated by water obtained from the river or from
Little Cottonwood Creek. Passing southward into the basin of Texas
Creek, the character of the country is much changed. Hitherto we. have
had a dreary plain, destitute of vegetation and relieved only by the occa-
sional troughs of mountain streams. Here, however, we have a broad
basin, seven to nine miles wide, well watered by numerous streams flowing
from the Sangre de Cristo Mountains, and supporting a good growth of
grass. Texas Creek flows in a cafion along its eastern side to the Arkansas,
entering the great cafion a few miles below its head. Few ranches are
found in the basin itself, though there are several in the broader portions of
the cafion, the selections having been made doubtless because of the greater
ease of irrigation, as the fall of the stream is very rapid. Good farms,
however, can be obtained in many places in the basin itself.

The divide between this basin and that of Grape Creek, or Wet Mount-
ain Valley, is very slight, and so badly drained as to be a marsh of the
most treacherous character. It is covered by rich grasses and can be used
as pasture for cattle, but is dangerous ground for horses or mules. Wet
Mountain Valley has many features in common with the basin of Texas
Creek. The name was given because, during June, July, and August, each
day a severe storm of rain, frequently accompanied by hail, breaks over
the valley and extends into Huerfano Park at the south, as well as into the
basin of Texas Creek at the north. These rains begin at about three in the
afternoon and continue well on into the night. The lowest point in the val-
ley has an altitude of 7,200 feet. The agricultural season is long, begin-
ning early in May and ending in the latter portion of September. In sum-
mer, the heat is intense during the day, but at night the temperature is
moderate. The winter is mild, there being but little snow and seldom any
extremely cold weather. Notwithstanding the great rain-fall, the atmos-
phere is not heavily saturated with moisture, and traces of the storms disap-
pear rapidly in the sunshine.

The principal stream in this basin is Grape Creek, which receives a
number of small tributaries from the Sangre de Cristo Mountains on the
west, but no permanent ones from the Greenhorn Mountains on the east.
From the south its only branch is Antelope Creek, a small stream carrying
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no large amount of water, but having a somewhat rapid fall. The surface of
this valley descends from all sides to the center, there being a succession of
broken terraces, distinct on the southern and eastern sides, less so at the
north and almost obliterated at the west. At the bottom there is a con-
siderable area of land, probably sixty square miles, requiring no irrigation,
having in some parts a surplus of water. The whole is a natural meadow
of the finest character. Barley, wheat, and potatoes grow well and mature
when not injured by storms or insects. No difficulty is caused by the fre-
quent rains of summer, as the surplus moisture in most places is quickly
removed by evaporation, but the hail is often fatal to the crops. From all
accounts this valley is a favorite resort of grasshoppers, which do a vast
amount of injury. At the same time, farming on the bottom has proved
reasonably successful.

On the bluffs or terraces, and on the gently-sloping land surrounding
the bottom, ifrigatiori is essential, as the soil is so porous that the frequent
rain-falls are of little positive advantage. These bluffs are far more exten-
sive than the bottom; but, though covered by good soil, are so dry that they
are almost destitute of grass, and support only the common species of cac-
tus. This is especially true of the western and southern portions, where the
soil is sandy with but little clay. On the eastern and northern sides the
soil is richer and more retentive of moisture, being made up chiefly of
detritus from the eruptive rocks of the Greenhorn Mountains.

Unfortunately, the amount of water available for irrigation of these
higher portions is very small. The streams from the Sangre de Cristo
Mountains are of insignificant size and barely sufficient for the small farms
adjoining them. Many of them are simply wretched sloughs 6 or 8 feet
wide. South from Grape Creek the supply is derived from Antelope Creek,
which, though not large, has sufficient fall and water to render it of much
service in irrigation. On the east side there are no streams, which is the
more to be regretted since there the soil is exceedingly rich and so retentive
that only a small amount of water would be needed.

Stock raising is an important occupation in Wet Mountain Valley, and
one which has proved eminently successful. The rich grass of the bottom
is supplemented later in the year by the bunch grass, which grows in
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remarkable luxuriance in all the ravines of the Greenhorn Mountains open-
ing toward the valley. In 1873, the number of cattle was estimated at
twenty thousand, and many more were in the basin of Texas Creek. The
opinion prevails that sheep driving is permanently injurious to any cattle
range, and heavy penalties are imposed upon any who bring sheep into the
valley. It is certain that sheep nibble the grass even with the ground, so
that it revives with difficulty, and that where they do not crop it so closely
they impregnate it with an odor which seems to be especially offensive to
horses and cattle. This was our own experience, for our mules frequently
refused to feed on excellent pasture, over which sheep had passed. Whether
or not the injury to the range is permanent, is difficult to ascertain from the
conflicting accounts of those interested.

Crossing the divide at the south we descend rapidly into the basin of
the Huerfano River, or Huerfano Park. Unlike Wet Mountain Valley, this
is not a broad, open park. It undoubtedly was such at one time, as is amply
evident from the almost uniform height and level surface of the bluffs. This
old basin has been cut and eroded into broad, deep swales by the numerous
streams, so that the area of arable land is considerable. The climatic con-
ditions are similar to those of Wet Mountain Valley, except in this, that
owing to the lower altitude and the sheltering influence of the bluffs, the
seasons are more regular and the mean temperature somewhat higher. The
soil is exceedingly rich, the supply of water for irrigation ample, and wheat
and Indian corn mature well, yielding good crops. The inhabitants are
mostly Mexicans, and are exceedingly negligent in their method of farm-
ing. They raice much wool, but the quality is inferior, as the sheep are
mostly Mexican, unmixed with any other breed.

In the Rio Grande area, the arable land is found principally in the San
Luis Valley. The numerous parks in the Rio Grande cafion are at too
great an altitude for farming, and are useful only for grazing purposes. In
San Luis Valley rain is almost unknown, and in winter only a thin coating
of snow is ever seen. The houses are built of adobe, plastered outside with
clay, and have no projecting eaves upon the roofs. During the long spring
and summer the temperature is high. Winter sets in about the end of
October and practically closes in February. During this season the ther-
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mometer occasionally marks excessively low temperature, but this condition
seldom continues for more than two or three days. For the most part the
weather is very mild, resembling the close of September or the beginning
of October on the Middle Atlantic coast. ‘

The soil is rich throughout the valley, being simply volcanic sand and
dust. Near the mountains it is somewhat too coarse for farming, but where
it has been subjected to the sorting action of streams, it forms a soil which
cannot be excelled. In the northern portion, in and around Saguache, is
an old Mexican settlement, long celebrated for the fertility of its soil, which
has recently attracted the attention of Americans, many of whom have
entered it. This region is low, and, to the eye, a perfect plain, almost
level with the surface of Saguache Creek. Nothing can be simpler than
irrigation here, for one need only plow a furrow from the stream through
his land. This creek rarely overflows, and maintains a steady supply
throughout the year. The excellence of the soil is shown by the fact that
the Mexicans have frequently obtained thirty bushels of wheat per acre
with their rude and careless modes of cultivation. Vegetables of all kinds
thrive well, and Indian corn matures notwithstanding that the altitude is
somewhat more than 7,500 feet. Hay ranches are numerous along the
little streams issuing from the mountains, and occasionally a grain field is
seen. The grain crops are not-very satisfactory in most cases, as the Mexi-
can proprietors are usually too lazy to do the preparatory work properly.

In the southern portion of the valley there are numerous Mexican vil-
lages situated along the tributaries of the Rio Grande, around each of which
is a greater or less area of cultivated land. The soil yields readily, and the
principal crops are corn, potatoes, and red pepper, these, with a little wheat,
seeming to supply all the necessities of the inhabitants. Away from the
streams the whole valley presents a very dreary aspect. There is no grass,
and the vegetation consists only of the various plants grouped under the
vulgar name of “greasewood,” with here and there a little sage brush.

The many ravines along the water courses, especially those on the west
side of the valley, are exceedingly important as cattle ranges. In some of
these the grass is remarkably fine. The little parks on the Upper Rio
Grande, as already mentioned, support many cattle. Statistics can be pro-
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cured only with great difficulty, but the best information leads me to believe
that more than twenty thousand head were in the valley during the autumn
of 1878. The Mexican residents in the southern portion pay attention
especially to sheep and goats. The result is that there the grass has been
so closely clipped that the country resembles a desert. The sheep are still
poor, but the rancheros are endeavoring to improve the stock by crossing
with merinos. Labor being exceedingly cheap, wool raising proves quite
as profitable and quite as easy as stock raising. On the west side of the
Sierra San Juan, along the Rio Chama, it is the chief dependence of the
population, there being, according to the statement of the assistant agent at
Tierra Amarilla, not less than two hundred thousand sheep within a radius
of twelve miles from the agency. The wool is inferior, but the propnetors
are making vigorous efforts to improve their stock.

In the San Juan area no agricultural operations have been carried on
for many years. Until recently the greater portion of this area, as embraced
in our district, was within the reservation of the Ute Indians and inaccessi-
ble to the whites. That which lay outside of the reservation has always
been regarded by the Jicarilla Apaches as their hunting-ground, and con-
sequently was not a desirable locality for settlers. It is impossible, therefore,
to give any satisfactory statement respecting its meteorology, the more so
as we were prevented by snow from spending much time in this area.
This region is well watered by large streams, flowing through broad, level
valleys, covered with rich soil bearing a magnificent crop of native grasses.
Where the influence of the streams is not felt, there is evidence that the
country is agriculturally dry. On the elevated plain between the Rio
Piedra and the Rito Nutria, there is little grass, but the excellence of the
soil is amply attested by a wonderful forest of sage brush, averaging more
than five feet in height. This growth is unequaled in our whole district,
and is approached only by that on the terrace of the Rio Chama, near Tierra
Amarilla, where the soil is so fertile that it has in one instance yielded
cighty bushels of wheat per acre under Mexican cultivation. The climate
in these broad valleys cannot be severe, for at Animas City, on the Rio de
las Animas, no frost occurred until October 15. In Animas Park, a few

miles below the “city,” the newly arrived settlers were making extensive
2 ws

.
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preparations for farming, and it was expected that in 1874 nearly the whole
park would be put under cultivation. ’

Throughout this region the timber is magnificent. Along all the
streams there were seen groves of white pine, in which the trees were one
and one-half to two feet in diameter, and in similar groves were yellow
pines two to four feet thick. No such timber was seen elsewhere. TFine
grass, with wild rye and oats, is plentiful in nearly all portions of the area,
so that the region will probably. prove, as a stock country, worth fully all
that the Government has agreed to pay the Indians for it. The sheep drivers,
however, are already invading the eastern portion, and are likely to injure
it as a range for larger stock. They claim, it is true, that sheep driving
does not destroy the grass, which is said to come up as strongly as ever in
the following spring. This seems hardly possible, for along the Rio Navajo
the sheep have eaten the grass down to the very roots, and in addition have
torn out the roots with their hoofs. If this be the ordinary result of sheep
pasturing, one can hardly conceive the possibility of recovery.

Of the Grand and Gunnison area little of interest from an agricultural
point of view is embraced by our district. We have, for the most part,
only high, rugged mountains; broken by deep, narrow cafions, which here
and there widen into little parks. In the northern portion the altitude is so
great as to cause long, dreary winters, followed by brief summers, whose
nights nearly always bring frost. Southward, beyond the junction of East
and Taylor Rivers, the conditions are somewhat changed, as the country is
more open. Yet here, owing to the altitude, the winters are harsh and frosts
are not unknown during summer. Respecting the meteorological conditions
little is known. Until very recently, the whole area west of the main
divide was supposed to be within the Ute reservation, and was shunned by
all the whites, except a few adventurous prospectors. The mean annual
temperature varies greatly in different portions, for at the north, on Rock
Creek, the timber line is barely 10,000 feet, while on the Rio Grande divide,
at the south, it reaches to nearly 12,000. To explain this great difference
is not easy, for the distance between the two localities is hardly one degrec
of latitude.

No attempt has been made to test the availability of the country for



CLIMATE AND AGRICULTURAL RESOURCES. 339

farming purposes. At the Indian agency, on Los Pifios Creek, a tributary
of Cochetopa Creek, very near the southern limit, and almost directly under
the Rio Grande divide, a small garden is cultivated, in which the ordinary
vegetables are raised so successfully as to give reason for supposing that in
this little basin some of the grains might mature. The soil is rich enough
throughout the whole area, and along the river bottoms is usually covered
- with bunch grass and wild oats. This mixture of grasses is remarkably
abundant in the valleys of East River and Ohio Creek. The many ravines
in the Rio Grande divide will eventually prove very serviceable to stock
raisers. Like the San Juan area, this whole region is almost untouched,
nothing having been done beyond the herding of a few cattle at the Indian
stock ranch, on the Gunnison. The supply of water is ample everywhere,
and the streams maintain a steady flow throughout the year, being sustained
by the heavy snows of winter and the equally heavy rains of July and
August. '

Of the Great Plains, lying east from the great mountain region, only
a narrow strip, from five to fifteen miles wide, reaching from Denver to
the New Mexico line, and embracing portions of the Platte and Arkansas
areas, falls within the limits of our survey. Though this strip is so small, it
includes no inconsiderable part of the land already under cultivation in this
region, and is of much interest, as in or near it there have been performed
successfully some gigantic experiments in artificial irrigation. Rain or light
snow is of frequent occurrence during the winter and early spring, while
later, until about the beginning of June, heavy rains are common. From
June until well on in the autumn the climate is agriculturally rainless, and
artificial irrigation is necessary to successful farming.

As a whole the climate has some interesting features. By those inter-
ested it is sald to be mild and uniform; but such a statement needs to be
much restricted before final acceptance, The long summer and autumn are
pleasant, the days being warm and cheery, while the nights are invariably
cool. Toward the close of November the weather changes somewhat ab-
ruptly, and the thermometer is apt to fall to zero, or to several degrees
below it. From this time until the middle of March the variations in tem-
perature are very great and equally abrupt. Ordinarily, January is quite
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mild, but during February the thermometer may vary in twenty-four hours
from 20° to 70°. These abrupt changes cannot fail to prove injurious to
invalids, notwithstanding the many violent assertions to the contrary. At
the same time, owing to the dryness of the atmosphere, the evil influence is
very much less than it would be on the Atlantic coast, where the air is so fre-
quently saturated with moisture. The climate of the year, as a whole, how-
ever, is exceedingly favorable for those afflicted with diseases of the digest-
ive and respiratory organs. There can be no doubt that many lives have
been prolonged here by the climate alone. The advantages of this portion of
Colorado in this respect are so evident that the very exaggerated statements
made by many are inexcusable, not only because they are false, but because
they are unnecessary, the simple truth being sufficient for all purposes.

As the dry season begins in June, and continues until autumn, all
farming operations are entirely dependent upon artificial irrigation. The
supply for this purpose is drawn from the Platte and Arkansas, with their
numerous tributaries. These streams derive their water, in the early part
of the season, from the melting snows of the mountains, and later on from
the heavy rains falling on the interior ranges, so that they always carry
abundance to meet all necessities. The soil along the rivers, both on the
bottoms and the higher terraces, is very good, though somewhat coarse on
the latter. It is from 18 inches to 4, or even 6 feet deep, resting in many
localities on a white tufaceous limestone, or fresh-water marl, which decom-
posing readily may eventually come into use as an amendment. This soil is
easily prepared, and yields very good crops. The average number of bush-
els of wheat per acre has been put at twenty-eight, but this is too high, and
the best information within our reach leads us to place it at not more than
twenty, nor less than eighteen. Exceptional cases near Denver show in one
instance thirty-seven, and in another sixty-five bushels per acre. These,
however, are useful only to prove what can be done by skillful farmers, of
whom there are too few in the Territory. The wheat, like that of Califor-
nia, is of very superior quality, and seems to contain much more gluten than
wheat raised east of the Mississippi. The dry atmosphere renders the crop
more certain, as many of the diseases so injurious at the East cannot exist
here. Oats do fairly, averaging thirty to thirty-five bushels, while barley




CLIMATE AND AGRICULTURAL RESOURCES. 341

yields thirty-five bushels per acre. Vegetables of all kinds do well, and in
the southern portion Indian corn gives a fair crop.

Along this strip there is little timber, except upon the mountains facing
it, but on the higher portions pifion and red cedar grow in large quantity.
Along the streams cottonwoods grow to large size, but the wood is worth-
less as timber. On the upper terraces southeast from Cafion City cacti grow
to a great size.

Stock raising has proved more profitable than farming. Bunch grass
is found everywhere, in greater or less abundance, and in quantity sufficient
to support a vast number of cattle, owing to the great extent of range.
The climate is such that ordinarily no winter shelter is required, and the
snow fall is so slight as hardly to interfere with pasturage. The only ex-
pense is the outlay for herders. Sheep do well, being free thus far from
diseases common east of the Mississippi, and the wool is clean as there are
no plants to injure it.

The extent to which irrigation of the plains can be carried is now a
question of much importance, and, having been formally presented in a mes-
sage by the President, deserves at least passing reference here. These
plains are not, as is commonly supposed by those who have not seen them,
a vast level, broken only by occasional waves. On the contrary, the sur-
face is exceedingly irregular, and, though in the distance resembling a plain,
it is in fact anything else, being much torn by erosive agencies. Only a
small portion of this great area can ever be cultivated by irrigation. That
which is available lies along the larger streams and their tributaries, some
of which are now permanently dry, and consists of the flood-plains, and the
older terraces rising above them. These present the level surface which is
essential to successful irrigation. Of such land, immediately available, it is
estimated that Colorado, east of the mountains, has in all barely four mill-
ions of acres, or about six thousand two hundred square miles, an area
scarcely larger than a strip extending from Denver to the New Mexico line,
with a width of thirty miles. It might be possible, by means of extensive
and very costly works, to double this area, but not more. Under such con-
ditions, one can hardly fail to doubt the feasibility of an enterprise to recover
any considerable portion of Colorado by irrigation.
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Tiven were Colorado, east of the mountains, one unbroken plain, the
difficulties would be quite as serious. To irrigate, one must have an abun-
dant supply of water. As the rain falling upon the plains is uncertain in
amount, it can afford no assistance, and the whole supply must be drawn
from the mountain region. The problem, then, would be to irrigate, in Col-
orado alone, nearly sixty thousand square miles, with the water which falls
on less than eleven thousand. Could this water be husbanded in such a
manner as to lose none, this would not be impracticable, for "irrigation is
needed only from the beginning of June until at farthest the early part of
August. But such a husbanding is impossible. A large part of the water
precipitated upon the mountains never reaches the plains by the streams,
and were irrigation fully carried on along the Upper Arkansas and the
Upper South Platte, only a small portion would pass east of the mountains.
As it is, the Arkansas, where it issues from the mountains at Cafion City, is
very much smaller than at Pleasant Valley, only thirty miles above. More
than this: The atmosphere on the plains is so dry, that the temperature fre-
quently falls 40° without inducing deposition of dew. It is clear that the
loss by evaporation would be enormous. The porous soil would absorb an
equal amount, and from these two causes not less than half the water
entering the canals would be lost within sixty miles. The amount of
water issuing from the mountains is not sufficient to bear this loss and still
supply what is needed for irrigation. Careful calculation has shown that
the water of all the streams would hardly suffice to irrigate the whole
country to a distance of thirty-five miles from the base of the mountains.
The Platte itself, though constantly receiving tributaries, diminishes in im-
portance as it descends, until at Julesburg, during the agricultural season,
it is comparatively insignificant.




CHAPTER XI.

METAMORPHIC ROCKS.

The metamorphic rocks are well exposed in the complex east range,
fronting upon the plains, as well as in the range west of South Park. On
the former range they prevail, none of the unaltered rocks occurring, except
at the foot on the east, in the narrow series of hog-back ridges. In the
second range they are seen only on the west side, facing the Arkansas River,
being concealed on the east by rocks of Carboniferous and Silurian Age,
except near the heads of the numerous streams, which run through deep
gorges cut out of the eastern slope. In the Sangre de Cristo Mountains
they are seen only on the western slope, where the exposed mass is quite
extensive. The numerous spurs, passing from the eastern range, are usually
made up of metamorphic schists. In the range west from the Arkansas, rocks
of undoubted metamorphic character are not seen until we approach the
head of Tennessee Creek, from which point northward they prevail near
the center of the axis. West from this range, in the area of the Grand and
Gunnison, they are exposed in only a few localities, and in those principally
because of the extensive series of faults. 'This area is covered, for the most
part, either by rocks of volcanic or eruptive origin, or by unaltered sedi-
mentary rocks. Along the various axes seen in the San Juan area, the
metamorphic schists were observed.

The prevailing rock is a micaceous schist passing into gneiss, and con-
taining much granite, which in some localities entirely replaces the others.
Not unfrequently the mica-schist is displaced gradually by hornblende-
schist, which becomes a hornblende-gneiss, containing masses or strings of
syenite, as the other form contains ordinary granite. Slates are almost
wanting, and thick strata of quartzite belonging to this series were observed
at only two or three localities. Serpentine and limestone seem to be absent

altogether. It is impossible in the present state of our knowledge to come
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to any definite conclusion respecting the relations of these rocks. Dr. Hay-
den, in one of his reports, has referred them, with doubt, to the Laurentian.
To determine this matter, careful <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>