ENGINEER DEPARTMENT, U. S. ARMY.

REPORT

UPON

UNITED STATES GEOGRAPHICAL SURVEYS

WEST OF THE ONE HUNDREDTH MERIDIAN,

IN CHARGE OF

CAPT. GEO. M. WHEELER,
CORPS OF ENGINEERS, U. S. ARMY,

UNDER THE DIRECTION OF

THE CHIEF OF ENGINEERS, U. S. ARMY.

PUBLISHED BY AUTHORITY OF THE HONORABLE THE SECRETARY OF WAR,
IN ACCORDANCE WITH ACTS OF CONGRESS OF JUNE 23, 1874, AND FEBRUARY 15, 1875,

IN BEVEN VOLUMES AND ONE SUPPLEMENT, ACCOMPANIED BY ONE
’ TOPOGRAPHIC AND ONE GEOLOGIC ATLAS.

VOL. IL—GEOGRAPHICAL REPORT.

WASHINGTON:
GOVERNMENT PRINTING OFFICE.,

1889.







TABLE OF CONTENTS.

Page
Letter of transmittal. .. ... ..o iiiii i i 7
Introduction . ... ..c. i i e i i et aieiae aaaan 8-20
CHAPTER 1. Areasoccupied—Passes, Western Rim of Great Interior Basin—
Altitudes and distances Yosemite Valley and summary of re-
) 1) 7 21-146
I1. Itinerary of Colorado Grand Cahon and river tip of 1871, with
11T 1) 0 S P 147-171
IIT. Population, industries, communications, irrigation, and artesian
Wells. . oo i e e et e 172-210
IV. Indians ...... .. ... ....... e e tmeae e aaana e 211-222
V. Land Classification ...... ... it 223-227
APPENDIXES.
A. List of certain latitudes, longitudes, ete.............. .. ... ... ... 229-233
B. Description of atlas sheet maps.... ........ e e et e e 235-329
C. Formulated methods and examples, with illustrations............ ..... 331-104
D. Notes on survey and disposal of public domain, withmap..... .......... 405-413
E. Considerations upon National Government Land and Marine surveys, with
10 ¢S 415-479

F. Memoir upon the Voyages, Discoveries, Exploratlons, and Sirveys to and

at the West Coast of North America and Iunterior of the United

States west of Mississippi River, from 1500 to 1880, with notes

on certain old maps and later bibliographical and other refer-

ences to geographical co-ordinates for permanent official Topo-

graphic Atlas of the United States...................... ... 481-745
G. Synoptical table of contents of quarto volumes with summary list of re-

ports and separately published maps (topographic, land class-

ification, and geologic) ....... .. .. ...l 747-760
H. Origin, organization, functions, progress, and cost of geographical surveys

west of one hundredth meridian..................... ceeeaas 761-764
4T L P ( L U







I
II.

III.
IvV.

V.
VI.

VIL
VIIL.

IX.

XI.
XIL

XIII.
XIV.

XV,
XVI.
XVIL
XVIIIL
XIX.
XX.
XXT.
XXIIL

XXIIIL
XXI1V.

XXV.

XXVI.

LIST OF PLATES.

‘Section of a cave in Cave Valley, Nev............ ...Opposite. .
Alpine lake in the Sierra Nevada, near Camp Independence, Cal.
opposite..
Kearsarge Mining Works, Kearsarge district, near Camp Inde-
pendence, Cal............ ... ... ... e eeeaas opposite. .
Scene at mouth of cafion of the Virgin River, near Shonesburg,
Utah. ... i i e e opposite. .
Dripping Pool, Kanab Caiion, near the Colorado..... opposite. .
Headwaters of Paria Creek, from rim of the basin, Southern
Utah. ... e e opposite. .
El Vado de los Padres, Colorado River.............. opposite. .
Crossing of the Colorado River near mouth of Paria Creek.
opposite. .
Aboriginal life in the Navajo country, near old Fort Defiance.
opposite. .
. Sandstone walls in Cafion de Chelle. N. Mex......... opposite. .
Cooley’s Park, Sierra Blanc¢a Range, near bamp Apache, Arizona.
opposite. .
Alpine lake, summit of Cerro Blanco, near Fort Garland, Colo.
opposite. .
Beaver Park, valley of Conejos River, Colo.......... opposite..
Lost lakes, bead of Conejos Kiver, Colo., glacier peak in the
distance .. ........ .. ..o e opposite..
Fisherman’s Peak or Mount Whitney, highest of the Sierra Ne-
vada, near head of Kern River, Cal............... opposite. .
The start of the river party from Camp Mohave, Arizona.
opposite. .
Black Caifion of the Colorado River,camp 8.......... opposite..
Maimum, a Mohave Indian of the river party ........opposite..
Black Cafion of the Colorado iver, from Mirror Bar..opposite. .
Month of the Lower Grand Cafion of the Colorado Kiver.
opposite. .
View looking south into the Grand Cafion of the Colorado River,
from Sheavwitz Crossing ........ .... e opposite. .
Grand Cafion of the Colorado River, near mouth of Kanab, Wash.
' opposite. .
Grand Caiion of the Colorado River,near Paria Creek. . opposite. .
Colorado River party reaching mouth of Diamond Creek.
opposite. .
Mountain stations (Form I Honzontal Sketch); scale, 1 inch to 1
mile (approximate) ....... .. ... il opposite. .
Mountain stations (Form II, Horizontal Sketch); scale, 1 inch to
4 dEBreeS .ccvur ittt ittty tanan teee raan opposite. .

5

Page.
25

40
41

b1
52

52
53

74

75
75

76

77
87

87

97
156
158
158
159
163
164

168
168

169
353

365



XXVIIL

XXVIIIL
XXIX.
XXX.
XXXI.

XXXII
XXXIIIL
XXXI1V.

XXXV.

XXXVI.
XXXVII.
XXXVIIIL

LIST OF PLATES.

Main route and side meanders, and topographical stations
(Form III), scale, 1inchtolmile ............ ... .. ...

Topography (sample from plotting sheet); scale, 1 inch to 2 miles -

The Island of Antilia, by Benincasa, 1463 .. .... .. e e
America, from Ptolemeus, Edit. Rome, 1508 ......._.........
Auerica, from a Frankfurt globe, about 1520, and from map of
North America, by Ortelius, 1589 .......... .. e
North America, by Zaltieri, 1566 .......... ... ...............
From ¢ Hondius” Ed., 1609, Amsterdam ......................
North America, from Purchas, 1625... .. ... ... c.coiiianaa...
From map of North America, by F. de Wit, Amsterdam, about
1670 ... ... il oLl s e e e e
From map of North America, by Join Senex, F. R. S., 1710 ....
From map of North America, by Edward Wells, M. A.,1722....
From map of North America, by Thomas Jeffreys, 1782 ........

LIST OF MAPS.

1. Map showing routes of parties exploring Grand Cafion of the Colorado;

scale, linchto6miles............. .. ... ..., opposite. .

2. Sketch indicating advancement of public land, military, and geographical

surveys, west of Mississippi River; scale, 1:3000000. . . .opposite. .

3. Sketch indicating distribution of the United States into convenient dis-

tricts for Government topographic surveys, with index rectangles
for topographic atlas................ e cencananenns opposite. .

Page.

356
397
498
499

501
504
506
507

509
510

511
512

170

412

436




LETTER OF TRANSMITTAL.

UsiTep STaTES ENGINEER OFFICE,
GEeoarapHICAL SURVEYS WEST oF THE ONE HUNDREDTH MERIDIAY,
Washington, D. C., June 1, 1879.

GeneraL: I have the honor to forward herewith manuscript of Volume
I, the last of the quarto reports of this office, the publication of which is
authorized by acts approved June 23, 1874, and February 15, 1875.

This affords a pleasing opportunity once for all to express my thanks
to the large number of assistants, officers, civilians, and others whose
genuine enthusiasm for their various tasks has alone made possible the
systematic production of so great an amount of geographic, geologic, and
other scientific material.

The aid extended by the supply branches of the War Department has
added materially to the augmentation of results.

Very respectfully, your obedient servant,
GEO. M. WHEELER,
Captain of Engineers,

In charge.
Brig. Gen. H. G. WriGHT,

Chief of Engineers, United States Army, Washington, D. C.

Nore.—This report, brought substantially to a close in June, 1879, was
not presented for publication until 1887, from press of other duties and sub-

sequent prolonged illness.
7







INTRODUCTION.

The area within the United States west of the one hundredth meridian
of longitude (1,443,360 square miles) embraces, entire, the basins of the
Colorado (270,000 square miles), Interior (208,600 square miles), Coast
(100,900 square miles), and Sacramento (64,300 square miles); also, that
part of the Columbia (215,700 square miles) south of the forty-ninth par-
allel, and portions of the basins of the Missouri (338,200 square miles),
Rio Grande (123,000 square miles), Arkansas (75,5600 square miles),
Brazos (84,800 square miles), and the Red River of the North (3,360 square
" miles).

Of the above approximation 993,360 square miles is of a mountainous
structure, the many ranges surrounding interior plateaux and valleys, while
the remainder (450,000 square miles) is composed of the ‘“mauvaise terre”
of the northern,* plains” of the interior, and the ‘ staked plains” of the
southern, latitudes. _

The approximate average elevation above sea of the total area west of
the one hundredth meridian is approximately 4,225 feet, the volume of the
mass above this level being 1,155,201 cubic miles, while the approximate
average altitude of the area of 359,065 square miles covered by the survey

is approximately 5,000 feet, or corresponding to a volume of 340,024 cubic
' miles. ' ) :

The Colorado, Columbia, Missouri, Rio Grande, Arkansas, Sacramento,

Brazos, Pecos, and Red Rivers are the principal lines of drainage of the fol-
9
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lowing approximate total lengths and parts thereof comprised within the

above area:

Length tal Len,
Name of river. Total | oot of 100th Name of river. To weast of 100th
Yength. | " eridian. length. | ™ o ridian,
Miles. Miles. Miles. Miles.
1. Colorado ................ 1,678 1,678 || 6. Sacramento ......... 270 270
2. Columbia ...... 1,350 1,350 || 7. Brazo8 .c..ocoviannnns 770 150°
8. Missouri ......... 2, 824 1,600 || 8. Red River 1,200 176
4. Rio Grande 1, 800 1,620 || 9. Pecos cocveevuannnn-n. 600 600
5. Arkansas .....c......... 1,539 500

The Great Interior Basin that, on account of its present state of desic-
cation, is without outlet to the sea, has its own system of drainage and
reservoirs, marked by a number of minor streams, such as the Humboldt,
Sevier, Bear, Carson, Walker, Truckee, and Owens Rivers.

The following determined volumes have been noted for the streams

given herewith :

Total Total drain- | Length in ares Navigable west of 100th meridian.
No. Name of river. length, a.pi age area, a west o(ti'j 100th - vy
proximated.| approXimated. meridian. iles,
To what point, approx.
Miles. Square miles. Miles.
1 | Lower or main Mississippi- 1, 286 1, 256, 050 0 | All east of 100th meridian 0
2| Yazoo ...........oiailn 500 13, 850 0 | Not navigable ............... . 0
3 380 10, 500 0]...... [ R feeieeecsanaans 0
4 1,200 97,000 175 No}dpavigable west of 100th me- 0
ridian.
5 1, 514 189, 000 500 |...... s (YU 0
[ 1,330 169, 000 0 | All east of 100th meridian - 0
7 2,908 518, 000 1,600 | To Fort Benton ..... 1,225
8 1, 350 215, 700 1,350 | To the Cascades.. 130
9 270 64, 300 270 | Tehama Rapids... 233
10 1,678 2179, 0060 1,678 | Mouth of Grand Cafion . ........... 460
{West of 100th Not navigable west of 100th me-
meridian.) ridian.
11 | Rio Grande...cccceuee.n.. 1,800 23, 600 1,620 [eeameccaccienecnnaieonnacn ceccoranen. 0
Volumes of discharge.
No. Velocityin | Discharge Remarks,
By— Locality. Date. feet per per sec-
second. ond.
Qubic feet.
1 {Humphreys & Abbot.. 675, 000 Physics and Hydraulics of Missis-
8ippi River, pages 92 and 93.
43, 000 Physics and Hydraulics of Missis-
s1ppi River, page 93.
31, 000 Physicsand Hydraulics of Missis-
sippi River, page 92.
57,000 3,300 square miles in area west of
100th meridian; Physics and
Hydraulics of Mississippi
River, page 92,
63, 000 75,500 square miles in area west
of 1Mth meridian; Physics and
Hydranlics of Mississippi
River, page 92.
.| 165,080
120, 000 2,824 miles to mouth of Three

Forks; Physics and Hydraunlics
of Mississippi River, page 92.
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Volumes of discharge.
No. Velocity in | Discharge Remarks.
By— Locality. Date. feet per per sec-
second, ond.
CQubic feet.
8 | Estimate of Board of |.c.ccvoeeiuceonecesfenceecancnneci]nmanneaaniin. 300, 000 (Mean). Sen. Ex. Dooc. No. 13,
Engineers. 47th Cong., 2d sess., géxge 3.
9 | W. H. Hal), State en- | Highest known. }Dischar o { 205, 000 cu.ft. [(Average.) | Snag-boat has reached Red Blu€,
gineer of California. Oréllngry high 80-| 165, 000 cu.ft.| 30,000 248 miles.
ood.
10 | Lientenant Bergland .| Stone’s Ferry..... Aug. 11,1875 8,217 | 18,413.38

Do Camp Mohave....{ Sept. 83,1875 1,250 | 11,623.43 | United States Geographical Sur-
. veys west of the 100th meridian.

Do ..| Fort Yoma . ..... Mar. 15,1876 2,809 7,658. T4 o

P. W. Hamel Ng&r Camp Mo- | Sept. 15,1871 8,006 | 16,232.00 “

ave,
Lieutenant Michler. ..| Mouth Gila River.| Dec. —, 1854 3, 000 6,249. 00 ;| Mexican Boundary Sarvey.
11| L. Nell cooeanvnea..o.. Polonas, N. Mex ..| Sept. 19, 1878 2, 560 856.40 | Lowest water; United States
Geographical Surveys west of
the 100vh meridian,
Do.ceecnnrnnnn... Fort Selden, N. M..[ Oct. 38,1878 2,222 640.75 “

Lieutenant Bergland .| Del Norte, Colo...| June 22, 1877 5,300 4,685.50 | High water. do.

NoTte.—The following measured discharges have been found for minor streams, a part or all of which lie west of the
100th:meridian: (1) Kansas River, between Wamego and Saint Mary's, 2,500 cubic feet per second, in September, 1878,
{aken at stage of about 4 feet above low water; (2) Yellowstone, at Fort Keogh, near mouth of Tongue River, September,
1878. 14,462 cubic feet; at same point in October, 1879, 6,505 cubic feet per second; Willamette, at oue-fourth mile below the
northern boundary of Portland, in fall of 1876, at stage of 3} to 4 feet above 0 or low water, 13,108 cubic feet per second,
average velocity, 3,98 feet per second. and later at 9 feet (approximated) above low water, 51,590 cubio feet per second;
(4) confluents of Great Salt Lake (Bear, Weber, and Jordan Rivers and miscellaneous), March and April, 1878, 4,386 cubic
feet per second (during rising water ard %)rior to commencement of irrigation); (5) Gunnison, below Tumichi Creek, No-
vember 5, 1875, 373.5 cubic feet per second.

For authority for the above see (1) A. R. C. of E. 1879, App. O, p. 1092, J. D. McKown, under Major Suter; (2) A. R.
C. of E., 1880, App. R, p. 1476, Lient. Maguire; (3) A. R. C. of E., 1877, App. JJ, p. 1009, R. A. Habersham, under
Major Wilson; (4) A, R. Geographical Surveys, 1879, App. D, p. 229, Lieut. Young; (5) A. R. Geographical Surveys, 1878,
App. A, p. 105, Lieut. Bergland.

The backbone of the continent within the boundaries of the United
States, or the water-shed between the Interior and Pacific (approximately
1,850 miles in length), consists of a number of distinct ranges separated by
noticeable passes easily approached from the eastward or westward, and to
which the appellation ‘“Rocky Mountains ” has been given.

This name fades away as the true condition of its topography be-
comes known from actual surveys, and each of the several ranges claims a
title.

The mother mass of this water-shed consists of the Saguache and
Snowy Ranges in Colorado (about 425 miles in length) that, begin-
ning at the head of the broad San Luis Valley, extend northwardly with
a single break or marked depression at the head of the Arkansas, and be-
come lost in the lower levels only as the ridges leading from Long’s Peak
reach the plains in this direction.

To this group of serrated ridges the name of ¢Sierra Madre” has been
given, and no other mountain mass within our borders so well deserves the
title, except perhaps the Sierra Nevada and Cascade Ranges, that within
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United States territory are more local in their position, neither do they so
truly form part of the great main line of continental uplift extending from
the Isthmus of Darien to the Arctic Sea.

To describe the physical characteristics of the multitude of ranges as to
their more important topographic relations alone, would fill volumes, and,
indeed, even that could not be done for parts of the area that have not yet
undergone instrumental survey.

Among the most important are the two just named, the Sierra Nevada,
Cascades, Wahsatch, Uintah, Salmon River, Humboldt, Wind River, and
many others.

The Coast Ranges of California and Oregon, and the large number of
subordinate chains of the Great Basin, and other portions of the elevated
plateau aggregate not less than 161 distinct ridges or mountain chains, with
serrated axial profile of not less than 20 miles each in length, disposed ac-
cording to political divisions as follows: Nevada, 49; Arizona, 15; New
Mexico, 27; Utah, 25; California, 24; Colorado, 11; Wyoming, 4; Mon-
tana, 1; Idaho; 4; Oregon, 1 (part of Cascade Range only); Wyoming, 0;
Texus, 0; Nebraska, 0; Dakota, 0; Kansas, 0; and Indian Territory, 0.
Total, 161. _

Of the above 143 distinet and separately named mountain ranges, dis-
~ tributed as follows: Nevada, 46; Arizona, 12; New Mexico, 25; Utah,
25; California, 20; Colorado, 11; Idaho, 3; and Oregon, 1; total, 143;
independent of numbers of isolated groups of mountains as well as plateaux
and mesas, have fallen within the area under survey.

Of the groups of named mountains, having no regular trend, there are
found 103 within the surveyed area,and 93 exterior; and of the 41 prin-
cipal plateaux, already named, lying west of the one hundredth meridian,
36 fall within the surveyed limits and 5 without

The aggregate number of ranges, mountain groups and plateaux(not in-
cluding a number of minor subdivisions, that make up the Great Colorado
Platean) is three hundred and ninety-eight (398).

The ranges, mountains, and plateaux (37, 72, and 5 in numbers, re-
spectively) lying outside the region surveyed, are taken from the names
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given upon the latest edition of the Western Territory map of the En-
gineer Department, which number will doubtless be augmented when a
detailed instrumental topographic survey of this territory is made.

The great mountain forms, which consist for the most part of up-
turned and corrugated strata, have been divided into ranges and mountains,
the former confined to persistent ridges with distinct axial trend of not less
than 20 miles in length each, the latter referring to the groups of mountain
masses thrown above the general level with distinctive orographic features.

The plateaux are tabular shaped formations, usually of sedimentary
character, although often volcanic capped, standing apart and above the
general level, being of ih°egular form and heiéht, showing usually bold es-
carpments along at least one well-marked portion of their perimeter.

An attempt has been made to confine where possible the adjective use
of the word “ Mount” to a single isolated structure, as ‘Mount Taylor,”
and attaching names to the summit of the peaks, the latter being a topo-
graphical feature, appreciable in extent, susceptible of exact geographical
location, and more easily described with a definite individuality.

The passes from east to west are more limited in numbers, and yet the
practicable ones for routes by rail or common roads are found to increase
upon diligent search, while ranges considered impassable a decade since
are now climbed by the narrow-gauge tracks in their search for mining
and other markets found in the local objective points of these rugged regions.

The extended plateaux of the Colorado Basin and other localities west
of the Continental Divide, and between it and the Sierra Nevada and
Cascade Ranges, exceed in dimensions the plateaux and mesa system of
Old Mexico, and the dry interior climate at elevations from 3,000 to 7,000
feet and above, south of the 40th parallel, is doubtless as lovely as any of
the typical Mexican climes of the high interior valleys, and, when clearly
understood as civilization advances, will furnish numerous spots noted for
their climatic efficacy. '

The Colorado Plateau, first named by the writer in 1868, covers, in
its various mountain plateau and mesa forms, at least 100,000 square miles
in Utah, Colorado, New Mexico, and Arizona.
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The sub-plateaux, defined by the varying uplifts and subsequent de-
nudations, are severally named. Erosion, through the sedimentaries that
are the basis of its structure (and of the primitive rocks in some instances),
has given rise to the Grand Cafion of the Colorado, a gorge without par-
allel, so far as known, for its high and nearly perpendicular walls, tortuous
windings, and great length. Other cafions of extraordinary magnitude are
the Glenn and Uinta of the Colorado River, the “Grand” of the Arkansas,
the Canion of the Yellowstone, while the Colorado, for the greater part of
its length, is essentially a cafion river, and the Snake River flows through
deep rocky gorges for much of its distance, and minor cafions of varied
dimensions are to be found in or along the flanks of every prominent
mountain range. ,

The principal falls are those in and around Yosemite Valley, more
noted for their vertical dimensions than those of the Yellowstone, the Great
and Little American on Snake River, and certain minor instances along the
Columbia- and Colorado Rivers.

The Yosemite Gorge has become justly famed as one of the most
picturesque, and is especially unique at the season of high water.

The Yellowstone Park (so called) is one of the later wonders, on ac-
count of its geysers, mud and thermal springs, waterfalls, and™ beautiful
lakes.

But few of these Western valleys are of erosion, and these compara-
tively narrow and occupying but a small area. The great detrital, plain-like
valleys occupy the interior spaces between the positive ranges and plateaux,
while the character of the extended plains, uniform as to elevation, the
wrinkles of which are mostly from erosion, extending from the 100th me-
ridian to the base of the mountains, is well known from descriptions of
travelers and explorers of all grades.

The deserts (so called) are portions of the Lower Colorado Valley
(now crossed by a railroad), the Mohave, Death Valley, Amargosa, Ralston,
Humboldt, Quinn’s River, and the Snake, thus reaching in patches from
the Mexican border to the Columbia, between the meridinal limits of the
Wabhsatch and Sierra Nevada.
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Sand dunes are noted particularly in the Colorado, Death, Amargosa,
Termination, and San Luis Valleys.

Numbers of natural parks or extended glades have been discovered in
the mountainous portions of Colorado, New Mexico, and Arizona, and
especially by the writer in the area embraced by the heads of Little Colo-
rado, Gila, San Francisco, and Salt Rivers.

The name has been erroneously applied in Colorado to those extended
systems of detrital valleys inclosed by high encircling ridges called North,
Middle, and South Parks, that are not particularly different” from similar
encompassed valleys, debouching abruptly in the direction of the flow of the
waters, but wanting in that apparently artificial distribution of nature’s
bounties to be found in the glade-like parks above mentioned, and indeed
others along the southeastern portion of the Great Colorado Plateau.

The number of peaks between 10,000 feet and 15,000 feet within the
entire area, so far as now known, and measured and computed by this office,
is (560) five hundred and sixty, Mount Whitney, or Fisherman’s Peak, in -
the Southern Sierras, enjoying an elevation of 14,470 feet (barometric), be-
ing the highest that has been carefully measured barometrically. The num-
ber both measured and computed by the Survey within the limits between
5,000 feet and 10,000 feet can only be given quite approximately as (882)
eight hundred and eighty-two.*

Areas of depression below the level of the sea are found in the Colorado
Valley north and west from Fort Yuma, covering a space of approximately
1,600 square miles, and portions of Death Valley, in Eastern California.

The lakes of the Great Interior Basin, acting as reservoirs, are largely
saline and alkaline, while the number in other localities is large, especially
those little lakes near the crests of important mountain ranges. The most
remarkable one, examined and called Crater or Mystic Lake, northwest of
Fort Klamath, on the summit of the Cascades, evidently occupies an old
eruptive vent, the surface of the water being not less than 900 feet from
the lowest point of the rim of a number of lava beds of various colors and
separate flows, that constitute the incasing walls of an oval of approximately

* These represent only a part of all existing peaks, as also but a portion of those determined in
altitude. (See Appendix A and special volume Geographic Positions, &c., royal 8°.)




16 U. S. GEOGRAPHICAL SURVEYS WEST OF 100TH MERIDIAN.

Tby 9 miles. The greatest height of the almost perpendicular wall is about
2,200 feet. A small conical extinct crater of basalt rises out of the western
end of the water, which is pure and cool. Although no visible outlet is
known, yet one is possible, and the relative elevations permit that streams
emerging from beneath the lava beds at both the eastern and western slopes
of the Cascades should have their actual sources in this unique reservoir.

The sedimentary strata and crystalline rocks are broken through in many
localities by basalts and older lavas, the vent points being marked in some
instances by the residual typical cone, great fields of which are noted near
San Francisco Mountain in Arizona, while the lines of eruption of the many
overlying and intercalated masses of the more ancient lavas is naturally
veiled from view.

The areas embraced by these lavas, except the basalts and trachytes,
prove in most instances as indexes to deposits of the precious metals where
search has been made, and will gradually become the alphabet of the more
careful and intelligent prospecting of the future as mining advances into
this extensive region. ‘

The high mountain areas, that are perpetually covered with snow, are
comparatively slight, and confined to the ravines sheltered from the sun’s
direct rays. Thisis due largely to the relatively small amount of rain and
snow fall existing at the present stage of desiccation of this portion of the
continent, the elevation of many ranges being amply sufficient with proper
humid conditions to justify the presence of extensive active glaciers.

The permanent source of supply from glacial masses, so efficacious in
rendering certain the plans for irrigation in India and Italy that have the im-
mense snow and ice storehouses of the Himalaya and the Alps, respectively,
is wanting in the West; the winter snows melt rapidly and their moisture is
soon transmitted below the lower levels, that most require irrigation, hence
all plans looking to a successful recuperation of parched lands by the use
of water must depend upon a larger than the usual modulus, upon the
minimum of the running waters for the season, assuming a safe percentage
of the additional volume that may be obtained by storage reservoirs.

Artesian wells may be made to increase the practicably arable areas by
appreciable amounts at minor spots, but on no considerable scale.
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Observations for the classification of the lands for map delineation into .
(1) Arable or agricultural, (2) ‘timber, (3) pasturage or grazing,<4) arid
or barren, having been conducted over an area exceeding 175,000 square
miles in California, Nevada, Idaho, Wyoming, Utah, Colorado, New Mexico,
and Arizona, there appears as a result the following approximate percent-
ages: (1) Arable, 4.77 per cent.; (2) grazing, 49.37 per cent.; (38) timber,
26.94 per cent.; (4) arid, 16.95 per cent.; water and marsh, 1.01 per cent.;
and chaparral, 0.96 per cent.

The locations of hundreds of points at which the precious and economic
minerals occur but substantiate the belief gradually gaining ground of the
almost unlimited prospective supply; the development of which is constautly
being rendered more economic and certain.

The highest percentage reached for any single sheet by the “arid and
barren” is 53.32, while the ‘“arable,” although relatively of meager amount
(23.83 per cent. being the highest noted), will be increased somewhat by the
artificial process of irrigation systematically conducted. o

Evidences of extinct glacial action are numerous; and have been noted
by observers for periods of years. The detrital floors of many of the valleys
are the result of this action, and the detailed shapes of several prominent
mountain ranges, especially in Colorado, Utah, New Mexico, and Califor-
nia, have been governed by the grand carving of glacial beds.

. A possible connection between the lacustrine beach of the ancient
Lake Bonneville, that once covered the present Salt Lake and Sevier Lake
‘Basins entire, and the deep-fluted carvings along the eastern flanks of the
Snake Range in KEastern Nevada was observed in 1872, indicating that
glaciers existed during the period that portions of the Great Interior Basin -
were covered by extensive lakes draining toward the Pacific.

Mineral and thermal springs in considerable numbers have been noted
in this region, and, up to 1875 not less than 120 had been located and
reported upon. (See vol. 3, p. 150.) ' L

The lower levels of the detrital plain-like valleys, more especially of
the Great Interior Basin, are marked by alkaline and saline flats, or mud
lakes, of many square miles in extent, impassable in seasons of rain and

snowfall, and the plague of these desert-like areas in times of drought.
2 WH—VOL I
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The various sedimentary systems have been made in many localities
to give forth their treasures of invertebrates and vertebrates, thus adding
new forms and marking a wider distribution of others.

To the paleontologist the vision of still rich fields in which are en-
tombed the remains of the faunal and floral life of the fossil-bearing forma-
tions is as attractive as the belief in the hoped-for bonanza to the miner,
and somewhat alike; the surface alone has been but skimmed in either
regard. ,
Great additions have been made by the Government and other explor-
ing parties during the past twenty years in the identification and distribution
of the living fauna and flora, still there is a vast field for intelligent re-
search into the details of distribution and variations of the multitudinous
forms of animal ard plant life. _ ,

While the geologist has ample room to reduce to a system the rock
exposures as well as their origin and history, and the mineralogist to inves-
tigate and determine as to their constituents in this area of, approximately,
1,500,000 square miles, possessed of altitudes varying from 200 feet below
to nearly 15,000 feet above sea-level, the student of antiquity of the ancient
races and their ruins and the present aboriginals has a horizon the value
of which is but just dawning upon the popular mind, and from the many
monuments marking the habitations of prehistoric peoples must come much
to aid in making clear the nature of the pre-aboriginals and their modes and
circumstances of life. '

The approximate number of Indians (pueblos and nomads) within the
area of survey was found to be 60,000, belonging to not less than thirty-
three distinct tribes. .

The white population therein, approximately, according to the census
" of 1880, was 631,067, that on account of the rapid influx of miners and an
associate population stimulated by constant discoveries of gold and silver,
and ever increasing railroad facilities, will doubtless be at least doubled in
the enumeration of 1890.

Of the different industries, mining takes the lead, except in the States
of California and Oregon, where agriculture has reached a distinctive
status.
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The commercial relations are principally of mining necessities toward
the interior, agricultural products toward the coast, and transcontinental
traffic by the Pacific railways. _

The future principal loci of the fixed industries of the entire country,
no matter to what point the center of population may drift, are, for agri-
culture, the empire of the broad drainage of the Mississippi Valley entire;
for commerce, at or near the principal harbors of the Atlantic and Pacific
coasts, the Gulf of Mexico, the great lakes, together with a number of
entrepot points on the main navigable streams; for manufactures, mainly in
the valleys leading to the Atlantic and Pacific, north of latitude 40 degrees;
while mining for the precious metals belongs more particularly to the
mountainous area of nearly 1,000,000 square miles of the western, or
Pacific coast slope, with exceptional localities in the Apalachian region.

The great Mississippi Valley may be made the home of not less than
.200,000,000. Millions more can find a reward for industry in the area
from the eastern base of the Continental Divide to the Pacific, while the
comparatively narrow belt called the “Atlantic Districts” (see sketch map
accompanying appendix E), being the strip along that coast, limited toward
the interior by the water-shed of the Atlantic streams, already numbers
its many millions. :

The reports of the “Geographical Survey West of the One Hundredth
Meridian” relate to 359,065 square miles, situate in fourteen of the fifteen
political divisions lying west of that longitudinal line. '

The actual area of survey from 1869 to 1879 (359,065 square miles) is-
distributed in the following proportions in the basins of “drainage herewith:
1. Colorado, 130,200 square miles; 2. Interior, 106,500 square miles; 3.
Rio Grande, 50,400 squaré miles; 4. Arkansas, 23,100 square miles; 5,
Sacramento, 22,900 square miles; 6. Coast, 11,900 square miles; 7. Co-
lumbia, 11,300 square miles; 8. Missouri, 2,765 square miles.

At the commencement (1869) the only transcontinental railroad through
this area was that of the Union and Central Pacific and their eastern connec-
tions; while to-day (January, 1887), the Southern Pacific meets the Atchi-
'son and Topeka, the latter branching to the Mexican coast at Guaymas,
making a through route, with connections to San Francisco and San Diego
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The Atlantic and Pacific has been constructed westward along the Colorado
plateau beyond San Francisco Mountain to join a branch of the Southern
Pacific at or near the Needles on the Colorado River, thus establishing within
a brief period three distinct lines to the Pacific, independent of the Guay-
mas connection; while the more northerly line (outside of the survey area),
the Northern Pacific, has been completed, and the Denver and Rio Grande
uarrow gauge has penetrated westward to Utah and southward toward old
Mexico. North and south lines have been opened, notably from the Cen-
tral Pacific Railroad at Ogden, Utah, Palisades, Battle Mountain, and Carson,
Nev., and local roads reach to the centers of production in many directions;
and thus gradually this land of mountain and desert, forest and waste, with
arable stretches at irregular intervals, is being reached by rapid transit from
thickly settled regions, and the products of the ranch and mine may now,
from a constantly increasing number of points, be carried with ease to an
ever-increasing circle of consumers. _

The Atchison and Topeka Railroad also has connection at El Paso
with the Mexican Central, already built to the city of Mexico, and other
routes are projected to enter Mexico from Texas, and other rail communi-
cation with our southern neighbor has been successfully inaugurated.
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CHAPTER 1.

AREAS OCCUPIED.

The several expeditions, from 1869 to 1879, inclusive, were enabled to
extend the observations required, upon which to base a detailed topographic
map, to embrace an area of 359,065 square miles, distributed as follows, viz:
New Mexico, 80,052 square miles (or 66 per cent. of its total area); Cali-
fornia, 64,906 square miles (or 41 per cent. of its total area); Nevada,
62,181 square miles (or 60 per cent. of its total area); Arizona, 61,876 -
square miles (or 54 per cent. of its total area); Utah, 38,969 square miles
(or 46 per cent. of its total area); Colorado, 33,041 square miles (or 32 per
cent. of its total area); Idaho, 8,877 square miles (or 10 per cent. of its
total area); Oregon, 8,842 square miles (or 9 per cent. of its total area);
Wyoming, 231 square miles; and Texas, 150 square miles. In addition to
these detailed topographic surveys, initial astronomic or geodetic points
were established in Nebraska, Montana, and Washington Territory.

Topographic sheets have already been issued that delineate 326,891
square miles of the above area, while the sum of small areas (mostly re-
maining in plotting-sheet form) insufficient to publish as entire atlas sheets
reaches 32,174 square miles.

A number of geologic maps, the iniiiative of a projected Geological
Atlas, based upon the above topographic sheets, have been issued as
material was gathered. :

The annual reports comprise, besides the simple operations for the
year, special descriptive and technical details.
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The main quarto volumes (eight in number), devoted to special sub-
jects (as astronomy, geology, &c.), are within themselves complete, as to
the subjects embraced, at the date of issue, and there hut remains the gen-
eral Geographical Report from the main body of which all allied and
techmcal material will be excluded. '

EXPEDITION OF 1869.

The expedition of this year traversed an area of (approximately)
24,428 square miles, including 24,028 square miles in southeastern Nevada
and 400 square miles in western Utah.

The basins explored and mapped were southern portions of the ¢ Great
Interior” and central parts of the Colorado, north and west of the great
southern bend. The principal streams encountered other than the Colorado
from south to north, are the ““ Virgin River” and Muddy Creek, a tributary
heading in Pahranagat Valley, with a small affluent having its source at the
head of Cedar Valley near the Utah boundary; also portions of the western
part of the Sevier Lake Basin, the Humboldt, and a number of southern
tributaries, independent of minor streams issuing from the mountain sides
and sinking within the confines of the neighboring troughlike valleys, that
are generally subordinate interior basins, integral parts of the elevated,
mountain-inclosed area, without ocean outlet, known as the ““Great Intenm
Basin.”

No1e.—The general route pursued by Lieutenant Wheeler in the expedition of
1869 was as follows: San Francisco, Cal., to Halleck Station, Nev., on the Central
Pacific Railroad; thence to Camp Halleck, Nev.; thence to Elko, Nev.; thence to Old
Fort Ruby, via Huntington Valley; thence to Hamilton, White Pine District, via Long
Valley; thence to Cave Valley via Steptoe Valley; th_nce to Preuss Lake, (so-called),
Utah, and return; thence to Panacca and Pioche via Cedar, Eagle, and Rose Valleys;
thence to West Point via Grape Vine Cafion and Meadow Valley Wash; thence to Las
Vegas via mouth of Virgin River, and northern bank of Colorado River to E1 Dorado
Cafion; thence to Indian Spring via Spring Mountain Range; thence to Pahranagat
District via Quartz and Summit Springs; thence to Monte Cristo Mill, White Pine
District, via Quinn Cafion and Railroad Valley; thence to Camp Halleck via White
Pine and Huntington Valleys; thence via Halleck Station to San Francisco.

The departure from the rontes above stated, in this as for all other years, con-
sisted principally in the detours necessary in the ascent of prominent mountain peaks,
and in traversing the adjacent ranges, and in visiting important mining camps.
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The measured mountain peaks above 10,000 feet approximately, are,
Halleck, Humboldt Range, with four others unnamed; Grafton and White’s
Peaks, Schell Creek Range, and one other; Union, Snake Range, and one
other, and Charleston, of the Spring Mountain Range, or eleven in all.

The trough-like detrital valleys between the nearly meridional ranges
have sensibly the same trend, and with few exceptions are valuable only
for grazing, on account of too great an elevation, poor soil, or want of water.
The exceptions are Ruby, Steptoe, Duck Lake, and Pahranagat Valleys,
with a number of smaller size near the borders of Utah, and where the
Mormons had tilled the scanty-sized fields to good purpose.

The plateau system, so well marked in the area surrounding the Grand
Canon of the Colorado, and so widely developed in the central portion of
the basin of this stream (named the ¢ Colorado Plateau” by the writer in
1871), has but a slight representation in the 1869 area, consisting princi-
pally in a number of detrital mesas, adjacent to and on the northwesterly
banks of this river, and along the most southerly area of the reconnaissance.
The population of the area embraced was sparse and confined to the few
cultivated valleys and occupied mining camps, and counted by a few thou-
sand except for the temporary influx into the White Pine District, while so
far as concerns topographic material, relating even to horizontal dimen-
sions, the then existing map of this region was almost a positive blank.

The early Government explorers who had previously crossed this area
in any direction, and whose reports have come under my notice, were
" Colonel Steptoe, along the northern portion in 1855; Captain Simpson,
Corps of Topographical Engineers, to the southward and in nearly an east,
and west direction while en route from Salt Lake City, Utah, to Carson, Nev.,
in 1859; Captain Frémont, in 1844, while en route to California, along the
lower route across the Great Basin first named by him; while in 1867 Major
Sidney Lyon, formerly an Army officer, traversed southeasterly from Austin,
Nev., to the Mormon settlements in southwest Utah. So far as can be ascer-
tained, no one of these parties determined astronomical latitudes or longitudes,
at points within the expeditionary area of 1869, except Captain Simpson.

The land surveys had advanced but little into this section, only ap-
proximately 8,500 square miles having been subdivided at the date of the
expedition, since which time, however, marked advances in settlement are
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shown by the advance of the surveys and by the mining claims in numer-
ous localities that have been entered and subdivided in accordance with the
mining law of 1872.%

The Indian tribes noted, and of which the total number approximated
2,500 men, women, and children, were the Shoshones, Gosiutes, Snakes,
Pah-vants, and Pah-Utes. None of these were on reservations, and roamed
at pleasure, eking out a purposeless existence, principally by hunting, fish-
ing, and from the store of pifion nuts found at infrequent intervals along
the foot-hills and lesser mountain groups.

While the greater number of these Indians profess to be peaceful, yet
massacres of small parties in isolated cafions were still of frequent occur-
rence. .

It was impracticable, on account of the rapid nature of the reconnais-
sance, to collect data by which to classify the lands, although it may be said
that grazing everywhere predominates, except for the many barren locali-
ties, while timber, mostly pine of the larger varieties, is found in the mount-
ain ranges at the higher altitudes, the pifion being noticed along most of the
rolling foot-hills in greater or less profusion:

A number of mining camps were visited, and areas, composed entirely
of the earlier grades of volcanic rocks, or of the junction between them
and the sedimentaries, indicated fields for careful and intelligent prospecting,
much of the former of which has since been done, while for long periods
these many ranges will hold hidden their mineral secrets, only to be revealed
as time, forced on by American activity, shall come to the rescue, and one
series of mining ventures after another follow in rapid succession, until this
industry, as applied to the precious metals, shall become more systematic
and fixed.

The water supply of the greater part of this area is extremely limited,
the rainfall of the valley portions seldom exceeding 4 to 5 inches per an-
num, although that of the mountains, including the winter snows, is con-
siderably greater. The Colorado River bounds the southern portion of the
area that is along its immediate northern banks, a mountainous and valley

- * 8urveys by General Land Office had subdivided 32,793,702 acres, or 51,240 square miles, in Nevada
up to June 30, 1886, out of an estimated area of 112,090 square miles for the whole State.
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desert, interspersed with mesas. The Humboldt, an inconsiderable stream
of the Great Interior Basin, skirts the northern portion. A few lakes are
noted in-the valleys lying east of the Humboldt Range—the reservoir of -
Sevier River and in Pahranagat Valley. But comparatively little land can
be restored by irrigation so far as could be determined from a cursory view.
Artesian wells will doubtless some day prove of local service along the
mountain flanks at selected localities.

The average mean temperature at the Signal-Service station at Pioche,
Nev., toward the southern portion of the reconnaissance area, for the years
1878, 1879, 1880, 1881, and 1882, was found to be 49°.8 Fahr. The max-
imum monthly average was 74° for August, 1878, and the minimum 26°.4
for January, 1882.

The average precipitation for the same period was 6.71 inches per
annum; the annual means varying between 8.36 inches and 4.67 inches.

The mean relative humidity for the above five years varies between
32.9 and 43.8.

The means of communicating along northerly and southerly lines are
amply practicable. Such routes have been availed of for the small number
of wagon roads needed in the condition of settlement of the country ex-’
isting in 1869.

The position of east and west routes is practically determined by the
mountain passes that exist in the several longitudinal ranges, and hence are
more limited in number. U pon favorable developments in the mineral areas
these valleys will be finally traversed by a system of narrow-gauge railways
(north and south), with feeders or arms extending laterally, east and west, into
the mountain cafions.

Nore.—Plate I is here introduced showing the plan and section of a cave in the
mountain limestone partially explored in Cave Valley lying due south of Steptoe Val-
ley, that appears to underlie a number of small buttes westward from the main range,
in which the same limestone appears heavily bedded. Its exploration was made by a
party of 23 to a right-line distance of 3,000 feet from the orifice, developing walls of
700 to 800 feet in height, with dry chambers for nearly 2,000 feet of the distance, the
balance approaching the sink at the furthest distance from the opening, showing the
presence and action of percolating waters, reaching a pit apparently terminal for this
level which it was found impracticable to explore for lateral connections, that may, for
all that is known, extend in any direction.
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North from Old Camp Ruby a distance of several miles a stream of
considerable dimensions was found emerging from the flanks of the Hum-
boldt Range, which could be followed for a distance within its limestone
walls to an orifice nearly filled by the volume of the discharge. This
volume was not less than 2,000 feet per second, hence its cutting power
with the velocity of emergence was very great, and doubtless along its
- course in the interior of the mountain structure passages of no little size
have been eroded, to appear at some later day in the drainage of this basin
as cave amphitheaters and avenues.

Thermal springs were noted at the following points: Near Elko; also
in Spring, Ruby, White Pine, and Pahranagat Valleys, at Panacca, in
Meadow Valley, and in the wash to the southward. (See vol. 3, p. 150.)

The mountain ranges are generally anticlinals, with doubtless the cor-
responding synclinal, with a similar strike, below each adjacent detrital
valley. Heavy limestone and quartzite beds are a-marked feature, over-
laid with rhyolitic or other eruptive masses, or as intruded beds, in many
cases the sedimentary formations being entirely covered. The rapidity
of the march gave no opportunity for either geological examination or
collection of specimens. Parts of the area of 1869 were again entered
in 1871 and 1872, when geologists and other collectors were added to the
personnel,

The superficial evidences of vein phenomena were many in the several
districts then located, and as a better understanding is had of the relation-
ship of the volcanic beds that are mineral bearing and the accompanying
country rock, there will be found, it is believed, much more to tempt the
miner. This wilderness of ranges and mountain ridges_found in the great
interior basin and other portions of the west visited by the parties of the
several expeditions impress one fully with the opportunities for persistent
mining when the same is converted, as is now rapidly being done, from
the position of a sporadic effort to that of a fixed industry. The number of
north and south mineral belts so called can scarcely be estimated; on the
thirty-ninth parallel it cannot be less than fifteen, according to present dis-
coveries, and the ground is scarcely scratched.
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Boundaries of the Great Interior Basin but imperfectly known along the
southern and southeastern rim were traced and many sub-basins, the waters
of which sink in the detritus or rocky strata of the plain-like valleys, were
made known for the first time.

The interior plateau climate of this so thoroughly desiccated region at
all elevations above 2,000 feet, during the summer months was found superb
in the extreme. From August 10 to the evening of October 27 not a rain
cloud had been noticed by night or day by the valley parties, and the brill-
iancy of the moon often made it possible to read by its light.

Partial lake terraces were noted in certain of the more prominent val-
leys, and it now seems evident from the lacustrine beaches, discovered, in
1871 by the expedition of that year and by Clarence King along the fortieth
parallel, that the larger share of the ¢ Great Interior Basin” was not long
since the bed of great lakes having outlets northwardly or southwardly to
the ocean .

These bodies of water have drained away, and residuals of a secular des-
iccation have dwindled to that condition of semi-desert now so well known,
the small reservoirs of Great Salt, Sevier, Humboldt, Winnemucca, Carson,
Walker, Owens, and a few minor lakes being the only water surfaces of the -
former expanse. ' :

The artemesia of the plain-like valleys holds sway throughout the
area, the bunch-grass clothes the foot-hills and the semi-mesas except for
the more desert part of the area on the south and near the banks of the
Colorado.

Certain of the valleys in the eastern part of Nevada are clothed with
well-bedded grasses in the bottoms that afford a natural annual yield of
both fair quantity and quality.

The mountain streams are stocked with trout. The varieties of fish
and animals of all descriptions are extremely few, as also the individual
specimens. The area is almost destitute of game except for such smaller
varieties as duck, geese, crane, and sage-hens. A few blue-winged grouse
are found in the higher elevations, and quail to the southward near the val-
leys, and deer have been noted in the Humboldt and other like prominent
ranges. In the southern or desert-like portions of the area rattlesnakes
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and reptiles were abundant. No Indian ruins were seen, and, indeed, the
student of antiquities will find but little to reward him in the region visited
by the expedition of this year. It was determined that the hypothetical lake
named ‘‘Preuss,” after Frémont’s chief topographer, and hitherto placed on
the maps as being crossed by the boundary line between Nevada and Utah,
was without doubt the alkaline flat (overflowed from Sevier Lake at seasons of
high water) lying to the southward of this lake, and between the Hawawah
and Beaver Creek Ranges. It determined also that several Mormon settle-
ments, containing about 2,500 inhabitants and several thousand acres of
tillable land, heretofore supposed to be in Utah, were actually in Nevada.

The minerals noted were mostly gold, silver, copper, lead, antimony,
iron, salt, gypsum, alum, and cobalt (silver predominating), the well-
known Meadow Valley mining district, with Pioche as a center, having
been the largest producer.

The towns were few, sparsely settled, and uninteresting; the many
short creeks from the mountain sides usually sink before reaching the cen-
tral portions of the valley. The discharge of the Muddy (more a creek
than a river) at West Point is not less than 5,000 inches, and of the peculiar
springs near Las Vegas, 1,500 inches approximately. The Colorado River
(traversed for 70 miles along its northern bank), with a drainage of 175,000
square miles, was afterwards gauged at Camp Mohave and Fort Yuma (see
years 1875 and 1876), and circumstances of its navigation were ascer-
tained during the river trips of 1871.

Of the twenty-three valleys traversed there was found not to exceed
250 square miles of arable land, of which 18,000 acres lie in Pahranagat
Valley, all of which practically requires irrigation.

The mountain peaks vary between elevations of 8,500 to 13,000 feet;
the vegetation reaching 11,500 feet where observed on the thirty-ninth par-
allel. The other elements regulating the superior altitude of vegetation
being (1) grade of slope, (2) mean temperature, (3) relative humidity. The
principal timber is of the pine, pifion, cedar, fir, spruce, and cottonwood
varieties, and may be noticed, in sparsely distributed forests, along the Hum-
boldt, Schell Creek, Snake, and other ranges; in the mountains south of
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White Pine and east of Railroad Valley; southeast of Clover Valley and
along the southern extension of Schell Creek Range at three points before
reaching the headwaters of the Muddy. Covering the foot-hills pifion and

- stunted cedar abound. The bunch grass of the rolling foot-hills, so luxuriant
and fine of fibre, is changed within the Colorado River Valley zone into a
coarser variety known as ¢ hard tack.”

Wherever land is cleared of large sage brush and broughﬁ under culti-
vation by means of irrigation, the underlying vegetable mold, always dark,
is found to furnish a most prolific soil.

In the portion of Southeast Nevada visited, the maximum temperature
of points up to 7,000 feet altitude noted was 100° Fahrenheit; the mini-
muin winter temperature reaching, as has been recorded, 15° below zero.

Mid-day temperatures in the shade, of 118° and 120°, were noted on
the banks of the Colorado, but scarcely so oppressive as those of 95° to
100° Fahrenheit in the more humid climate of the eastern seaboard. A
system of strictly scientific observations at selected points in the great in-
terior basins and the plateaux of the Far West at elevations from 3,000 to
8,000 feet will develop, it is believed, equable conditions of climate, show-
ing small actual and large relative humidities, and promising a salubrity that
cannot be found in other portions of the United States, where the rainfall
is so much in excess, and equal if not superior to the far-famed mesa sec-
tions of old Mexico; for the distinctive mesa and plateau forms only receive
their full development upon reaching the latitudinal confines of the United
States. | |

The rich, succulent bunch grass has been found most valuable for stock-
raising, and the areas suitable have been already largely, if not entirely,
utilized for this purpose. In 1869 cattle and sheep were being driven in
from distant points, even as far as from Texas, but horses and mules were
scarce. The soil is generally good for mountain roads, but they had been
poorly made, with scarcely an exception, and were wanting in repairs.

The highest point in this area is the summit of the Snake Range (baro-
metric height 12,063 feet). This peak had been named Jefferson Davis in
1854-"55 by Colonel Steptoe, after the Secession and Confederate leader of
that name. Mr. White, State mineralogist of Nevada, at the date of its as-
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cent for the first time by himself, myself, and party, suggested a change to
that of my own, which idea. was abandoned when it was learned that Cap-
tain Simpson in 185960 had, from the valley below, passed this locality
and suggested the appellation of *“Union,” which name has been adhered
to in the office of Geeographical Surveys. Although narrow-gauge railways
have not yet {January, 1883) entered any portion of the 1869 area, yet
elsewhere, in many sections traversed in the West, they have been intro-
duced with economic effect, and the prediction of the writer in 1868 to the
effect that for short meridional lines and local mountain routes this means-
of communication would prevail in the main, has been realized in scores of
instances. Special maps of this reconnaissance were made on scales of 1
inch to 6 miles and 1 inch to 12 miles; the material, later on, being incorpor -
ated into the atlas on scale 1:506,880, and where necessary into sheets, scale
of 1:253,440.

The material collected, supplemented by that of 1871, 1872, and other
vears, was finally incorporated and published in the regular topographic
atlas sheets, Nos. 40, 48, 49, 58, 59, and 66.

EXPEDITION OF 1871.

This expedition traversed and examined an area of approximately
72,250 square miles, including 18,811 square miles in Eastern California,
29,600 in Northwestern and Central Arizona, 23,039 in Southern and South-
western Nevada, and 800 square miles in Southern Utah, during an excep -
tionally long field season, commencing early in May and ending late in
December.

The basins of drainage, entered, traversed, and mapped, were central
portions of the *“Great Interior,” and of the Colorado of the West. The
principal streams surveyed, forming sub-portions of the above basin areas,
are the Humboldt with Maggie Creek and North Fork of its northern, with
Smith and Humboldt Creeks of its southern, tributaries; again to the south-
ward are the basins of the Virgin River and Muddy Creek, partly examined
in 1869, and that entire of Owen’s River, finding its reservoir-in the lake of
that name; the Mohave, also now known to be a member of the separated
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family of little interior depressions without sea outlets, making up the whole
of the undrained basin of the great interior plateau. The tributaries of the
Colorado to the southward, traversed and followed are: The Bill Williams
Fork, also its confluents, the Big Sandy, Santa Maria, &c., Little Colorado
and Diamond Creeks, and other creeks entering the Grand Caiion from its
mouth to that of Diamond Creek; the basins entered still further to the
south, as the San Carlos, Hassyampa, Agua Fria, Salt River, San Pedro,
and Santa Cruz, are affluents of the Gila, while in turn certain of the
prominent tributaries of the Salt River are the White Mountain creeks,
Tonto, Pinal, Cafion, also creeks rising in the Colorado Plateau, the Tonto
Basin, and the Sierra Blanca Range, many of which were visited and
explored for the first time by white men. ,

In order to render clear, in this connection, the purposes of this expe-
dition, a copy of departmental instructions is herewith:

. OFFICE OoF THE CHIEF OF ENGINEERS,
Washington, D. C., March 23, 1871.

SIR: The Secretary of War, in his orders of March 18, 1871, a copy of which has
been furnished you, has assigned you to the charge of the exploration, under the
direction of the Chief of Engineers, of those portions of the United States territory
lying south of the Central Pacific Railroad, embracing parts of Eastern Nevada and
Arizona. : ‘

The main object of this exploration will be to obtain correct topographical knowl-
edge of the country traversed by your parties, and to prepare accurate maps of that
section. In making this the main object, it is at the same time intended that you
ascertain, as far as practicable, everything relating to the physical features of the
country, the numbers, habits, and disposition of the Indians who may live in this sec-
tion, the selection of such sites as may be of use for future military operations or
occupation, and the facilities offered for making rail or common roads, to meet the
wants of those who at some future period may occupy or traverse this portion of our
territory. ‘

In ascertaining the physical features, your attention is particularly called to the
mineral resources that may be discovered, and, where the indications would seem to-
justify it, you should have minute and detailed examinations made of the locality and
“ character of the deposits. ) ’ i

The influence of climate, the geological formations, character and kinds of vegeta-
tionm, its probable value for agricultural and grazing purposes, relative proportions of
woodland, water, and other qualities which affect its value for the settler, should be
carefully observed.
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The latitude and longitude of as many as possible of the important points should
be accurately determined, and in order to assist you in this, it is suggested that you
make arrangements with the officers in charge of the United States Lake furvey and
United States Naval Observatory, so as to determine by telegraph the longitude of
those points nearest to your field of labor, with which your field-work can be con-
nected.

#* * * * * » #*

The following places are designated as convenient for depots, viz: Camp Inde-
pendence, California ; Camps Mohave, Hualapais, Whipple, and Apache, in Arizona;
and Camps Wingate and Bayard in New Mexico.

You will use your own judgment in modifying the plan proposed in the event of
any unforeseen circumstances or physical obstacles preventing an adherence to it.

To aid you in the discharge of these duties, Lieut. D. W. Lockwood, of the Corps
of Engineers, has been ordered to report to you, and you are authorized to employ ten
assistants as topographers, geologists, naturalists, &c., at salaries already authorized
from this office in letters of previous date; also, the necessary number of packers,
guides, and laborers to complete your party, the whole number of civilian employés
not to exceed thirty in number. You will procure your assistants, employés, equip-
ments, supplies, &e., at those points which seem to insure the most economical and
effective organization for the party, and are authorized to pay their actual transporta-
tion to and from and to subsist them while in the field.

* * * * * * *

You will communicate with this office as often as the means of communication
will allow, forwarding the usual reports and returns required by the regulations, and
such other reports as will keep this office apprised of your movements, and the progress
of the expedition under your charge.

* * * % # * "
Very respectfully, your obedient servant,
A. A. HUMPHREYS,
Brigadier-General and Chief of Engineers.

Lieut. GEORGE M. WHEELER,
Corps of Engineers, Washington, D. C.

Pursuant to these instructions the operations of the season were carried
out with great vigor, and a preliminary report, accompanied by a skeleton
map, scale 1 inch to 24 miles, was submitted and published shortly after
return from the field.

The routes of early explorers traversing this area are those of: (1)
Padre Escalante, 1776, en route from Santa Fe, N. Mex, to Great
Salt Lake, Utah; (2) Frémont, in 1844, also 1845, in his southern




EXPEDITION OF 1871. ‘ 33

route along the rim of the Great Basin, also from vicinity of Austin
to. eastern base of the Sierras, emerging via Owen’s Lake; (3) Emory,
1846-'47, with the California column along the Gila River; (4) Captain
Sitgreaves, in 1852, from the Zuii villages, westward to the Colorado
River, and thence along its banks to its mouth; (5) Lieutenant Whipple,
1853, along the 35th parallel route from Sunset Crossing to Los Angeles,
Cal.; (6) Lieutenant Parke, along the 32d parallel, in vicinity of Tucson,
to the east; (7) Colonel Steptoe, 1854-'55, from Salt Lake City into and
along the valley of the Humboldt; (8) Captain Simpson, 1859, from
‘Great Salt Lake, westward to Carson City; (9) Major Lyon (1867), from
Austin, Nev., to Southwestern Utah. :

The areas were joined with those occupied in 1869, and so on for the
successive seasons the work was develdped to.cover contiguous sections of
territory.

When the large latitudinal and longitudinal .expanse, the extensive
_area, the long lines traversed, the broken mountain and desert tracts
“entered and for the first time made known as a whole, the multiple number

of parties, their successful connection and co-operation, over a country
where supplies had to be transported to advance depots, is considered, and
when taken in connection with the successful ascent of the .Clolorado', the
determination of its practical head of navigation, together with the fact that
the regions south of the Colorado River, as well as a part of those to the

Nore.—The route travérsed by the officer in charge in 1871 was generally as
follows: Washington, D. C., to Halleck Station, Nev.; llalleck Station to Camp Hal-
leck and return; Halleck Station to Carlin; Carlin to Bull Run district and return;
Carlin to Bureka, via Mineral Hill; Eureka to Morey district; Morey to Meadow
Creek, near Belmont, via Tyboe district; thence to Hyko, Pahranagat Valley; thence
via Oasis Valley to Camp Independence, Cal.; thence to Cottonweod Springs via Cot-
tonwood Cafion, Death Valley, and Ash Meadows; thence to Camp Mohave via Ivan-
pah; thence to mouth of Diamond Creek via Colorado River and Grand Cafion; thence
to Truxton Springs; thence via Mineral Park to Hualapais Springs and to Camp
Hualapais; thence to Prescott; thence to San Francisco Mountains; thence via Rim
of Plateau to Tonto Basin and Camp Apache; thence to Old Camp Grant, Ariz., and
to Tucson, Ariz.; thence by stage to San Diego, by steamer to San Francisco, Cal., and
by rail to Washington, D. C,

3 WH—VOL I
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north of it, were infested by hostile Indians, making a perpetual guard a
necessity by night and day, all of this, coupled with the unflinching courage,
perseverance, and tenacity of the persomnel, one and all, make it apparent
that the exploration of 1871 was one of the most important and useful of
those intrusted to-my charge during eleven expeditionary years.

Indians to the number of several thousand were noted, belonging to
the following tribes: Shoshones, Pah-Utes, Chemehuevis, and Utes of Ne-
vada and California; the Seviches of Utah, and the Mohaves, Apache-Mo-
haves, Hualapais, Cosnifios, the Tontos, Pinals, Coyoteros, Mescaleros, and
Arivaipas of the Apachesin Arizona.

No census or enumeration claiming accuracy had been made in 1871
The greatest number of the White Mountain Indians (Coyotero Apaches)
at Camp Apache that had ever drawn rations at one time did not exceed
1,200 men, women, and children. It had been estimated that the total
number of Apache warriors would not exceéd 1,500; however this may be,
" their hardiness, in conjunction with a perfect knowledge of their broken
mountainous and mesa region, in which their homes were situated, made
them an enemy greatly to be feared. They were then entirely nomadic,
true mountain ‘Indizms, unaccustomed and hostile to the intrusion of the
whites, and restless and unsafe whenever on a reservation. The roaming
Indians lead a precarious existence, alternating between valley and plain,
foot-hills and mountains north of the Colorado River, subsisting on pine
nuts, seeds of all kinds, jack-rabbits, lizards, and a few small birds; while
south of the Colorado they live more upon game and fish, cook the mescal
and certain cactus plants, cultivate small fields, and have ponies. In the
valley of the Colorado small Indian fields of corn, melons, and squashes were
seen. From among the Utes and Pah-Utes found north and west of the
Colorado River, it was possible to obtain friendly guides, many of whom
proved most valuable in pointing out the little hidden springs and streams,
especially in the Death Valley country, Southwestern Nevada, and Eastern
California sections.

Indians were being fed by the military authorities at a number of
posts in Arizona, notably at Camps Apache, Grant, Verde, and Whipple.
The plan pursued at the former, that I had occasion to suggest while serv-
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ing on staff of commanding general, Department of California, was to issue
tickets to each sub-chief or head of a family, at a general gathering, when
all would be anxious to show their authority and get the greatest number
together, as a basis for furnishing rations, when in case next ration day any
members were absent, no rations would be issued to the particular family
or band, until the entire number were remustered and absentees accounted
for. This prevented the young bucks from being absent on the war-path,
while rations would still be drawn for them at the reservation or agency.
It is understood that this plan has since been tried with very good effect,
and might well be made general. Some of the worst, if not worst, Indians
remaining in the United States were those encountered in the lonely
marches, away often from either highways or trails, on this expedition,
whereas it is believed that ten years have so far changed the face of matters
that an escort is scarcely,.if at all, needed in any part of Arizona unless
during an outbreak, one of those periodical occurrences destined to come
without warning, while the Indian race (fast giving way before white
emigration) retain any of their native spirit. One cannot approach the
subject of the Indian without reverting to the Stage massacre (see Prel.
Rept., 1871, p. 29) near Wickenburg, Arizona (where three members of
the expedition were murdered), long since proven to have been committed
by Indians professedly friendly, and being fed at the expense of the Gov-
ernment. Maimum, one of the Mohaves of the river trip, who had formed
a great fondness for the ill-fated Loring, was largely instrumental in ferret-
ing out these red-skinned assassins, and some of their number were finally
found and punished during General Crook’s first command of the Military
Department of Arizona. This is one of the evidences of the mistaken zeal,
of the then peace-at-any-cost policy, that was for so long a time applied to
the settlement of the Indian problem. Unfortunately, the bones of mur-
dered citizens cannot rise to cry out and attest the atrocious murders of the
far-spreading and wide-extending border lands of the Great West, and
while the fate of the Indian is sealed, the interval during which their exter-
mination as a race is to be consummated will doubtless be marked in
addition to Indian outbreaks, with still many more murderous ambus-
cades and massacres. (1879.)
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The rapidity of movement and plans of the expedition, depending upon
reaching supply points at stated times, and long marches between waters,
did not permit of taking careful notes in the topographic record of the
various natural divisions, &ec., of the soil, nor of its cultivation, as was com-
menced in 1872, and developed in later years to an actual economic classi-
fication, reduced to percentages and shown graphically by colors on the
topographic map. Suffice it to say that much of the country traversed, such
as Death Valley, Armargosa Desert, and portions of the Mohave and Colo-
rado Deserts, are as unpromising sections as the sun shines upon, even were
it the depths of the “Sahara;” while fringed with smaller desert areas, con-
taining oases of appreciable extent, the ones above mentioned are almost
destitute of vegetation and water. Valleys near the railroad, like the Reese
‘River, are marked by narrow lines of cultivable ground, and much grazing
is met with, especially.in the foot-hills, and occasional patches of timber in
the higher ranges, reaching tracts of considerable size. Much of the region
belongs to the ‘‘Interior Basin,” and to that portion of the ‘Great Ameri-
can Desert” found in Southwestern Nevada and Eastern California.

Shortly after crossing the Colorado the scene changes, and the rolling,
broken mesas of the Colorado plateau are reached, where in many cases
large areas of luxurious grass abound, with timber of the fir and pine
species, one almost unbroken forest, except for intervening valley and glade,
extending from far to the north and west of San Francisco Mountains to the
eastward limit of the trip, the White Mountain Range, east of Camp Apache,
a distance of approximately 350 miles, and varying in width from 60 to 100
miles.

Within this large area lies the “ Black (juniper) Forest” of Ives, and
its extent is only limited by the heads of the Gila River, and the ranges
extending thence eastward, one by one, to the valley of the Rio Grande.
This forest is without doubt the largest, single, connected timber expanse
found south of the fortieth parallel and west of the one hundredth meridian.
Its elevation is from 7,000 to 11,000 feet, in most localities below 8,000.
The little glade-like valleys might, with much success, be turned to pur-
poses of agriculture and grazing. In 1871 but little of the arable or graz-
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ing land had come into the market even in Nevada, since which date it is
understood that subdividing surveys have covered the greater part of this
section; and when one considers the comparatively few acres out of
every hundred (not exceeding ten) that can be utilized by the farmer or
stock grower, in connection with the Western tide of emigration, it is not
difficult to see that before many decades every useful acre will be appro-
priated, in pursuance of the present land laws, when there will still remain
in the hands of the Geeneral Government sterile wastes, not alone of millions,
but tens of millions of acres, which, valueless for agriculture, stock raising,
or mining, must for a long time remain unoccupied, even with the most
liberal land-settlement laws. The cultivable area may be increased slightly
through surface and artesian-well irrigation in the southwest. and by re-
precipitation in adding slightly to the normal amounts of rainfall, from the
interposition of larger areas of evaporation, and through other causes. The
entire cultivable ground in Southern and Eastern Nevada is limited to
small isolated spots, or narrow lines, while certain valleys in Arizona re-
spond more liberally, notably the Chino, Williamson’s, and of the Verde,
in the north; along Salt River, in vicinity of. Pheenix, and of the Gila, near
Florence, and in vicinity of Pueblo Viejo at the south.

The Territory of Arizona, solong judged by the lines of transit through
it along the lower Giila and other desert sections toward its southern border,
bears a better character for productiveness of soil as its northern, central,
and eastern parts become opened up and known. Not less than 10,000
acres were cultivated at Phoenix in 1871. The artemisia, or desert sage,
disappears as the higher semi-plateau regions of Arizona are reached, and
is replaced by rich bunch and grama grasses and shrubs, although the
presence of a strong growth of artemisia is everywhere indicative of a fine
undersoil, but usually valueless from absence of water. Except for portions
of the Colorado Plateau and certain valleys in Arizona, the average per-
centage of arable and grazing land of the 1871 area was less than that for
any single year, the arid area being largely in excess, which is not strange
when one considers that the worst deserts of the West, . e., Death Valley,
Amargosa, Mohave, and part of the Colorado, utterly destitute of vegeta-
tion except in rare spots, contribute to the area.
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The mesas and valleys of the plateau systems and of parts of the
Great Interior Basin have become the home of thousands upon thousands of
cattle, to be limited iny by the number of acres actually valuable for
this purpose. The areas best adapted for grazing were all the open parts
of the Colorado Plateau, of the Tonto Basin, and portions of the Upper
Verde and Salt River, in Arizona. There is good grazing also in the Pah-
ranagat and Muddy Valleys and portions of the Virgin River, near Saint
George, Utah. The valley of the Upper Owhyee is exceedingly valuable
for stock-raising, but of little use for agriculture. Stock ranches, generally
small, were' noticed in many of these valleys, and commencing with the
advent of the Central Pacific in 1868 the valleys and adjacent mountain
sides of Central Nevada commenced to be appropriated for this purpose.
Fine grazing was also noted in the Hualapais and Sacramento Valleys of
Northwestern Arizona, but scantily supplied with water. Good grazing
also appears in parts of the valley of the Santa Maria and Big Sandy, both
tributaries of Bill Williams Fork. To sketch the different kinds of lands
would be to prolong this report far beyond a reasonable length.

Along the edge of the San Franeisco Plateau, after turning eastward
in going south from San Francisco Mountains, and toward Camp Apache,
the Tonto Basin, with limiting ranges to the south, stands out full in view,
an amphitheater of fully 250 miles east and west, and in width from 75 to
125 miles; showing, too, among its subordinate ranges large tracts of tim-
ber and many handsome grazing fields. The soil of the plateau is from
old volcanic rocks of the dark variety of trachytes, deep, dark, and rich
in most localities.

Forests of greater or lesser extent fringe the high mountains and plateau
in Nevada and Arizona. Pines are found reaching almost to the summit of
the Humboldt Range, near Camp Halleck, and southward towards Hastings
Pass. Here mountain mahogany (Cercocarpus ledifolius) reaches nearly the
altitude of spruces and poplars, and cottonwoods 1 to 2 feet in diameter
mark the streams of the several gulches. No trees were noticed in or near
Maggie Creek and Independence Valleys. Mountain mahogany was ob-
served in many localities along mountain sides in Central Nevada. The
summit of the Toquima Range enjoys patches of pines, while juniper and
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pinion ( Pinus edulis) are noticed at lower levels, as is the case formost of the
ranges in Central and Southern Nevada. The mountains northwest from
and near Saint George, Utah, have considerable pine growth, and a dense
growth of cedar is found at the head of the Grand Wash. Pine and scrub
oak are noted about Bill Williams Mountain. The “Black Forest” of Ives
is an area of densely-growing juniper, with pines and firs at the higher levels,
and east of Camp Apache a heavy wilderness of pine ( Pinus ponderosa,
Pseudotsuga Douglasii, Abies concolor and brachyptera), interspersed with
serub oak ( Quercus undulata), black walnut, and fir, appears. Heavy forests
cover large portions of the Natanes Mesa and Pinal Mountains. ~Cotton-
woods are noticed on most of the streams below the level of about 3,500
feet.

Juniper and pifion alone are found along that part of Reveille Range
facing Hot Creek Valley. Fir and pine in patches appear on the slopes of
the Timpahute Range, but only dwarf oaks at the foot. No timber of any
sort was noticed from this range westward via Oasis and Death Valley to
the Inyo Range; east of Owen’s River Valley (distance approximately 150
miles) juniper and pinon clothe many of the divides of the ranges in South-
western Nevada and Eastern California. 'On the San Francisco Plateau
spruce and fir may be found in patches above 8,500 feet in altitude. The
great forest of the Colorado Plateau extends southeastwardly for a distance
of 400 miles, ending only near the Rio Grande, its width being variable
and fully 100 miles at the greatest extension. It is estimated that the val-
leys and glades interspersed through it will reach 15 to 20 per cent. of the
area, where below 7,500 feet the land can be cultivated with safety at and
below latitude 33 degrees, and all of it is valuable for grazing. Thesoil is a
dark, deep, rich loam from the older lavas, and will some day respond to the
call of the farmer, especially when the pines of the lower levels are cleared.
This is a noble forest, both in extent and size -of trees, that grow tall and
vigorous, the forest area being joined substantially to that of the Tonto Ba-
sin. Up to this date, ninety-two mining districts had been discovered within
the field of the expedition, many of which were being worked on a lesser
or larger scale, Pioche being the most productive of all. These were all
located upon the map, most of them for the first time. Attention was in-
vited as to their locality, to mountain environment, the character of ore,
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matrix and country rock, with reference to the methods of reduction in
vogue. The areas within which it would be unavailable to search for the
precious metals have in many cases been pointed out, both mineralogically
and as regards geological exposures, and in certain instances, where the
character of the country rock and its surroundings seemed to justify it, favor-
able localities for prospecting were suggested.

~ This year increased the available evidence showing that, with the ex-
éeption of the older trachytes, the lavas more ancient than the basalt are,
in most if not in all cases, certain indexes of the favorable localities for
silver deposition, and more careful and intelligent prospecting should be re-
warded by uncovering ore concentrations of economic value in hundreds, if
not thousands, more districts within the many mountain ranges. Also, asa
rule, no croppings of the precious minerals have been noted along the south-
western portion of the Colorado Plateau, visited in 1871; but the Great
Tonto Basin has responded to the hardy prospector, with returns from its
hidden wealth, in a number of points, not known in 1871.

The railroad lines constructed within this area since 187i (at which
date it was necessary to use the Central Pacific as a base) are: (1) the Pali-
sade and Eureka; (2) the Battle Mountain and Austin; (3) the Atlantic
and Pacific; and (4) the Southern Pacific touching the 1871 area in its
more southern route from Florence to Tucson. ‘

A railroad from Carson City to the southeast, thence to follow south-
ward, and to the east of the Sierra Nevada, has clso been constructed as far
as Owen’s Lake.

As mines develop, advantage should be taken of the meridional valleys,
with Jow passes to the north and south, through which to carry lines be-
longing to the north and south systems, needed for the proper development
of the country.

The only lakes known to exist in the entire area of more than 72,000
square miles are Fish Lake, Nevada, and Owen’s Lake, California.

The Alpine Lakelet view (Plate II, a lithograph photographically based and

representing a mountain water gem) is typical of the mountain reservoirs so frequently
found, more particularly in the glacially carved ravines of the eastern flanks of the
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PLATE .1I.

ALPINE LAKE IN THE SIERRA NEVADA, NEAR CAMP INDEPENDENCE,CALA. ‘ _

1871
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Sierra Nevada, and marks also the storehouse of moisture whith, emanating from -
the perennial snow fields higher in the mountains, finds its source as well as the rng-
ged nature of its surroundings nearly at the level of where perpetual snow begins.

The peculiarity of the Plateau drainage, the aqueous cutting having
been largely through homogeneous beds, has not been favorable to lake
formation, although the rain and snow fall would amply supply very
large natural reservoirs, while north of the Calorado, and until the rim of
the Great Interior Basin is reached, the Cretacous sea might not so long
ago, geologically speaking, have extended, and again to the northward
the present condition of desiccation, inherent to this large expanse of
desert, does not now admit of the storage of water in these natural trough-
like reservoirs, they having for the most part become detrital valleys,
while evidences of old lacustrine beaches are noted in Owen’s River and
other valleys to the northward, similar to the Lake Bonneville, the western
edges of which were discovered in 1869 and further developed in 1872, so
have other ancient lake beaches within the Great Interior Basin been dis-
covered and their perimeter and relative elevations determined.

Outside of the streams noted, the water-from any source was precarious
and little in the extreme for the entire area north of the Colorado River and
to the south as far as the rim of the Colorado Plateau, where, although the
rain and snow fall becomes considerable, the number of permanent springs
is still small, partly it is believed on account of the high percolating power
of the underlying rocks. ' |

Plate II1I represents the surroundings of a typical mining enterprise, the Kear-
sarge, being the principal property high up among the eastern flanks of the Sierras,
in proximity to and westward from Camp Independence, Cal., with which it is con-
nected by wagon-road, terminating at the mines, far distant from railroad transporta-
tion, and where a turbine wheel of 134 inches in diameter, driven by a small stream
diverted from its mountain course, and given a fall of 156 feet, accumulates the force
required to operate a twenty-stamp quartz mill, and proves a most valuable substitute
for steam power.

The buildings, made of rough sawed pine, and the tramway to the mouth of
the mine, appear in the foreground and center of the illastration. The rude, simple,
at the same time wild and rugged exterior of these pioneer camps can readily be un-
derstood from the plate, which has been engraved from a photograph taken on the
ground.

The district contains fissure veius of silver-bearing ores, mostly carbonates.
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(EARSARGE MINING WORKS, KEARSARGE DISTRICT, EASTERN FLANK OF THE SIERRA NEVADA.
( NEAR CAMP INDEPENDENCE, CAL
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A cave eroded by water from mountain limestone was visited near
Mineral Hill, similar to one in Cave Valley, Nevada (1869), although of
less extent. The orifice leads into a large chamber fully 60 feet in width
by 70 feet in length, and from 40 to 50 feet in height. This chamber leads
along the main channel about 150 feet, then apparently closing, the sides
being covered with brilliant crystallizations.

The northern half of the 1871 area lies wholly within the Great Inte-
rior Basin, and the observations serve to fix its southern rim, hitherto but
illy defined, from the point at which it cuts the Utah boundary westward
to the Sierra Nevada.

The degree of desiccation reached in this portion of the Great American
Desert, especially in Death and Termination Valleys, the Amargosa Desert,
and the sink of the Mohave, is a maximum; and extending northward through
Ralston and a number of other valleys in Southwestern Nevada, and to the
southward in the valley of the Colorado, the arms of the desert elongate,
making one continuous chain of desert surroundings from the Mexican bor-
der as far north as the plains of the Columbia River in Oregon. There are
oases, indeed, within this long and wide expanse, and vegetation appears
even where all signs of humidity are absent, but the secular change being now
one of desiccation apparently holds sway over all. While the wet and dry
of the cycles of maximum and minimum rainfall are not yet determined
the averages of a given number of years afford but an inadequate, if not
incorrect, idea of the climatic oscillations in progress.

No coal croppings were reported during the entire trip except slaty
beds, comparatively unopened, near Carlin, Nev. The area reconnoitered
geologically was from 700 to 800 miles north and south and 100 to 250
miles east and west, the full report of which contains much detail concern-
ing structure. The observations were facilitated by the absence of trees
and soil, and large experience was had by the geologists in the broad field
of generalization on account of the extended region under view. Volcanic
beds are strewn with a liberal hand over the country to the southwest of Tim-
pahute Range, in Oasis Valley, Amargosa Desert and Death Valley regions,
while south of Termination Valley a large expanse of impassable basaltic beds
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- (quite recent) lift their frowning, impenetrable, and almost jet-black heads.
The granite ridge; forming the backbone of Telescope Range and falling
away to the northward, joins the extensive volcanic beds lying eastward of
the line of summits, which face directly on Death Valley, presenting rough,
ribbanded walls (made up of different-colored lava flows), to the westward
falling in gentle outline to the valleys through an eroded opening, of which,
at the eastern end of a grand granite amphitheatre, a stream breaks as if
by magic from the ground and keeps above the surface, being one of the
few water-courses in the Death Valley region, and known heretofore, as
were so many- similar cases, only to Indians. The eastern slope of the
Telescope Range makes an exceedingly abrupt descent of fully 10,000
feet into Death Valley, the area due east from Telescope Peak being below
sea-level. The view of this escarpment from the heart of Death Valley is
among the most picturesque of mountain scenes, and only equaled by
portions of the long, continuous, seemingly perpendicular walls of portions
of the Sierra Nevada facing Owen’s River Valley. The geological and
mineral collections, and others in the several natural history branches (in
zoology, botany, fossils, &c.), went to swell the large and varied collections
turned over to the Smithsonian Institution during a period of ten years, no
detailed record of the contributions having been kept at the Office of the
Survey until subsequent to 1876.

The remnants of ruins of a former race were noticed at many new
places in Arizona, nothing special having been observed north of the Colo-
rado. There is a wide field of search in the basins of the tributaries of the
Gila, Salt, and Verde Rivers and of southern portions of the Colorado itself,
some points of which have been touched upon in later expeditions, and
much of which remains as unexplored ground. Of the latter the valley of
Canon Creek, reaching Salt River within the Tonto Basin, as well as other
streams having their sources along the southern rim of the Colorado Plateau,
are still, so far as known, both unprospected and unopened.

The portion of the Interior Basin, to which the name of Great Ameri-
can Desert has been applied, was entered along its widest expanse, traversed
along a number of lines, its little oases made known, its general mountain,
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valley, and drainage configuration established, with such details as were
possible to obtain in a terra incognita of so great extent, so difficult of access,
and with no single route for hundreds of miles in any direction hitherto be-
ing known. The most striking change was noticed in the transit from the
low desert-like valleys of Southwestern Nevada, Utah, and Eastern Cali-
fornia to the high, rolling plateau of Northern and Eastern Arizona, where
the succession of high serrated ridges, so common to the northern area,
disappear, being replaced by sedimentary strata, covered by large lava
flows, and forming a region well grassed and wooded, of good climate, and
highly piéturesque scen‘ery. The southwestern portion of the Great Inte-
rior Basin, a considerable portion of which was demarked for the first time,
is made up of a number of local inclosed interior basins, like the Owen’s
River, Death Valley, and Amargosa, either of them terminating in an alka-
line flat or a reservoir like Owen’s Lake.

Pretty conclusive evidence was obtained connecting the basins of
Death Valley and Amargosa with that of the Mohave, as a part of the
same land-locked area, although the line of junction was not actually fol-
lowed from the depression between the two former with the reservoir sink
of the latter.

The valleys of Southwestern Nevada and Eastern California are, with
scarcely an exception, sandy desert wastes, generally accompanied by the
typical alkaline flat and mountain-locked. The ranges are, in the main, of
sedimentary formation, resting on granite, with, usually, numbers of geo-
logic horizons exposed, through which volcanic beds of varying forms
and ages have been interjected, constituting a series of wave-like anticli-
nals or reversed synclinals, along the latitude of 38° north from the Sierra
Nevada to the Wahsatch, a veritable ocean of mountains. As before
stated, only isolated farming spots occur, considerable grazing, more usually
in the foot hills, a scanty supply of timber, with great mineral possibilities,
but with an infrequent and inconstant supply of water is found almost
everywhere. The expedition gave a clear insight into the Grand Cafion
system and served to determine a part of the perimeter of the Great Colo-
rado Plateau, first recognized by the writer in 1868. As a type of the
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“ Box Canon " regions of Arizona, the country drained by the Santa Maria
from the Aquarius Range to the Juniper Mountains, is the most intricate,
interesting, and difficult. This was traversed in a northeasterly direction
by myself and southerly by Lieutenant Lyle, and embraces about 12,000
square miles. : ‘

The eroded walls of lime and sandstone are basalt-capped, presenting
every variety of contour, black, ugly, and frowning, with escarpments im-
possible of ascent or descent, except in friendly openings where the drainage
of minor side ravines had cut out more gentle slopes. This region was the
stronghold of the Apache-Mohaves, where they had hunted and fished for
unnumbered generations, and more lately murdered to their hearts’ content.

The area embraced by this expedition falls within and will be found
delineated upon the following Atlas Sheets, sixteen in number, viz: 39, 40,
48, 49, 57, 58, b9, 65, 66, 67, T3, T4, 75, 76, 83, and 8¢.

A reference to this expedition may be found as Appendix DD, A. R.
(. of E, 1872; also A. R. C. of E., 1871, p. 103.

'NOTE.—As a specimen of the hardships of the campaign, the march from the
northwest arm of Death Valley via Termination Valley to the Inyo Rauge may be
cited. _

The route lay for more than 39 miles in light, white, drifting sand, which was
traversed between 5 a. m. and 6 p. m., the center of the desert being reached about
meridian. ‘The stifling heat, great radiation, and constant glare from the sand were
-almost overpowering, and two of the command succumbed near nightfall, rendering it
necessary to pack one man on the back of a mule to the first divide on the route, where
a grass sward was reached at the end of the long, sandy stretch, while the second, an
old and tried mountaineer, became unconscious for more than an hourin nearly the
same locality. This bhappened, fortunately, near 6 p. m., when the sandy waste was
mostly behind us. With water from the canteens these men were restored to con-
sciousness, and the march resumed by moonlight, without trail or guide. A living
stream was reached between 3 and 4 a. m. at the eastern base of the Inyo Range, after
a continuous march of over twenty-three hours. Other marches of this trip, but not
in quite such desert sections, have extended from fifty to sixty and even eighty hours,
with scarcely a single halt. ‘ ’

EXPEDITION OF 1872.

The survey received the specific sanction of Congress by act approved
June 10, 1872, made in pursuance of a project laid before the Committees
on Appropriation of the House of Representatives and Senate for the de-




46 TU. 8. GEOGRAPHICAL SURVEYS WEST OF 100TH MERIDIAN.

tailed topographic survey of the entire territory of the United States west
of the one hundredth meridian.

The area embraced by this season’s work approximates 47,366 square
miles (Arizona, 11,766; Nevada, 5,384; and Utah, 30,252 square miles).
It lies for the larger part within the Great Interior Basin, the balance be-
longing to the central portion of that of the Colorado of the West.*

The principal cafions within the area are the Grand, Marble, and Ice-
berg, of the Colorado of the West, the Kanab and Paria, of its northern
tributaries, the Provo, &ec.

Partial itinerary or rough notes of trip from Provo River and Valley to Strawberry Valley,
thence via Spanish Fork and Thistle Crecks to Sam Pitch Valley, thence eastward along

edges of Castle Valley and return, thence reaching Little Salt Lake Valley, via head of
Sevier, to head of Virgin River (See Atlas Sheets 50, 59, and 67.)

August 10, 1872.—Left camp at Provo, ascending the banks of the river of that
name, entering the cafion, which has cleft its way through the entire Wahsatch Chain
at this point. A wagonroad for transportation of coal and other supplies from valleys
beyond to Utah Valley leads through this cafion to Provo Valley.

»This project has never been in print, but was a plan substantially for a complete
connected continuous detailed topographic survey (with associated natural history
observations) ot the territory of the United States west of the one hundredth meridian,
with primarily a resultant topographic map scale 1 inch to 8 miles, to be in the main
an aid to military administration and operations, to occupy about 15 years, and to cost,
in all, not exceeding $2,500,000.

Independent of all other information given in the various publications of the
survey, a reference to its extent, methods, cost, and cost of completion will be found
as Inclosure No. 3 to Sen. Ex. Doc. No. 21, Forty-fifth Congress, third session. It
was to have been the first great general survey of the country during its initial stages
of settlement.

* NoTE.—The following is the general line of the routes followed by the officer in
command during the field season of 1872, departed from in the various mountain camp-
ing and climbing detours necessary for detailed observations and the practical execu-
tion of the work: From camp near Salt Lake City to mining districts about Parley’s
Park and return; to Little Cottonwood Cafion and return, via heads of American Fork
and Big Cottonwood Caifion; thence to Provo, Utah; thence to Spanish Fork via
Provo Valley and Cailon and Strawberry Valley; thence to Thistle Valley via Spanish
Fork; thence to Utah Lake Valley and circuit to Sam Pitch Valley via Nephi; thence
to the eastward across the range and along flanks of Castle Valley and returning to
Sam Pitch Valley (without trail); thence to Nephi via Gunnison ; thence to Fillmore;
thence to Beaver and Panquitch via Parowan; thence via Sevier Plateau and head of
Virgin River Valley and Caiion to Toquerville; thence to Saint George; (all in Utah)
thence to mouth of Grand Wash, and via Stone’s Ferry to Hualapais Distriet and
Mountains (Arizona); thence returning northward via Meadow Valley to Pioche, and
thence to the Centra! Pacific Railroad at Palisades, Nevada.’
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A beautiful twin, or double cascade, with a fall of more than 100 feet, breaking
from the south face of the caiion walls, immediately south of the ford, is formed by a
little mountain stream, heading in a lateral cafion.

Tired, wet, and hungry, camp is made (about 9.30 p. m.) near and opposite the
mouth of the South Fork of the Provo River. Freshdiscoveries of argentiferous galena
(similar to the beds in American Fork Cafion) were reported on the North Fork of the
Provo River, not far from its confluence. A quarry of variegated marble is found on
Snake Creek, near the Hot Springs visited in eastern portion of Provo Valley. A
spring from which sulphur fumes escape continuously was passed (temp. 720 F.).

The principal spring ot the Provo Valley Group, of which the craterlike mound
is the highest (67 feet above base), bubbles up a miniature volcano with a temperature
of 1080 F. Several clusters are visited within a radius of 1,000 yards, with temper-
atures as low as 88° F., and with colors of bluish, greenish, and bluish-black tints.
Many scattered over quite a space in this wide, open valley were noticed as extinct.
This group can aptly be called the * Volcano” springs. )

The eastern flanks of the Wahsatch, facing toward Provo Valley, show denuded
faces with much clearness, the beds making up the Wahsatch Chain, in the shaded
valleys of which, near the summit, permanent snow is found.

August 13, 1872.—The route from Provo to Strawberry Valley follows Daniel’s
Creek to its source, and thence by a gentle summit or pass to the head of Strawberry
Creek, along a natural wagon-road. The ¢sarviche” berries, so much sought after
by the Indians, appear abundant and in full fruit. The beavers, rarely seen by day,
still hold possession of the part of the stream in the vicinity of the valley, their dams
recurring at short intervals. This was a favorite trapping ground in the days of the
early explorers.

Short-leaved pines and mountain firs are met with, not large in diameter, but of
extreme height. The groves of quaking aspens increase in size from the edges of
either valley to this summit, which marks the divide of the waters between the Great
Salt Lake and Colorado Basins, and mountain slopes stretching in many directions are
lined with aspen groves as far as the eye may reach.

Furniture is sometimes made of the larger specimens; otherwise it is of little use
beyond its value for fencing and fuel. Strawberry Valley forms a part of the Uintah
Indian Reservation, but it was not in 1872 utilized to any considerable extent by the
Indians, and showed an expanse of elegant grazing ground, but probably at too high
an elevation for crops at this latitude (altitude, 7,716 feet). It was followed along its
western edge for nearly its entire length, whence it was tbe intention to pass westward
into the north fork of Spanish Creek. A fortunate encounter with Indians (White
Eyée’s band of the White River Utes) put us in possession of an old worn trail, along
which, before reaching the summit, a camp was made in the edge of heavy timber.
This band numbered seven lodges, with plenty of horses and a few goats, counting 11
bucks, 7 squaws, and 18 children (36 in all). They were on a hunting and fishing trip,
and their outfit when mounted formed a unique miniature caravan. They were alarmed
at the presence of even a few blue jackets, being absent from their properreservation.
They made the usual begging and palavering Indian visit to our camp-fire just at
night fall.

A sulphur spring on banks of north fork of Spanish Fork Cafion (temp. 111° F.)
was noted.
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August 14, 15, and 16, 1872.—A partial rendezvous was made on Soldiers’ Fork of
Spanish Creek, and the march continued to Sam Pitch Valley and camp made near a
settlement called Wales.

A visit was made to opened coal-beds in Coal Cafion, among the foot-hills west of
Wales. These mines are situated about 14 miles from the Cafion, through which flows
a tiny creek, making the situation accessible and convenient for mining operations.
One of the prospected layers (2 or 3 feet thick) pitches at the point of opemng to the
southward and dips toward the hill at an angle of about 50°.

The beds occur between layers of sedimentary limestone, with a.persistent narrow
limestone dike, thickness 9 or 10 inches and highly fossiliferous, traversing laterally
the entire bed.

Immediately below the bed of limestone a deposit of fine quality fire clay, that has
been successfully utilized, occurs. Lignite shows at the start and a bituminous coal
(said to be coking) is shortly found. Sandstone, in contact with heavy vertical beds
of conglomerate, occur at the valley mouth of the cafion.

August 25, 1872.— A detour to the eastward of the Sevier Valley was planned
and a crossing made from near the source of Thistle Creek, about 13 wiles from which
a summit isreached that either forms the immediate head orin elose proximity thereto
of six streams, viz: Thistle Creek, Soldiers’ Fork, Strawberry Creck, White River,
San Rafael, and Sam Pitch Creeks. The tortuous line of these several water divides
was followed in a southeasterly direction until a trail, evidently leading in the direction
of Castle Valley, was met and followed.

An exploration was made of the drainage approaches to Castle Valley, and as soon
as rations ran fow steps were retraced westward to reach Sam Pitch Valley, near Fair-
view.

This trip was made without tI‘dll or guide (the Mormon guide having failed us)
and in hourly expectation of meeting with some of the predatory Utes.

Coal croppings were also visited in a caiion about 7 miles east of Fairview. Found
a small opening in narrow limestone strata between layers on either side of sandstone,
in which a narrow seam of lignite was developed in a drift of 18 feet, with poor results.

Scratchings had been made in four different cafions, and one is reported as show-
ing cannel coal with 90 to 96 per cent. of carbon. Coal is reported in large quantities
in the bluffs facing Castle Valley, at the head of White River, and seams were noted
in a number of localities in this sectiou.

Visited a large marine fossil-bed and a vein of bituminous shale—width of the
latter 11 inches, with uapturned edges. Chips could be ignited with a match, and it is
said to distil and make paraffine and oil. Extensive chalk beds were also noticed in
this vicinity. A cabon farther to the north was visited from Fairview, where a coal
vein had been developed of thickness from 12 to 24 inches. There is a great future for
the coal fields of Central Utah.

The waters of the Sevier could be utlhzed on a considerable scale for irrigation.
It is believed that artesian wells could be sunk successfully on the eastern side of the
valley about Parowan. Little Salt Lake, that appearcd in the days of Frémont as
quite a sheet of water, has since entirely evaporated, leaving alone alkaline flats,

In noticing the agriculture of portious of the region traversed, it was found that
the Mormons were the only people who pursued that branch of industry with regu-
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larity, and invariably by the aid of irrigation. In some sections, as Pahranagat Val.
ley, Nevada, and the location of the Moqui and Zuiii Pueblo Indians, in Arizona aund
New Mexico, by deep planting, crops are raised without resort to irrigation ; bat it is
certain that snch exceptional success attends only special localities, and is confined
to special crops, particularly corn and melons. Alum beds are found in the cafions to
the east of Parowan.

Indications of coal have been discovered in the center fork of Centre Creek, and
a road is.under construction to reach the timber that was being sawed for the Pioche
market, a distance of 110 miles. Poplars, thorn, and maple occur along the cafion 15
miles out from Parowan. _

Iloat copper and silver ore has been noticed in the cafion east of Paragoonah. Im-
pure black obsidian beds had been prospected east of Beaver and taken for coal. Coal
and cheap silver ore were found near the iron mines to the south.

Lignite was found near source of creek leading to the Colob plateau in exposed
strata of heavy reddish limestone, with irregular, conglomerate, and volcanic beds
in vicinity. Considerable heavy timber noted on this plateau, which joins the Par-
owan Range. A steam saw-mill was in process of erection, with over 3,000,000 square
feet of lumber within 14 miles, and the mining town of Pioche for a market. The pre-
vailing conifer species snitable for timber are the pines (Pinus ponderosa and contorta),
the spruce (4. Douglassit), and the fir (Abies Engelmanni).

Summit Creek heads at the apex of the alluvial summit that separates Little Salt
Lake Valley from the one to the south, and may be cited as an instance of an accumu-
lation of detritus, leading to the creation of a sub-inclosed basin. ‘ ‘

Groves of aspen alternate with patches of pine, partly valanable for timber, along
this plateau, between Little Salt Lake and the Sevier, the volcanic cap still continuing
to the southward; while sandstone cap occasionally appears, underlaid with lime.
Fine specimens of fossil pine ieaves and cones are here obtained. Manymarine shells
collected, and a new species of fir noted. Sundown Valley discovered and named.
Usually volcanic material appears on the surface of the Colob plateau, with occasional
limestone, sandsfone, and shale. There is a fine growth of grass and groves of quak-
ing aspen. The pines and firs disappear to the southward toward the valley of the
Virgin River. :

The country to the southward becomes more o;:en and level along the main ridge.
Fine water and grass noted on every side. The co-operative Mormon herd of Cedar
grazed in this vicinity a distance of nine miles from the seitlement. The ground still
continues voleanic, with here and there points of sandstone, limestone, and shale, the
latter profuse with marine shells, similar to those noticed east of Fai-view, with an
added bed of fossil oysters three to four feet thick. Skirting the rim of the plateaun a
break in the wall is finally found, and the train taken down into a box cafion along a
descent having an angle of fully 55 degrees at the head of Le Verken Creek.

The summit of the southern rim, at an altitude of over ten thousand feet, affords
one of the finest panoramic views then witnessed (1872)—the Virgin River lying at
our feet, the Colorado Cafion in the distance, plateaus, cafions, and mountains to the
east, mountains high and frowning to the north, and the mountains and desert to the
west and southwest, the ranges bordering the Colorado, especially the Virgin. Below

4 WH—VOL I
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us lay the brown and black bristling ridges of the eroded mesas that for grandeur of
beauty and desolation of appearance far surpass all that words can express. Clam-
bering along the cliff, and while securing a large haul of fossils, the crisp edge of coal
crops was noticed, and prospecting which a 12-foot vein of dense bituminous coal,
having both above and below a bed of shale 15 to 18 inches thick, was found, with
petrified wood strewn in many directions.

Fossils were found in sandstone near head of north fork of the Virgin and vol-
canic cap on the ridge leading to the head of the Sevier.

Clumps of heavy pines were seen in the cafions leading to the Virgin from the
north; with fine bunch-grass and water here and there. The Sevier heads near the
summit of a black volecanic peak to the south of the head of Coal Creek. Following the
caiion to the northward the eye soon rests on a beautiful lake, nestled in the mount-
ains, fringed by the sward of an encircling valley, and set like a gem in the green
verdure rising from the siopes on either hand.

This lake is formed by the damming of the opening of the valley by black piles of
vesicular lava, forming a miniature inclosed basin at the head of the Sevier. Clam-
bering over the rough lava by the aid of a blind Indian trail, we suddenly emerge
upon a handsome glade-like valley, in which springs up, as if by magic, a creek fully
25 feet, wide.

This is known as Mammoth Spring, that breaks out from a considerable depth
below the volcanic bluff, and gets its water in major part from the reservoir lake.
Forests of heavy pines now appear along the valley of the headwaters of the Sevier.

The fields of basaltic lava skirted are about 25 miles long and 7 to 10 miles wide.
These beds are intruded through the sedimentaries. The fork leading to Panquitch
Lake (3% and 13 miles) is reached by skirting lava ficlds and winding through forests,
when a road is found 2~d followed to the settlement on the Sevier. Duck on their
migrations southward (September 30) were noted in large numbers, as well as troat in
abundance. Indian and other cattle were found grazing in large numbers in the glades
and valleys near head of Sevier. '

The road from Panquitch to the south is followed, and a summit reached leading
to Lorg Val'ey at the head of Virgin River. The actual heads of the Sevier were
found to be multiple and fan-shaped. Sedimentaries, with edges facing sonthward,
mark the transit from the drainage of the Sevier to that of the Rio Virgen. Coal
is noticed cropping in a decided manner at lower end of Long Valley. Alum and
saltpeter are also found here.

Large pines were observed in forest form near the summit leading to Virgin
River. Corn, wheat, rye, and a few vegetables can be raised at this altitude. Pass-
ing to the basin of Virgin Cation, walls of 200 or 300 feet are encountered. Volecanic
cap on the south and limestone on the north are visible from Long Valley. Camp
was made at a little stream leading to Virgin River, heading to the north at a distance
of about 23 miles, in red limestone. The topographic relief between basin of Sevier
aud the Colorado, in this vicinity, is rigidly marked by bluffs named indiscriminately
Pink and Vermilion. Coal croppings noticed along Paria and Kanab Creeks. The
valley of the Virgin River is followed to the main rendezvous at Toquerville.*

*NoTe.—In the area covered by the work of this year no timber of value except pine, spruce, and
fir was found, the most extensive forests being on the Great Colorado Plateau. As the timber of the
Government upon these tracts of land is subject to depredation from settlers and squatters, the sugges-
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Plate IV is from a sketch made by Mr. John E. Weyss, at the mouth of Virgin
Cafion, near Shoonesburg, Utah, after the dangerous descent of the so-called Wriggle
trail in one of the routes through the Virgin River Valley in 1872, - Six miles south-
west of the settlement called Mount Carmel, the route, known as the Elephant road,
connecting the settlements above and below the Virgin Caiion, ascending the plateau,
leaves the river valley, following a due south course. Our party left this road, near
the summit, following a dim trail, ranning sensibly parallel to the bed of the river
(which here begins to cafion), thence westerly, passing a sandy valley, traversed by
deep ravines, coursing toward the cafion of the Virgin. Seven miles brought us to
- the foot of a high mesa, at which point the trail disappeared, it being necessary to
accomplish the ascent en echelon by scaling the sunccessive beds of sandstone.

This climb was impracticable for the pack animals, therefore a hand portage, to
the very summit, of stores and equipage became necessary. This ascent, begun at
about 1 p. m., consumed the whole of the afternoon, and the sun had sunk when the
party reassembled on the crest of the plateau.

The train camped on the summit without water after a hard and dry day’s march,
from which both men and animals were suffering. It was therefore concluded to
advance with picked men to the valley below to secure water for the suffering party.
After passing a shelf of bare, smooth-worn rock at the mouth of the descent along
which it was necessary to slide at will for from 20 to 22 feet, the prints of Indian
ponies became discernible, and a blind trail made its appearance.-

Regardless of the roughness, and threading the way among rock and débris, the
descent is begun, soon a narrow shelf of 10 to 12 inches wide is reached, overlooking
a deep and dangerous gorge, leading to an-abyss of darkness, which was passed after
dusk. For a distance of 14 to 2 miles the trail, or rather the want of a trail, followed
the upturned strata edges, winding in and out of projecting ledges, which could ouly
be skirted in the darkness on hands and knees. It was near 10 o’clock when the small
party reached alittle trickling stream that soon joins the main river, which was quickly
followed after quenching our thirst, on a prospecting tour for the first settlement down
the river, which proving to be a few houses (called Shoonesburg, elevation 3,920.5
feet), was reached about 11 p. m., where terms were soon made with the presiding
elder, who, besides promising immediately a cup of coffee, invited us to the soft side
of a haystack for the night, and into a little vineyard near at hand, wherein the moon
acted as a most fascinating grvide in pointing out the plamp, full-grown, well-ripe
clusters of grapes, of the finest cultivated varieties, including the To-kay. Our coming
created a sensation, as no party, except on foot, had ever been known to pass this
route, unless it were an adventurous mail-rider with a trusty-led mule, in case of great
emergency. Nothing short of considerable blasting could render the trail passable
even for pack animals.

The situation of Schoonesburg is exceedingly romantic. Mesa-locked as it is by
the huge, steep escarpment of the sewmi-plateau forms at either hand, it lies ensconced
in a little opeuning, a sparkling gem, dropped as it were through the mountains upon

tion was made in the annual report of this year, that by legal enactment or otherwise the Government
should give protection to its interests and the interests of future settlers in thisregard; a suggestion
since acted upon through the General Land Office.
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the desert. The elevation of the plateau or summit of the Wriggle trail is approxi-
mately 2,100 feet above the valley of Virgin River, or approximately 6,020 feet above
the sea.

Plate V, Dripping Pool, or Fern Spring, is situated in Kanab Caiion, which
narrows at this point so that the sun only reaches its bed for two hours during the
day.

The water of the pool, or spring, comes from a tiny lateral stream, intercepted by
the erosion of the cafon, which, containing mineral substances, has deposited a pro-
jection extending about eight feet from the wall of the cafion, which is covered with
ferns (Maidew’s Hair—Adiantum capillus Veneris) and small flowering shrubs, that
Leing constantly buwmid, and dripping even, form both a direct and mirrored object
of great beauty. At a little distance toward the head of the calion a spring breaks
out from the foot of the cafion wall, at a temperature of 60° F. The walls at the right
of the view are typical of the Colorado Cafion series, of which they form a part.

Plate VI represents a typical scene from a point of the rim of the plateau edge
that divides the waters of the Sevier River from those of the Colorado, in Utah. It
is approached from the east fork of the Sevier River, near the southern extremity of
Platean Valley (see Atlas, sheet 59), by leaviug the river near its entrance to the hills
and following a more southward course along a valley surrounded by low hills. A
gentle ascent of three miles is abruptly terminated by the precipice leading to the head
of Paria Creek.

These bluffs, consisting of parallel layers of soft red sandstone, fall perpendicu-
larly to the eastward, forming the boundary within which lie embedded the headwaters
of the Paria. The foreground includes fragments of the main mesa rim, the distant
view being the mesas that line the Colorado, the Navajo Mountains rising to a some-
what conical summit in the east.

The sketch from which the engraving was taken was made on the ground by Mr.
John E. Weyss, for many years connected with Western explorations and surveys
under the War Department.

Plate VII is an engraving from a sketch made by Mr. John E. Weyss at the ford
on the Colorado River, known as “El Vado de los Padres,” the (Crossing of the
Fathers), from its first having been attempted by white men in 1776’77, when a Span-
ish party under Padre Escalante crossed it in an outward trip from Santa Fe to
Great Salt Lake Valley and return. This crossing was approached by the party
under Lieut. Marshall, U. S. Engineers, by the old Navajo trail leaving Paria settle-
ment (the last point of civilization in Utah), ascending a sandy and barren plateau,
and following in a southeasterly direction the foot of the high plateau leading out
from the Salt Lake Basin rim to the Colorado River. At a distance of 20 miles a mass
detached from the plateau, and called Gunshot Mountains, is attained, whence passing

a narrow slit-like gorge, 10 or 12 feet wide, appears an amphitheater, out of which a.
trail issues again upon a rocky plain, reaching after a little more than a mile, a deep"

narrow cafion (represented in the foreground of the view), which is descended over pre-
cipitous rocks, the debouche from which opens upon one bank of the Colorado (elevation
at for.d 3,193.3 feet). Slight water ripples mark the line of the ford, which is reported
as the only one for 300 miles, which of itself is only practicable, and then on horse-
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back, at low-water stage. 1t will be found marked on atlas-sheet 67, at approximate
longitude 111° 17' west from Greenwich, and latitude 37° 01/ north. Thisis no longer
of practical importance since a ferry has been established at the mouth of Paria Creek.
The scene is one of remarkable grandeur and almost unique in its loneliness.

The early explorers whose tracks entered or crossed this season’s area
are the following, according to date: (1) Padre Escalante, 1776-77 , from
Utah Lake southward, nearly 4tlu‘ough the center. (2) Frémont, 1845,
along his southern route to California. (3) Stansbury, 1849-'50, in the
explorations and surveys ending at Great Salt and Utah Lakes. (4) Gun-
nison, from valley of Green River to the Sevier Basin. '(5) Lieutenant
Beckwith, Pacific Railroad surveys along the thirty-ninth parallel. (G)
Lieutenant Simpson, both in his outward and inward routes from the
valley of Great Salt Lake to Carson, Nev., and return in 1859.

The public-land surveys that had been extended over but little of the
southern and western portion of this area have now (1887) carried their
subdivision over a much larger portion, especially of the agricultural,
grazing, mineral, and timber lands.* '

The several tribes of Indians found within this section were: (1) The
Uintah Utes, (2) White River Utes, (3) Pahvants, (4) Pah-Utes, (5)
Seviches, (6) Hualapais, and (7) Apache-Mohaves. Of these the Pahvants,
Pah-Utes, and Hualapais were friendly; the Utes and Seviches semi-
friendly; the former being engaged in a raiding expedition that required.
the presence of troops to drive them back upon their reservation at Uintah
and White River agencies. Therefore it was necessary to campaign east
of the Wasatch in the presence of these Indians, who were evidently in no
friendly mood, with a small party of nine persons. “The only one who failed
us in this emergency was the Mormon guide, a local judge (!), from one of
the valley settlements. Chief Douglas, of the White River Utes (afterwards
so intimately connected with the Meeker massacre of that agency), together
with the war chief of the Uintahs (Tabby), interviewed us at the camp near
Provo, and subsequently left for the mountains, the safe scene of all Indian
murders and ambuscades, in the same direction that we were to follow.

. *NoTE.—Surveys by General Land Office np to June 30,1836, had subdivided 12,910,540 acres, or
20,173 square miles, in Utah, out of an estimated total of 84,476 square miles for the whole Territory.
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The Pah-Utes inhabit the country about the heads of the Sevier River,
Santa Clara Creek, and parts of the Muddy and Virgin Valleys. The Utes,
in several bands, inhabit the range in Grass Valley and other valleys about
Fish Lake and in the San Rafael.

The Scheavwitz live along the valley of the Colorado, in the Grand
Wash, and cafions and valleys leading into it. The tribes encountered wor-
ship the sun, and agriculture is scarcely known among them.

The Mormon flocks and herds dot the foothills of the valleys of the
Sevier River and its tributaries, and gradually are expanding southward,
already (1872), preparing to cross the Colorado River at the mouth of the
Paria for settlements on the Little Colorado. The policy of the Mormons
has been to discourage mining, and it is only since the Gentiles (so-called)
have entered the country for its subjugation and settlement that it bids fair
some day to become the theater of a very important, prominent, and perma- .
nent mineral industry, especially as railroad communication north, south,
east, and west is now only a question of the near future as population
increases. The opening of the silver mines calls for coal and iron, and the
latter, rich and plentiful, must some day command more than a local market.
In 1872 the surface had been only touched in any of the localities coming
under inspection, and it was too early to state with clearness the true charac-
ter of the ore deposits; enough was seen, however, to justify sanguine expecta-
tions, especially at the Ontario mine, that has since been solarge and regu-
lar a producer of bullion. Coal in Sam Pitch and Castle valleys and on
the northern fork of tributaries to the Virgin River promised to produce an
economic and reliable coke.

The principal commercial routes through the 1872 area were the Utah
Southern Railroad, from Salt Lake City to near Provo, thence a stage line
to the southward via Fillmore to Pioche, with a branch to Beaver, Toquer-
ville, and Saint George. The Denver and Rio Grande, now extended to
Salt Lake City, enters the area of 1872 along the route originally selected
by Grunnisen, and upon which a military wagon-road bearing his name was
constructed.

There had lately been a rude wagon-road constructed to the mouth of
Paria, a creek where the well known Mormon desperado and leader of the
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Mountain Meadow massacre, Maj. John Lee (who was later shot standing
in his coffin to expiate his crime under the law), had established a ferry for
emigrants passing southward. The next ferry on the Colorado was at the
mouth of the Virgin, a new thoroughfare for miners and others to North-
western and Western Arizona. With the exception of the route to Pioche,
there was no east and west route of communication—a more southwesterly
one across a wide arm of the desert, known as the Los Angeles route,
was, however, still employed by hardy bands of prospectors and occasion-
ally by emigrants. :

Of the precious and economic minerals the following were observed,
viz, gold, silver, copper, lead, iron, sulphur, gypsum, salt, chalk, bismuth,
coal, &c. The southwestern portion of Utah has its silver, coal, and iron
mines of great extent. The mineral resources of the several mountain
ranges have been prospected, which has led to developments in several
prominent mining districts and the cultivation of arable ground in the cafions
adjacent for local supply. .

By the use of canal irrigation, in a rather primitive way, the Mormons
have been able to make the desert smile with productive fields, gardens,
and grass plots, the area brought under successful and safe cultivation
increasing from year to year. However, frequent droughts make it unsafe
to attempt to irrigate the semi-mesa benches of loose, porous soil, while large
and systematic schemes of irrigation may yet increase to a considerable
extent the available acres, especially in those basins fed by the Wahsatch
system of mountain ranges.*

Many of the routes of the season were along the eastern rim of the
Great Interior Basin, the exact limits of - which were more clearly defined,
and thus commencing with the expedition of 1871 and concluding with that
of 1878, the.entire perimeter line of this peculiar inter-plateau, land-locked
structure (the “Great Interior Basin” of Frémont) was traced and de-
marked, with the exception of a small part of its northern boundary.

The portion of the Great Interior Basin visited this year is by far the
best watered and has really proven a land of promise for the Mormons, and

* Note.—The conclusion was reached that as the region of perennial snows in the western mount-
ains are few in number and trifling in extent, the areas which can be permanently irrigated are largely
limited by the absence of this source of water supply. ‘
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is susceptible of considerable increase in settlement. Fourteen thermal or
mineral springs lie along the routes of travel, with temperature varying
from 72° to 185° F.

The geological examinations furnished matter of particular interest.
In general characteristics the northwestern portion of the region surveyed
showed narrow mountain ridges, a part of the Cordillera system, composed
of crushed and altered Paleozoic rock, alternating with rather broad valleys
half filled with waste of the mountains. In this region-granitoid rocks are
of frequent occurrence, with many metalliferous veins. Considerable
areas are occupied by lavas. The southeastern portion is the Upper Colo-
rado plateaun system, the rocks ranging from the Tertiary to the Devonian.
The strata are undisturbed and easily observable in the numerous and ex-
tensive cafions. Coal in inexhaustible quantity, and widely distributed, is
found in this region.

In the Schell Creek Range, about White’s Peak, Nevada, terminal mo-
raines of five or six glaciers were found, descending to 8,000 feet in altitude.
On a flank of Union Peak, Nevada, are moraines, and an alpine lake, and
from Old Baldy Peak two moraines, of which one contains a lakelet at an
altitude of 9,000 feet, are to be seen.

The glaciers of this region seem to have been confined to the high
" mountain ridges, and the evidence is against general glaciation.

The limits of an ancient fresh-water lake which covered Great Salt
Lake and Desert, Sevier Lake and Desert, and in all an area of 18,000
square miles, or about equal to that covered by Lake Huron, were care-
fully examined. This lake, for many reasons given in the appendix to the
Annual Report for 1872, is supposed to have marked a temporary climatal
extreme, contemporary with the general glaciation of the northern portion
of the continent, and at high altitudes, local glaciation in the western
mountains.

Deposits similar to those of recent time are discovered beneath those

of the period of the great fresh-water lake.
The outlet of this lake was towards the Columbia River. From the ob-

servations made, a map has been constructed showing the restored outlines
of the ancient, though geologically recent, lake, named Lake Bonneville.
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At Provo a species of whitefish, native of the fauna of Puget Sound,
was discovered to be abundant; and this fact may be taken in corroboration
of the theory of the outflow towards the Columbia River of the former
Lake Bonneville.

The introduction a few years previously of the Eastern quail was found
to have resulted in a considerable increase throughout the section of coun-
try where first set at liberty, and it was deemed practicable to successfully
introduce salmon, shad, and alewives into the tributaries of Salt Lake.

Greneral collections in natural history were made by Surgeon H. C.
Yarrow, who rendered most valuable service in this direction, as did M.
Henshaw in ornithology. The former states the collections of 1872 to
have been as follows: 1,426 invertebrate fossils, 800 bird-skins (approx-
imate), a large number of mammals, several hundred fish, 16 species new
to science, 5,000 reptiles, insects, shells, plants, &c., and also a number
of Indian crania, and a lot of ethnological specimens. These specimens,
after having been reported upon by eminent specialists, were deposited with
the Smithsonian Institution for the use of the National Museum.

Excavations were made near Provo, Beaver, and Paragoonah, Utah.
At the former a number of stone mills, pestles, arrow-heads, pottery, bones
of animals, several domestic implements, and an almost perfect skelet(n
were discovered. Time did not permit of more than superficial examination,
with slight excavations among the 400 to 500 mounds near Paragoonal.
Both of these localities are worthy of a more extended search.

Ute and other vocabularies were collected. All that has been accom-
plished in archzeological researches appears as so much clear gain in addi-
tion to the results for which the survey was primarily organized, <. e, the
topography of an extended area.

The topographic detail secured by this expedition will, in the main, be
found reduced upon Atlas sheets Nos. 49, 50, 58, 59, 66, and 67.
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EXPEDITION OF 1873.

The area entered this year aggregates approximately 72,500 square
miles, distributed as follows: Arizona, 20,175; Colorado, 19,892; New Mex-
ico, 28,632; and Utah, 3,801 square miles. The main body of the expe-
dition operating from Santa Fe, N. Mex., confined its labors to the basins
of the Rio Grande, de Clhelle, Little Colorado, Gila, San Francisco, and Salt
Rivers, and the numerous creeks entering them, especially about the sources
of the four latter streams. Sections under Lieutenants Hoxie and Marshall,
United States Engineers, operated independently of the main body, the
former from Salt Lake City as an initial point, and in the basins of Great
Salt Lake, Sevier, Green, and Large and Little Colorado Rivers, while the
latter, entirely detached, set out from Denver, confining itself principally to
the basins of the Arkansas, Gunnison, and Rio Grande.*

The streams which flow through the principal mountains and valleys
furnish along their banks natural and artificial routes of intercommunication
and exit to exterior areas, details of which are to be found on Atlas Sheets
Nos. 52, 59, 60, 61, 62, 67, 68, 76, 77, 83, and 84 (see scheme of Atlas
Sheets for United States, and description of maps in Appendix B).

The important canions, other than the Grand Cafion of the Colorado,
are, those found at the heads of the Gila, San Francisco, Bonito, and Salt
Rivers in Arizona and New Mexico; of Paria Creek and Castle Valley in
Utah, and the Gunnison in Colorado. '

The routes of early explorers traversing the 1873 area are found to be
eleven in number, as follows: (1) Padre Escalante, from Santa Fe to valley
of Great Salt Lake and return; (2) Lieutenant Pike, 1807, from near
Bent’s Fort, on the Arkansas, to the Rio Grande, near junction of Conejos
Creek; (3) Captain Frémont, in his routes westward, along valleys of Up-

*NoTE.—The following are the main routes followed by the officer in command : By
stage to Santa Fe, N. Mex.; thence to Fort Wingate; thence northward beyond Old
Fort Defiance and return to Wingate; thence to Camp Apache, via Zuiii and Colorado
Chiquito crossing; thence, via main fork of White Mountain Creek, to summit of
Sierra Blanca Range; thence north and eastward, south and eastward, and southward
returning to Camp Apache; thence to Fort Wingate and Santa Fe, and thence to the
railroad at Pueblo, Colo.
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per Arkansas (1844) and Upper Rio Grande (1845); (4) Lieutenant-Colonel
Cooke, 1846-47; (5) Lieutenant-Colonel Emory, from Rio Grande west-
ward, 1846-47; (6) Lieutenant Simpson, to Cafion de Chelle and return
(1849); (7) Captain Sitgreaves, from Zuifii villages westward to Colorado
River, 1851; (8) Captain Grunnison, 1853, from San Luis Valley to that of
Gunnison River; (9) Lieutenant Whipple, Pacific Railroad Survey along
thirty-fifth parallel, 1853-'54; (10) Captain Beckwith, Pacific Railroad
Surveys, 1854; and (11) Liéutenant, now Brevet Major-General, Parke,
eastward to Fort Fillmore, Tex., from Colorado River, Pacific Railroad
Surveys, 1854. ' '

The public-land surveys during the period between the examination
on the ground and the issue of the final maps have been-prosecuted with
vigor in many of the regions (especially in Colorado), and while connection
was made in all practical cases on the ground, advantage has also been -
taken of the later sectionizing details, if any, to indicate new roads and
settlements and other later permanent improvements.

PARTIAL ITINERARY.

Fort Wingate, N. Mex. to Fort Defiance, Ariz., &e., July 21,1873.—Canp was made
about 1 mile east of wagon road, about midway to Old Fort Defiance (Indian agency
of the Navajoes) at Rock or Sheep Spring. The water seeps from the upper surface
of a soft shale, underlying a red sandstone, with a slight dip to the northeast. This
latter bed always carries more or less water on account of its permeability. Mexican
bull teams carrying Government stores to the Indian agency were noticed encamped
on road at Stinking Springs (so called from the odor of sulphureted hydrogen); the
dry bed of the Puerco was passed at a bridge .a little further on, when,leaving the
valley along a northwest course, Rock Springs are reached, at a distance of about
22 miles. The next day camp is made toward evening at the old post of Defiance. -
Subsequently a detour about 15 miles to the north and east is taken to the garnet and
ruby fields.

A ride of 10 miles brings one near the head of the drainage line passing through
Defiance. A little rounded knoll in the valley below, covered with a reddish soil, in-
terspersed with conglomerate pebbles, shows many garnets on the surface. The
formation of the dry interior valley, marking a point of the garnet beds, shows on
either side the persistent and familiar red sandstone bed, resting conformably upon
mountain limestone, the prominent feature of the frequent mesas of the Little Colorado
basins. Underlying it is found in many of the explored horizons a strata of bituminous
coal. The extent of this apparently immense bed, as yet but imperfectly traced, covers
thousands of square miles in Northwestern New Mexico and Northeastern Arizona.
Scattered through the valley in question, often on the surface of burnt basaltic lava
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in loose débris, evidently washed from a bed of greenish, soft tufa that persistently
breaks through the nearly horizontal sedimentary strata at varying angles, at horizons
within the reach of the eye, were quantities of garnets and aqua-marines. A small
emerald was also found on the surface, and rubies of fine texture and color have been
found in the same locality. Were it not for the dearth of water, coupled with the fact
that the points at which these gems have been discovered are on a Government reser-
vation, there can be no doubt but that this locality is worthy the search of intelligent
prospectors versed in the alluvial and fixed formations known to furnish precious stones
of the varieties named.

Fort Wingate, N. Mex., to Fort Apache, Ariz., August 5, 1873.—Leave camp at 6
a. m., via Zuiii Villages and Little Culorado, for one of the survey camps at Cold
Spring, northeast of Camp Apache.

The route crosses the spur-like divide of the southern branches of the Puerco and
the northern tributaries of the Zuiii, one of the obstructions of a route from the Rio
Grande in Southern Colorado to Eastern and Central Arizona.*

The route is {requently relieved by little park-like openings, fringed or surrounded
by irregular growth of forest pines (Pinus ponderosa) on either hand, with fine graz-
ing (bunch and grama grasses predominating), with also a wealth of shrubs and flow-
ering plants of a semi-tropical character, water alone being wanted to perfect the
'scene. Cak groves with mistletoe growth were occasionally noticed, and fir usnally
at elevations above 8,000 feet. At Nutrias, a Zuii outpost, is found a little pueblo
town occupied by Zuiii Indians, which, together with those of the Zuiii village proper
aud that of Ojo del Pescado and Ojo Caliente, make four of the seven sites that once
were settled by these village Iudiaus, the ruins of three others being now found near
Deer Springs (Ojo Benado), Tule Springs, and at an adjacent point on the line between
them and not far distant from the former.

Here are noted large herds of goats and sheep, the property of both Navajoes and
Zuiis. Timber is still abundant, while it becomes dwarfed at Pescado and almost
absent at Zuiii proper. Below 7,000 feet in this section of the plateau region timber
is scarce, becoming abundant at 8,000 feet, and so continuing to an altitude of fully
10,000 feet.

The route leads out of the Nutrias Valley along denuded portions of the plateau
system (sand and limestone beds, the equivalent of those in the Puerco Valley pre-
dominating) into that of the Zuiii proper, reaching the direct road to the villages, two
miles west of the Pescado.

The artemisia of the Western plains was frequently noticed with pifion pine and
scrub cedar prevalent, interspersed with heavy pine timber at intervals, especially at
higher altitudes, along the day’s march.

August 6,1873, en route to and at Deer Spring Camp.—A few miles brings one to
small irrigated fields at Black Rocks. Water appears at crossing of the Zuiii near the
pueblo (found slightly alkaline, the water in a well upon which the town is built prov-
ing sulphurous). Most of the cultivated patches were of corn, while little groups
of squashes and melons, beans, and wheat were noted. In the little gardens near the
town, onions, tomatoes, and caraway were seen. They were watered by hand Dby the

* NoTE.—Since the construction of the Atlantic and Pacific Railroad, Northeastern Arizona is made
more accessible from Holbrook Station, on the Little Colorado.
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women from large ollas carried on the head, some of which were ornamented with con-
siderable taste. The best corn fields were watered by irrigation ditches from the river
(nearly dry at this date). Most of the Zunii herds were at the Nutrias and at Pescado
The principal beast of burden is the jack, while horses are also used. The then gov-
ernor was Pedro Pino, from whom many items of iuterest were gathered.

The grant from the Spaniards, or rather the Mexicans as asserted by Pedro
Pino, covers the following area: Bounded on the north by the dividing ridge between
Zui River and the Puerco, on the east by the summit of the Zufii Mountains, on the
south by an east and west line through the Salt Lake, and on the west by the Little
Colorado.

Many decades since.a great storm came and flooded the valley so that their
present site was uninbabitable, and it became necessary to take to the mesa, where
they lived temporarily (old maps show the position as on a mesa bluff).

Their traditions are to the effect that they had always lived in the same spot,
and that three other pueblos found to be, one at Ojo Benado, asecond a short distance
to the south and east, a third at Tule Spring, now in ruins, were once inhabited.*

The valley is left at a southwestern exit. There is a well-marked rainy season at’
Zuiii in July and August. Ojo Caliente, the fourth Zufii pueblo, was noticed in the dis-
tance, as also fields of corn, apparently growing out of the sand, but in reality the sand
was only a drift covering a dark alluvial earth, found underneath. Black erupt-
ive basalts were observed at various points on the march; otherwise the lime and
sandstone of the plateau sy stem predominates, the latter approaching a quartzite. It
is stated that the winds (from southwest) of the lower Little Colorado and Zuiii in
April, May, and June are almost hurricane-like and incessant. Young corn is blown
up by the roots, against which the Zuiiis plotect the tender growth by branches of
cedar placed to the windward.

* NotE.—The fact of there being these three ruins, and only that number being traditional with the
Zuiiis, was clearly pointed out to me by Pedro Pino during along and careful conversation. That these
villages are the actual ‘“ Seven Cities of Cibola” visited by Coronado in his famous expedition of 1540
appears quite probable. The narratives of the officers of the expedition and of historians of the ties
agree as to the exaggeration and d/ception practiced upon the Spaniards by the imaginative tales of
Fra Marco de Nica, and describe the main of the seven cities at about 25 miles distant from a river
‘where wild flax had been found (probably the Little Colorado or Flax River), approximately the actual
distance from Znfii to the bridge at the Colorado Chiquito crossing. (See Atlas sheet 76.)

The position with regard-to Tusayan (probably the Moquis villages) and the Province of Tigeux
(probably the pueblos of the Rio Grande north of Albuquerque) and Acuco (probably Acoma), as well
as Quivira, corresponds quite well with the historical record of the marches of Coronado and his cap-
tains. (See Smithsonian Report of 1869, pp. 309-342. Seven Cities of Cibola, by Simpson.)

The late General Simpson, in the article in question, quotes the following as of opinion that the
Zuiii pueblos were the seven cities: Gallatin, Squier, Whipple, Turner, and Kern. He also arrives at
the same opinion from a somewhat extended examination of the Spanish authorities, while Emory
and Abert (asstated by Simpson) incline to locate the seven cities at and along the plateau southeast
from Mount Taylor, counting Acoma, the most southerly and isolated as to position and language, as
one. and Laguna, Cubero, Poblazon, Pojnate, Moquina, and Cibolleta in order to the northward. The
late Mr. Morgan tefers the site of the seven cities to the ruins found in the valley of the Chaco. The
weight of evidence so far examined leads to the placing of their site at the Znfii pueblos, and this
conclusion is strengthened by its proximity to the valley of the Gila, which, it appears, was erossed
near the ruin now known as the ‘‘Casa Grande,” and called by the Spaniards (probably) ¢ Chilcitalle.”

The entire region occupied by the present and extinct pueblos having been embraced by the sur-
veys of this office, their location will be found on the published atlas sheets.
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Timber begins again, pifion and cedar on lower, and large pines at higher levels.

August 7.—At Cedar Spring, about 22 miles from the Colorado bridge, the first
glimpse of the Sierra Blanca is had, which testifies also to an emergence from the per-
sistent plateaun so long the horizon. ‘

The main peak, in somber blue, stretches well into the horizon, while the verd-
ure of the eastern slope of the range does not, at so great a distance, appear so dense
as that of the western noted from vicinity of Apache in 1871.

These slopes, however, unlike their counterparts (the eastern) in the Sierra Ne-
vada, face on smiling valleys and glades well grazed and watered, in a section of rare
luxuriance, and marking a grand oasis as compared with the adjacent and more ster-
ile portious of the valleys of the Rio Grande, Gila. Salt, and Little Colorado Rivers.

Twelve miles beyond Deer Springs the desert-like waste of the Colorado Chiquito,
and the familiar greasewood, sand-grass, and sage appear, while the piiion pines even
becomes dwarfed and few. After crossing the Quemada, made muddy by the late rains,
the Little Colorado is reached after a few miles. It is from 8 to 10 feet wide, with its
surface current 6 feet below the banks. :

August 8.—Near Cave Springs. A fine spring breaks out from a volcaunic bluff
(basalt) and flows into a small, well-grassed valley, containing both bunch and grama;
nestled among the mesa-ridges, scattered piifions appear, and from this point until the
Mogollon forest is reached grazing and water are plentiful. A mineral spring was
noticed to the south of the road, some 10 miles toward Apache, where the more rolling
hills have become covered with laxuriant bunch grass and occasional claumps of pine.

Toward the close of the march the road reaches the timber fringes of the Great
Mogollon forest of the Saun Francisco Plateau.

August 9.—En route to and at Oak Grove Camp near Camp Apache, the road runs
through a beautiful pine forest, with occasionally little groves of white oak (Quercus
wundulata) and a few black walnnts of small size. These oaks were abundant, of
vigorous growth, exceeding 20 feet iu height, with a wood solid and close grained.
Bunch and grama grasses were abundant in all the glades or openings which occasion-
ally give a most delightfal variation to the immediate landscape.

A climb upon a peak near the route reveals a partial view of the Salt River Basin
and the connection of this forest with the one explored in 1871 to the south and east-
ward of San Francisco Mountains. This peak is a crater cone, as are so many aloug
the northern end of the Sierra Blanca, an eutirely volcanic range. The first view of
the sedimentary breaking out from beneath the lavaflows is found near Cooley’s Park,
some $ or 10 miles from Apache. Camp is made in a little oak grove opening, where
running water and grass in abundance of themselves afford repose when compared
with the reverse picture so frequent in the more desert portions of the trip.

August10.—Reacbing Camp Apache, Arizona,anexcellentand descendingroadleads
into the branch of the White Mountain Creek, upon which Camp Apache is situated.
This stream is followed from a point near Cooley’s Park.

SIERRA BLANCA REGION.

August 12, 1873. En route to and at Green Corn Camp, East fork of White
Mountain Creek. Arrangements were completed for an exploration from Camp
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Apache, as a base, to the eastward of the Sierra Blanca, and to include the heads of
the East and North Forks of White Mountain Creek, the sourcesof the Little Colo-
rado, San Franecisco, and Bonito Rivers (tributaries of the Gila), and of the main fork
of the Prieto or Salt River. Beyond, a few miles along the ravine of the East Fork,
near Camp A pache, so far as could be ascertained, the foot of white man had never trod
within these solitudes, and the magnificent expanse of more than 5,000 square miles
of mountain, valley, glade, lake, and river lay before us, a true terra incognita.

The drawing of the Indians toward the West to agencics at Camp Apache and
San Carlos, Ariz., and eastward to Forts Bayard and Tulerosa, and to the Cafiada
Alamosa, New Mexico, had left this a neutral zone, where Dame Nature ruled in all -
the magnificence of true simplicity.

The special party was so equipped that no obstacle or peril of mountain-path
finding could impede its movements in any direction, independent of trail and regard-
less of the tangled forest or roaring stream. One of the objective points was the
summit of the Sierra Blanca, from whence a mountain view unequaled by any within
our territory, with the exception of those from the highest summits of the Sierra
Nevada and Cascade Ranges, was anticipated, and the results far more than justified
the expectation, for beyond description the view from this point (named Thomas
Peak) was the most magnificent and effective of any among the large number that
have come under my observation. _

The route for the day was entirely through the valley bottom which gradunally
.narrows, being surrounded on either side by reddish beds of argillaceous limestone in
which fossils (presumably carboniferous) had been found. The mesa edges of the
rolling plateau were covered with heavy pine of the species Pinus ponderosa (yellow
pine) reaching heights of fully 80 feet, another variety (Abies concolor) prevalent in
New Mexico though not growing quite as large, and having shorter leaves and cones.
These trees quite approach the bed of the stream. Sycamores, mountain oak, and
black walnut were also observed.

August 13.—The topographers of the party leave camp to ascend a peak to the
north and east from which a fair view is obtained toward the head of the stream, which
appears densely wooded with pine and fir timber. Here and there a sall stream flows
in from the north side, furnishing water for the cornfields on the surrounding mesas.
On a small eminence was found the rough débris of an old ruin originally constructed
of voleanic (basalt) material without cement, and strangely enough without pottery
fragments in sight. The volcanic ground passed over proves to be mal pais, and a most

- serious obstacle to the passage of the train.

August 14.—It becomes again necessary to follow the bench on the northern bank of
the creek, making one or two crossings exceedingly .abrupt at almost impassable
points.

Several springs are passed flowing from the base of beds of permeable volcanic
conglomerate. The springs are usually large, forming little streams flowing at least
four or five hundred yards.

The elevation gained was approximately 8,000 feet. The horizon was entirely
above the sedimentary and in a basaltic rock cap.

No sedimentary was found of later age than the Carboniferous, the lava having
descended to this horizon, '
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The northern bank gives by far the best slope. It is accounted for on the suppo-
sition that the snow melts first on the north side of the cafion, thus giving a special
character to vegetation. Strawberry and raspberry vines are seen. Camp is made at
some springs densely surrounded by the most elegant evergreen of the Douglas spruce.

The fir region has not yet been reached, it being found at greater altitudes. Lakes
were spoken of over the divide near the head of the fork,in regard to which the In-
dians have a superstitious fear, calling them the Holy Lakes, in which they say the
divine mermaid dwells. Elk, mountain sheep, California lion, deer, antelope, wild tur-
key are known to be abundant in this range, and their fresh tracks were constantly seen.

August 15.—Early in the day a little stream was met, coming in from the north
through a deep ravine from a mesa densely wooded that reaches to the bed of the
main creek, the crossing of which was attended with the greatest difficulty, an extem-
porized raft being necessary.

Ascending the mesa it becomes necessary to coutour and follow an extensive bay
that makes in from the north. This is finally passed and a dividing ridge that comes
in from the north gives a view of the head of two branches of the East I'ork. Here it
becomes necessary to descend into the ravine of the most northerly one and follow the
stream to its source, and, ascending the slopes of the tortuous divide, a platean bearing
patches of fine bunch grass is reached. From this one looks down into the valley of
the North Fork. The animals feast upon the rank and succulent mountain bunch grass.

August 16.—By ascending a high peak to the northwest it becomes possible to
discover what seems to be a point at which the passage across the range can be made.

August 17.—A camp is this day reached near the summit of the Sierra Blanca.
The reconnaissance trail of yesterday was followed in the direction of a low divide
north of the principal peak. The grades improve, but the spruce timber continues
almost impassably thick. Traveling about 5 miles brings one to the ridge, where a
most remarkable panorama spreads before us of dense forests, interspersed with well-
watered little valleys and glades covered with laxuriant grass and flowers, of lakes
and running streams sparkling in the sun, all amphitheatered by the grim walls east-
wardly by the Datil Range, a part of the continental divide, and also the Tulerosa
Range, with mountains to the southeast bordering the Gila, partly opening northward
toward the Colorado. Water having been found near the summit, camp is established,
and we push ahead to the main peak, where lies within our horizon a landscape view
of the grandest scenery, interspersed with agreeable, home-like valleys, vales, and
glades in nearly all directions. Outstretched before us lay the tributaries of seven
principal streams, the true courses of which were unknown to geography, and only
traced conjecturally on maps of this far-distant region, viz, the Colorado Chiquito,
the Nutrioso Creek, the San Francisco fork of the Gila, the main head of the Prieto or
Salt River, and the Bonito a tributary, and the north and east fork of White Mount-
ain River. There are four main peaks within a distance of 10 miles, none of which
had before been ascended by white men. The heads of the Colorado Chiquito and
Rio Prieto present a stretch of valley lands far surpassing any I have before seen.
The view of the landscape to the east is of the most marvelous beauty of form aud
color. Mountain, forest, valley, and stream are blended in oue harmonious whole, in
size large enough for a State, all falling within the horizon of one point. Few world-
wide travelers in a lifetime even could be treated to a more perfect landseape, a true
virgin solitude, undefiled by the presence of man.
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August 18—1 am satisfied that the valley landscape to the eastward had never
been seen by any white men (1873). Perhaps here and there a few points had been
touched while passing up or down at lower levels one of the streams above mentioned
without giving any adequate view of the grandeur of the whole.

August 19.—Took leave of camp of over 9,000 feet above sea, and moving west of
north follow the steep sides of the divide leading to a stream that proves to be the
principal head of the west or main fork of the Colorado Chiquito. For some distance
after the bed of the stream is reached spruce timber and aspen still continue, pine
soon appears, after which comes an opening inclined at an angle of 409, and covered
with a heavy growth of fine bunch grass, interspersed with a variety of flowers in
bloom. '

For a little less than 2 miles the grass is of the old crop, then begins the new
and juicy growth of the year subsequent to the burning over by fires set by the Indians.
The creek here enters a small cafion, only to emerge into a broad open valley in the
vicinity of the road that leads to Apache. - We follow up this fork and reach a most
beautiful open park that was seen from the mountains as apparently carrying a stream,
which proves to be a fallacy, as the little meadows of the lower portion have flowing

- water only in spring after the melting snows. The general height of the prairie is a
little less than 8,000 feet. A nearly northern direction was taken over a rolling, natural
park-like country, more beautiful than any artificial or cultivated park could be, and
the most attractive landscape ever encountered by me (1883).

The march was continued a little more than 5 miles, to a prominence named Park
Butte, it being surrounded by the most beautiful natural parks. The butte commands
the whole basin of the west fork, and through it one again traces the voleanic river to
the north and west which limits the upper basin of the Colorado Chiquito.

Awugust 20.—The train moves along the east side of the valley that surrounds the
tributaries of the main west fork and soon crosses an almost imperceptible rolling
divide to arroyos flowing in the opposite direction. It is soon discovered, however,
that our line from the camp to Park Butte lay but a little to the west of a water-shed
between drainage basins, the butte itself occupying one part of the line. Rolling
arroyos that take their rise in the timbered ridges of this plateau soon converge and
cafion upon reaching harder beds of volcanic flooring until soon water comes to the
surface. The name of “Dotted Park” is suggested because of the numerous semi-
mound-like structures planted almost regularly over its surface. It should be called
either ¢ Dotted” or “Island” Park. Bear, of the brown, black, and cinnamon color,
are common in the eastern parts of the Sierra Blanca Range. The party continues to
the eastward and suddenly emerge into a little valley that carries a tortuous stream to
the eastward, which we cross and follow in its general direction. We are obliged to
leave the valley of the stream mentioned, which flowing into a cafion soon turns to
the eastward. The course is then left, and, skirting the timber to the north, we descry
through an opening two bears feeding. A hunt is organized, but without success, the
hunters sleeping out during the night. Meanwhile a 300-pound black bear had been
killed after a hard fight. Here the openings are finely clad with nutritious bunch and
other grasses. The soil is all volcanic. In the lower of these valleys, and below
about 8,000 feet, crops could be raised without irrigation.

5 WH——VOL I .
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August 21.—Just at dusk last evening the party attempted to follow a trail, be-
came entirely lost and-circled on their tracks, but during the day reached a point near
our camp of last night, where two forks come together, which proved to be tributaies of
the main Salt River. A topographical party is dispatched east to determine the drain-
age of the water-shed upon which we had been traveling the greater part of the previous
day. At this elevation spruce, pine,and aspen are found. Below us lies a beautiful
valley at the confluence of the two streams mentioned, the soil of which at this alti-
tude, and judging from the amount of humidity already noticed, ought to produce
cereals, &c., without irrigation, a most valuable consideration in this section. Every-
where in the openings the most succulent bunch-grass is found in abundance. This
section day by day presents beauties and practical features that rank it by far as the
most attractive to agricultural settlers of any portion within the limits of explorations
in my charge.

August 22,—The mal-pais soil, especially where it is nearly horizontal and without
drainage, has become so thoroughly saturated that the mules sink belly-deep in many
places. The narrow valley of the fork entering from the south is followed for 4 or 5
miles, running water being found for two-thirds of the distance. We then cross a
rolling, timbered divide, that brings one into- a similar valley that ought to lead '
toward the cafion found traversing to the southwest yesterday. This is followed for a
time, then turning near to the north and west, passover asharp, peak-like divide, from
which a view of the lake lying at our feel, is obtained. It is about 1} miles in length
and three-fourths in width, containing little islands well grassed. Its highest level is-
denoted by a slightly-marked beach line, fringed with a growth of shrub and apparently
now at a medium stage. We found no more than 30 to 36 inches difference between
that and high-water mark. The water is accumulated from the rains and is entirely
of surface collections, slightly tinctured with vegetable matter. At its ordinary high
stages it has no outlet and no stream enters it.

August 23.—The park in this vicinity is called Lake Park; an old beach line is
reported 12 to 13 feet higher on the western side of the lake. We follow up the line of
drainage leading toward the lake from the west, which at certain high stages may
have forced the water over the head of this low arroyo.

The want of alkaline, saline, and other constituents in its waters must result
from the large amount of percolation as compared with the amount of evaporation and
the short distance traversed over a volcanic bed.

August 24—A march of a little less than 5 miles, mostly through the timber,
brings us to the Rendezvous Camp. This is snugly situated in a point of timber com-
manding the beautiful valley of the mountain stream that, rising in the cafion of the
southeast flank of the Sierra Blanca, flows through park, forest, and valley to enter
again a cafion prior to its confluence with the main stream, the Salt River.

August 25.—This day was spent in camp; parties go out here and there to the
eastward and south. A party of Indians, mounted, is reported to have crossed 2 or 3
miles below. So far upon the route no trails except those made by game have been
seen, and one would suppose that this very natural garden indeed had been neglected
even by the Indians. No ruins are seen after crossing the range to the east, although
Mr. Gilbert discovered some in the valley of the Little Colorado. These highland parks
bave been left to the animal denizens of the forest, to the bear, wolf, elk, deer, antelope,
and other mammals, and to the gatherings of the winged families.
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August 26.—It appears that the rainy season is nearly past, the heavens are par-
tially covered in the heat of the day by moving, fleecy clouds that prec1p1tate at in-
tervals floods of rain, but the nights are usually clear.

No frosts were noted at this camp. I am satisfied that the extent of country sur-
rounding the heads of Colorado Chiquito and Salt River and Rio Prieto will add to our
climatic sanitariums one of the most delightful localities on the continent. The winds
that have full sway lower down in the basin are here broken by the Sierra Blanca.

August 27.—A retrograde movement from this camp is made to reach the so-called
Apache and Tulerosa trail. The route lay along broken ridges and through several
little valleys, some with running streams and others without, until a very steep
cafion lying ahead seems to indicate an approach into what is supposed to be the
Bonito, but which proves to be still another fork of the Salt River. In a little open-
ing the valley is crossed by a'stream of considerable size. Here, as has been noticed
in several other localities, the grass on one side of a stream will be new, juicy, and thin,
because of the burning of the sward during the season, while on the opposite side, where
no burning has taken place, the thick tufts of bunch grass spreading into beds offer
more abundant food for the animals that have now to depend upon grass altogether
for their support.

A trip to a divide to the southward shows nothing besides the peaks that have
been noticed during the day and beyond which the main fork of Salt River is expected
tolay. In this portion of our territory, where Spanish geographical names are still
used, streams of all sorts and sizes have been designated by the name river.

August 28.—A party starts ahead from this point to reach Camp Apache, and the
remainder follow them in their trail for about 2 miles. A pedestal-like peak, rising
above the forest trees and commanding the course of the stream to the south, is -
ascended. The northern horizon commands in profile a characteristic view of the
southern end of the Sierra Blanca, while to the northwest and northeast the regular,
wooded slopes of what become, upon a close inspection, regular ‘and broken mesas ot
the divide between Salt River and the Gila. To the east the Escudilla and San Fran-
cisco Mountains are well defined. Further to the southeast, put in bold characters
upon the horizon, are high mesas or plateaus, with irregular edges, and one specially
prominent range, because of its height, and still another, extendmg far to the south-
ward, appear to close with the horizon in this direction.

To the west the four peaks of the Mazatzal and the Sierra Ancha limit the hori-
zon. The mountains facing upon the San Pedro (the Pinal Range) give no point to
the view of sufficient interest to determine their identity. To the southwest in strong
relief appears what to my belief is the Chiricahua Range, although at such magnifi-

cent distances, when noticed from various compass points, it becomes difficult to dictate
with precision.

One remarkable peculiarity of a view to the south while occupying a central spot
in the trough between several meridional ranges is well illustrated by this station.
The Chiricahua Range, that in reality trends northeast, appears to have a direction
quite southeast, while a range of marked longitudinal extent to the southeast (proba-
bly the Mimbres Mountains) has apparently a direction of nearly southeast. This
can only be explained on account of the inequality of refraction at different azimuths
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dependent on the character of intervening obstacles and to the vibrations of the
atmosphere due to heated upward currents, apparently throwing objects out of a ver-
tical plane.

August 29.—An early march brings us well ahead on the trip to Apache. A
meadow-like opening is reached, that must debouch into one of the north forks of Salt
River.

In less than 10 miles the cafion of the river in question is reached. None of the
little park-like openings noted near the main peaks were tributary to this stream, that
heads further to the southward and not as near the main peaks as the others. At this
crossing no sedimentary rocks had yet become exposed, and no opening, so far as
could be seen above or below, large enough for even a small camp.

In the meadow spoken of, wild flax was seen in patches; hence it is probable that
the cultivated varieties could thrive. No more desirable location could be found for an
elegant country residence than this meadow, nestled high among therocky wooded bluffs,
peacefully sleeping in beauty, with no sound save the sighing from the trees that line
the entire horizon on every side, or mayhap the rustle of the roving wild animals of the
mountain forest. The amount of water that can be utilized for manufacturing and mill
purposes is sufficient for all that will ever be required. We are now once more among
the pines that only reach a certain altitude, here not exceeding 9,000 feet. Spruces
are growing scarce, while the aspen still remains, a native of many altitudes. Black
walnut (Juglans rupestris, var. Major) of medium size are here observed. As was ex-
pected, the trail followed is a nearly latitudinal one, that has been traveled from time to
time by Indians en route from Tulerosa to Apache. Many of the smaller streams now
flowing will run dry later in the season. At3 p. m. a party arrives from Apache with
provisions, and, Lieut. Tillman reports, bringing mail and other material—quite an
event in our forest life.

Awugust 30.—The trail from this point follows nearly a due west course for a few
miles, then, turning toward the north, comes out near the head of the cafion from the
south that was noted as in full view to the east of south from the hill ascending near
Green Corn Camp, the scene being at once grand and striking.

Making a steep descent, we commence the zig-zagging process along the mesa that
faces the east fork, and emerge into the narrow valley of the stream directly opposite
Green Corn Camp. Apache is soon reached, along the south bank of the stream. (For
area visited, see northeast corner of atlas sheet 83 and southeast corner of sheet 76.)

The Indian tribes encountered were the Navajoes, Zumis, Moquis,
Jemez, White Mountain Apaches, and those found at Fort Bayard and Old
Fort Tulerosa, also the following pueblos: Moquis, with its seven villages;
Zuii, including the outposts at Nutria, Pescado, and Ojo‘Caliente; Acoma,
Isleta, Jemez, Tesuque, San Yldefonso, Silla (or Zia), and Laguna. The
area under survey has embraced the greater part of that originally inhab-
ited by the pueblo or town people and all of that belonging to the present
pueblos, to all of whom grants of land have been or are in process of
being confirmed.
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The count, as stated at the agency.of the Navajoes at Old Fort Defi-
ance on the then last annuity day, was 8,616, which had, however, before
reached as high as 9,700. In annual report of Indian Office for 1886 the
enrolled number is given at 17,358. Not more than 4,000 to 4,500 were
in the habit of appearing on annuity day. The agency is situated (1873)
near the southern end of the resérvation, while the several bands live along
the banks of the San Juan and its southern tributaries.

They appeared to care little or nothing for their agent, and were kept
in awe solely by the presence of troops at Fort Wingate, near southern
extremity of reservation limits.

They had been moved a number of years before from the Pecos Valley.
Many bands have large herds (reaching into the thousands) of horses, cattle,
goats, sheep, mules, and donkeys. Manuelito, a fine specimen of an Indian,
was their war chief, in fact the only one who had a voice with and a
control over the whole tribe, the head chief being old, decrepid, and in
his dotage. He had five wives or squaws, and each of the bucks of fine
prowess and large wealth in stock had more than one. These dusky
virgins possess a market value at maturity, the price depending upon family
caste, good looks, chastity entering with considerable weight. The daughter
of a prominent sub-chief is generally worth about four horses and twenty
sheep, that are divided usually between the father, elder brother, and herself.
As a race they are of more than average Indian intelligence, possessing rare
qualities of shrewdness and cunning. Their facial dimension approaches
the rectangular, and, except in individual cases, the high cheek-bones and-
irregular noses are lacking. The squaws are better treated than in any tribe

- yet visited (1873), and, although obliged to do some of the drudgeries of
manual labor, still spend considerable time at their weaving and produce a
woolen textile fabric for use as garments and for household purposes. This
tissue is excelled by none for durability and unrivaled because of its im-
permeability. Tradition dates their knowledge of this art (back of any his-
torical association, however) to a Welsh or Danish woman, who lived to a
good old age among them, and they now worship an old woman as one of
their deities. In early days they colored their raw weaving material in nat-
ural dyes, black, green, and yellow, but since the Government furnishes them
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colors, they have discarded their own for an inferior substitute. Some of

their designs are highly characteristic and show good taste for color and

figure. Should one Indian kill another by accident, another life must be

the ransom or the payment of a stipulated number of horses or sheep, or a

certain sum of money. Their sense of retributive justice is strong. Three

or four Navajo pupils were being educated at the agency at a cost of $1,200
per year to the Government. The Navajoes had for a number of years
made regular raids on the Mormon stock herds to the north of the Colorado,
~ which has latterly, however, been stoppéd. They fear the incursion of the
pale-face, but above all dread an inroad by the Chinese, that, locust-like,
would consume everything in the land.

~ The ranches were few and far between along the route, and taking
into account the extent of the Navajoe and White Mountain Reservation
and the ground claimed by the Zumis, there was but little land left to en-
courage the settler to wander in this direction. However, the area visited
to the east of a north and south line passing through the highest point of
the Sierra Blanca and embracing thousands of square miles cannot be ex-
celled by a like area on the continent for grazing and timber, while certain
of the glades and valleys below 8,000 feet in elevation are susceptible of
tillage, and the dark volcanic soil (of trachytic and basaltic components) is

‘unsurpassed in natural fertility. The points at which floatrock even of the
precious minerals had been found were few. Prospectors showed, besides
the precious stones, specimens of silver ore, reputed as coming from the
Navajoe Reservation, still others from the Zuni Mountains, while a third spot
on the banks of Salt River, south and east of Apache, had been prospected |
successfully and locations made by Mr. Cooley, a guide and interpreter at
Apache. Other mines of copper and silver ore had been discovered on the
San Francisco branch of the Gila.

. The only general wagon-route through the area visited personally was
the one leading from Wingate to Apache, while now arailroad (the Atlantic
and Pacific) from Albuquerque, on the Rio Grande, to the Needles, on the
Colorado, has been built and opened (1883), and the Arizona portion of the
region visited in 1873 is reached from a station named Holbrook, on the




EXPEDITION OF 1873. 71

Little Colorado, from whence stages depart for Apache direct, and for
Springerville (Milligan’s Ranch) via Saint John’s, on the Colorado Chiquito.

The only. lakes reported in the Arizona and New Mexico portions of
the area are two small ones (more properly lakelets or ponds), the first
lying near head of White Mountain River, and the second found near the
head of another branch of the North Fork, both small reservoirs emptying
into the stream in question, and a third (Reservoir Lake) lying near the
“headwaters of Salt River, and without visible outlet. This lake lies in a
shallow basin, its waters resting upon and walled in by lava, slightly eroded
The water is shallow, weeds reaching the surface. At its stage in August
it covered approximately 50 acres, with a possible 75 acres at maximum.
An old beach, 10 feet above present level, long since-abandoned, is ob-
served. It appears to be permanent on account of the life it contains, ‘and
must have an underground outlet, as its waters are fresh. From the sum-
mit of the Sierra Blanca, as one looks eastward at the rising of the sun, and
when the adjacent amphitheater is first flooded with its morning light, it
sparkles like a jewel, and is well set off by its mountain and mesa surround-
ings, by which it is encircled on every side. The sources of the streams
making up the headwaters of the forks of White River, the Salt, Bonito
Prieto, Blue, San Francisco, Gila, and Little Colorado Rivers, are perpefual
springs, rising near the mountain summits from storage reservoirs in the
trachyte, dolerite, and basalt of this region, and following the courses that
lead to their far-distant ocean level in the Gulf of California, they soon
expand into a number of sparkling streams within the lava region which
traverse a plateau-like area in which the cones of the Sierra Blanca are
centrally situated, the picturesqueness of which is not equaled within our
borders, not forgetting even the Willamette Valley of Oregon, although
the latter, long and level, affords wider fields for agriculture, while much of
the Eastern Arizona and Western New Mexico region, in which the Sierra
~ Blanca lie centrally disposed, is valuable only for grazing-and timber, water
being in abundance; a country indeed in striking contrast to the compara-
tive deserts of the lower Colorado Chiquito, Gila, and mesas westward of
the Rio Grande in like latitudes.




72 TU. S. GEOGRAPHICAL SURVEYS WEST OF 100TH MERIDIAN,

These streams, particularly mentioned and belonging to the portion
visited, all finally reach the sea by the mouth of the Colorado of the West,
the continental divide lying to the eastward.

The portion known as Mogollon Mesa and White Mountain Region
consists, geologically, the former of Carboniferous strata (limestone pre-
dominating) and volcanic material, in the following order of sequence, as
observed by Mr. Gilbert: (1) Trachyte; (2) *Sanidin-dolerite; (3) Basalt.
In the Geological Maps, Nos. 1 and 2 are designated as trachyte and
rhyolite. This volcanic field is an arm of a great region of igneous rocks,
reaching almost continuously from San Francisco Mountains, on the north-
west, to Mount Taylor, at the southeast, as centers of flow, and estimated as
covering about 25,000 square miles. It lies principally between latitudes
32° 45’ and 34° 20/, and longitudes 107° 30’ to 110° west of Greenwich.
Thomas Peak, the summit of the Sierra Blanca, is also an elevated center
of disturbance, and the resultant eruption and upliftv has left lava beds of
about 3,000 feet in thickness lying presumably on the Carboniferous, which
is observed to the eastward of Camp Apache, along Main or East Fork of
White Mountain Creek for 8 or 9 miles, there passing under the volcanic cap.
. M. Gilbert assumes three distinct lava flows in the order above given,

the trachytic being the least recent. The basalt appears in patches, except
to the north of the Sierra Blanca, Green’s Peak being a center of an ex-
tended basalt area, which also appears along the bed of North Fork to vicinity
of Fort Apache, the latter showing Carboniferous.

The Little Colorado, near its head, is covered with almost continuous
patches of basalt, the Triassic emerging near the present site of Saint John,
and continuing along the valley to Sunset Crossing, where a Carboniferous
horizon appears. Triassic also obtains in vicinity of Fort Wingate; the
Zuni Mountains are Carboniferous, while the Carrizo Valley and Zuni Pla-
teau show cretaceous sandstone as predominating. The approximate zones
(limited by altitudes) of the class of botanical products in the 1873 region
in New Mexico and Arizona have been given by Dr. Loew (see p. 603,
Vol. III), as four, viz:

* The term ‘sanidin-dolerite” was proposed by Mr. Gilbert for temporary use. See p. 526, Vol.
111, Geology.




EXPEDITION OF 1873. 73

(1) Zone of cactus, yucca, and agave; altitude 3,000 to 3,500 feet;
grass scanty. Where there is water a most luxuriant vegetation springs up.

(2)- Zone of Obine and Artemisia (greasewood and sagebrush); alti-
tude 3,500 to 4,900 feet; grass poor, with few exceptions, on granite and
volcanic soils. The cactus species are diminished in numbers.

(8) Zone of Jumiperus occidentalis (cedar); altitude 4,900 to 6,800
feet; cactus species few. ’

(4) Zone of pine and fir, 6,800 to 10,800 feet (highest points).

Thus are presented, between latitudes 33° and 34° north, and at eleva--
tions from 3,000 to 11,000 feet, plant life comparable with that of the Sahara,
Desert, warm, temperate, and subalpine climates. Dr. Loew also pre-
sents in Volume III highly interesting results of soil and mineral analyses
and of mineral springs, among which may be noted the compal'ison of the
mud of the Rio Grande with that of the Nile, in which it is found that the
former is richest in potassa and the latter in phosphoric acid, the deduc-
tion being drawn that no other or better fertilizer is required than the layer
of finely-pulverized virgin soil that results from irrigation in the middle
Rio Grande Valley. .

Of the collections of fish, many coming from the streams heading in and
near the Sierra Blanca, there were sixteen new species. Mr. Henshaw adds
to the list of birds, and determines the presence of several well-pronounced
Mexican types. Dr. Rothrock adds his chapter and data to the critical and
economic botany of this section (see Volume VI).

The predominating timber species observed in the White Mountains are
the pine (Pinus ponderosa, Pseudotsuga Douglasii), fir and spruce (Abies
concolor and Picea Engelmanni), oak (Quercus undulata and Emoryi), black
walnut (Juglans Californica), and juniper (Juniperus Californica). During
the seasons of 1873-'74-"75 a number of objects of archeeological inter- -
est were 6btained in New Mexico and Arizona, to which reference is made in
Volume VII, p. 374 (see also Plates X VI, XXVII, and VIII, Volume VII).

These articles were but individually collected in an irregular and des-
ultory manner, pointing, however, to the localities whence is likely to come,
through systematic search, a clearer view of the circumstances of life of the
pre-aboriginals and to the regions where the sites of ruins are counted in
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great numbers, a part of which area yet awaits thorough exploration, and
within which the surface of the subject of archseology has been as yet but
scratched.

Twenty-seven hundred geological specimens were collected during the
season, also 4,500 fossils and 1,600 minerals, ores, &c., together with those
mentioned in the following list:

COLLECTIONS.

The following summary shows the number of speclmens collected dur-
ing the season:

Mammals, comprising alcoholics, skins, and erania, 67.

Birds, comprising aleoholics, skins, crania, sterns®, nests, and eggs, 1,450,

Fishes, comprising alcoholics and skins, 1,660. ’

Reptﬂes, alcoholies, 280.

Insects—Orthoptera (grasshoppers), 105 lots, probably 2,500 to 3,000; Coleoptera
(beetles), 60 lots, probably 2,000 to 3,000; Lepidoptera (butterflies), mcludmg Zygeni-
de and Bombycida®, 428; Hymenoptera (wasps and bees), 90 lots, probably 4,500;
Diptera (flies), 17 lots, probably 170 ; Hemiptera (bugs), 67 lots, probably 1,500; Neu-
roptera (dragon-flies), 41 lots, probably 200; Formica (ants), 30 lots, probably 2,000;
Arachnida (spiders), b4 lots, probably 600.

Mollusca (shells), 22 lots, probably 500.

‘Worms, leeches, and crustacea, 52 lots, probably G00.

Also 19 lots ethnological specimens.

These have since been transferred to the National Museum.

Plate VI1I.—This view, sketched by Mr. Gilbert Thompson in 1873, from Echo
Peak, opposite the mouth of the Paria, marks substantially the commencement of the
main or lower Grand Cafion of the Colorado River, or the one ascended to the mouth
of Diamond Creek by the boat party of 1871. An edge of the Paria Plateau is shown
at the right, and the eastern escarpment of the Buckskin Plateau appears at a distance
in the center. The cafion, passing centrally through the view, here presents the ap-
pearance of having been forced asunder as if by the upward pressure of a widely
extended and rapidly applied subterranean force, whereas observation goes far to
prove that the volume between its mesa-like walls has been removed in greater part,
if not all, by the slow process of water erosion, assisted somewhat by thé denuding
effects of the atmosphere. So far as known, the cafion nowhere presents so even and
unbroken a surface at the summit of its first walls, that are usually quartzite resting
on granite, the beds that constitute here the exteriorand outlying plateau approaching
much nearer the bed of the stream from its entrance into the deeper cafion, commenc-
ing at the Buckskin Platean, only to terminate at the Colorado crossing of 1871 (see
Aflas sheet 66), a distance of approximately 250 miles.



CROSSING OF THE COLORADO RIVER NEAR MOUTH OF PARIA CREEK.

( EASTERN EDGE OF THE GRAND CANON IN THE DISTANCE.)

1873.
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The variegated and vivid colors of the mesa walls of the above plateau as seen -
from Echo Peak (from which point a pistol-shot gives seven distinet reverberations)
present a beautiful appearance.

Plate IX.—This sketch, in colors, is irom a photograph by O’Sulllvan, taken at
one of the Navajoe wick-e-ups, near Old Fort Defiance, and is a scene of Indian every-.
day life. The head and lord of the family looks on with phlegmatic equanimity at the
patient industry of the squaw and indulges in day dreams, undoubtedly of victories

. of war or excitement of the chase, performed by him or his ancestors. They gather a
scant harvest of corn and grain, but depend now for the greater part npon Government
rations.

The slow process of weaving the famous Navajoe blankets may thus be described:
Two horizontal poles, at a little greater distance apart than the length of the blanket,
are fastened to two substantial uprights, while a third horizontal pole (movable) re-
ceives the stretched warp threads at a convenient distance from the ground ; the woof -
threads are inserted, one by one, by hand, each being followed up by a narrow, thin-
‘edged board, hammered down by a cleat so skillfully handled as to scarcely break a
thread. The time for completing a full-sized blanket varies from two and a half to
three and a half months, according to fineness and design. Aboriginal, Government,
and imported yarns are used. These blankets, often of excellent design, are unlque
as regards warmth, durability, and impermeability.

Plate X. —-The walls, shown in the picture, which'is a reproduction from a photo-
graph by the late T. H. O’Sullivan, in 1873, at Camp Beauty, in the Cafion de Chelle,
were estimated by him to be 1,200 feet in height. Mr. Victor Mindeleff, of the Geolog-
ical Survey, gives them at 1,000 in 1883. The abrupt descent into this cafion is reached
from the south by a trail from Old Fort Defiance (35 miles distant), traversing a dry,
sandy desert plateau. '

The main of the shafts of rock at the right (all solid sandstone, of obelisk shape)
is stated to be 742 feet high. These stand in an isolated group near the center of the
cafion. .

The same columuar form is represented elsewhere in the valley of the Chelle
(which in places is 3 miles wide) by the ¢ Explorer’s Columnp,” a pillar in altitude equal
to the above of regular, shaft-like form. At this point five lateral cafions converge
from as many directions toward the main gorge, giving the locality the appearance of
a star of six points. The walls are substantially vertical near the mouth of the cafion;
the bottom is sandy and flat.

The stream which rises near the head sinks beneath the sandy floor before reach-
ing this point. The débris from the less vertical walls accumulates nearer the source,
while the cafion gorges, towards its bead, entirely disappear.

The ruins of the Cafion de Chelle were first brought to notice through Lieutenant
Simpson’s reconnaissance of 1849. Some are said to be 400 feet above the river bed,
and without evidence as to how they were reached. The Navajoes have no knowledge
of their origin, or a tradition, even, and apparently they have been long in ruins.

One of the ruins of the Cafion de Chelle (represented in Plate XX, Volume VII,
Archaology) is shown to be 50 feet above the cafion bed, and was named ¢ Casa Blanca,”
or “ White House.”




SUBVEYS WE ' 100™* MERIDIAN.




WEST OF 1007 MERIDIAN.

w2

115, GEOGRAPHICAL SURVEY

SANDSTONE WALLS. IN CANON DE CHELLE, N. M.
( CAMP BEAUTY 1873.)



76 TU.S..GEOGRAPHICAL SURVEYS WEST OF 100TH MERIDIAN,

Beneath it are ruins of other stone structares, the former appearing to have been
a fortress or place of refuge in time of danger.

The walls are made of soft stone, split but not dressed, held together with mud
mortar and covered on the outside with a whitewash or plaster of unknown composition.

The wall-rocks, of a somber red sandstone, blending into a rich brown, approaching
to black in places, are slightly furrowed nearly horizontally by the storms driving
through the cafion, and vertically by the dripping from above. These ruins, in the
main, appear to have been located conveniently to the tillable areas, while some of the
largest are constructed upon the bed and at the sides of the cafion, with others above
them. These latter are true cliff-dwellings, the niches or alcoves in which they have
been built receding scarcely more than 10 feet, and are in no sense caves. The ap-
proximate length of the cafion is 30 miles. .

Plate XI.—This view (in colors) is introduced to illustrate, although but rudely,
the beauty of the park-like valleys found almost indiscriminately along the flanks of
the Sierra Blanca Range of Eastern Arizona. It is a reproduction from .the only
typical scene photographed by the late Mr. T. H. O’Sullivan. No picture can equal
the original and no pen nor language describe the rugged grandeur of the broken sur-
rounding mesa and mountain or the gentle valley-like glade, finely grassed and inter-
spersed with pine groves. The soil of the valley portion responds to the husbandman
at this altitude (less than 7,000 feet), while the surrounding rolling hills, as well as the
mesa tops and the foot-hills, where the timber is not too dense, are covered with the
richest growth of the nutritious grama and bunch grasses, making it one of the most
desirable of all stock ranches. The coloring is by the hand of Mr. H. J. Morgan,
following sketches and notes taken in the field.

Plate XII (Alpine Lakes, Cerro Blanco Mountains).—East of the Continental
Divide, at the head of the Arkansas, which from this point follows the crest of the
Saguache arm of the Sierra Madre and as far south, approximately, as Santa Fe, N.
Mex., lying between the valleys of the Rio Grande and the Arkansas, and in which
head the Purgatory, Cimarron, Canadian, Moro, and Pecos Rivers, as well as many
minor streams of the Rio Grande and Arkansas basins, is found a succession of
mountain ridges fronting the great plains in bold relief along a line not far differing
from the meridian of Pike’s Peak. The Sangre de Cristo Range, although a little to
the westward, mark, with the Wet Mountain Range, immediately to the east, the
northern limit of the Veta Mountains and Cerro Blanco group (sometimes called Sierra
Blanca), apparently gathering the two above ranges into one, the Culebra, with the
prominent Spanish Peaks, as eastern setinels, which latter, a narrow ridge, in turn
widens out until farther to the southward appear the Cimarron, Taos, Mora, Las Vegas,
and Santa Fe ranges (see Atlas, sheets 61 B, 61 D, 62 A, 62 C, 69 B, 69 D, 70 A, and
70 C).

The subject of the accompanying illustration, embracing the summit of the Cerro
Blanco, occupies a salient in the great San Luis plain or valley north and west from
Fort Garland and quite separated from the main ridge, forming the nucleus of 2 special
group, although in continuation of the general trend of the Sangre de Cristo.

The peak lies in latitude 37° 34’ 43"".5 north, and longitude 105° 28/ 53//.3 west of
Greenwich, and at an altitude of 14,270 feet above sea, the mountain group forming the
divide between the drainage basins of the Upper Rio Grande and Huerfano, & small
tributary of the Arkansas,
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Four well-known passes lead from the valley of the Arkansas to the San Luis, iu
vicinity of this mountain mass; to the north the Mosca (9,787 feet), to the east the
Sangre de Cristo (9,578 feet), and leading into it the Veta (9,392 feet), and a little more
to the southward, but joining Sangre de Cristo Creek on the west, is Indian Creek
Pass (9,720 feet). Since ocecupying this peak and region the Deunver and Rio Grande
Railroad have utilized the Veta Pass in its branch leading to the Rio Grande and the
southern part of the San Juan region.

The ascent of this peak can ounly be acecomplished from tke main western branch
of Placer Creek, that takes its rise near the eastern summit, which along a narrow
northern spur is exceedingly precipitous until a small bench is reached, approximating
11,000 feet, at the immediate toot of the bare granite mass cut by many trachytic dikes
of considerable size, of which the peak proper is composed. = Here little Alpine lakes
(like that shown in the view) act as reservoirs for the perpetually melting snow of the
summit ravines. The timber line ceases where the lakes commence. Ten lakes were
counted rising in terraces.

The most elevated are kept full and cool throughout the summer from the constant
melting of the perennial snows along their edges, from where the overflow feeds those
at the lower levels, until the lowest empties into the drainage of Placer Creek. So far
as known, it had never been ascended by white man prior to August 14, 1874, when
Gilbert Thompson and Frank De Y. Carpenter, topographers of the expedition, occu-
pied it, as a main triangulation station, remaining over night on the summit. The top
is but a few yards in extent and occupied almost entirely by a circular depression,
possibly used by Indians as shelter for their sentinels, who probably occupied this at
once commanding and strategic point as a watch-tower from whence to signal the ap-
proach of an invading force, especially from any direction in the broad expanse of the
San Luis Valley.

The peak lying to the left of the center of the sketch is the one to which reference
has been made. The crayon lithograph plate was produced from a photograph by
O’Sullivan, as an original.

Geologically (as determined by Prof. J. J. Stevenson and Mr. F. M. Endlich) this
peak is a naked. mass of eruptive granite (grayish in colot, resembling syenite, and
uniform in texture), which apparently terminates one of the anticlinals of the Sangre
de Cristo Range. The granite is flanked at the southwest by trachytic beds.

EXPEDITION OF 1874.

The expedition of 1874 covered an aggregate area of 23,281 square
miles, distributed as follows: Arizona, 275; Colorado, 3,600; New Mexico,
19,040; and Utah, 366 square miles, and found in the basins of the Rio
Grande; Gunnison, Arkansas, Chama, Cimarron, Mora, and Canadian rivers.

The main parties were organized at and operated qut from Pueblo.

Nore.—The general route followed by the officer in charge was from Pueblo to
Fort Garland, via Sangre de Cristo Pass, thence to Conejos, thence via Prospect Peak,
heads of Conejos and east fork of San Juan to Pagosa Springs, thence to Tierra Ama-
rilia and return, thence via head of San Juan and south fork of Rio Grande to Del
Norte, thence by stage to railroad at Cafion City, Colo.
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The topographic results of this season are to be found in Atlas Sheets
61C, 61D, 62C, T0A, 70C, 69 B, 69 D, 69 and 68.

The routes of early explorers traversing a part of the area are:
(1) Pike, 1807 (to the Rio Grande); (2) Frémont, 1844; (3) Simpson, to
Canon de Chelle, 1849; (4) Gunnison, and (5) Whipple, P. R. R. S, in

11853, and (6) Macomh, 1859.

The subdivision of the public land surveys had been carried on only
to a limited extent, except in vicinity of Pueblo, Trinidad, Fort Union, Las
Vegas, and Santa Fe; nor, indeed, except in the San Juan regions, have
later calls (1883) demanded the sectionizing of these lands to any consid-

erable extent.
PARTIAL ITINERARY, 1874.

From camp on Smith’s Island, near Fort Garland, to Tierra Amarilla, via heads of Conejos
Creek, San Juan River, and Pagosa Springs.

August 17.—Broke camp and moved westward a distance across San Luis Valley
of 16.8 miles, and camped upon the Trinchera, a tributary of the Rio Grande, about 4
miles from the mother stream. The road descends gently for the entire distance, is
sandy in places, and finally enters the bottom of the creek at a bend shortly below the
junction of the Ute and Sangre de Cristo creeks with the Trinchera.

In the horizon are the broken ridges composing the Sangre de Cristo Pass, due
east of the Cerro Blanco peaks, and farther to the north the Sangre de Cristo Range;
the Saguache (southern ridge of the Sierra Madre) and the mountains at the head of
the San Juan to the northwest, and their southern spurs immediately to the west of
camp, while in the southern horizon volcanic masses join these foot—hllls and several flat-
topped mesas on either side of.the Rio Grande.

August 18.—A camp near the little town of Conejos is reached at a distance of
about 20 miles over a comparatively level road, the river admitting of being forded at
this season. Observed nothing worthy of note, except the so-called Hot Springs at
Norman’s Ranch, near Conejos Creek. The main spring lows 8,000 gallons per minute,
varying in temperature from 53° to 65°© F. Several smaller ones appear in the vicinity.
These springs have long been used by the Mexicans for rheumatic affections. This
group of springs occurs 20 miles east of where the foot-hills of the San Juan Mount-
ains reach the plains. Here and there appear island growths of the black species of
grama, while the artemisia is persistent. The strip of land north of the road from the
ford to Conejos and east of the foot-hills and northward to Del Norte could all be
brought to a high state of cultivation to the extent of the volume of water of the
Rio Grande and the mountain creeks flowing to the eastward.®

* NoTE.—Guadaloupe, the oldest plaza, was located November 24, 1854, the others more recently.
Most of the inhabitants came from New Mexico. The church in Conejos was erected in 1858. Over
1,000 persons attend services each Sunday, but more than 2,000 pay tithing. A college and convent
are in process of erection. Three priests and five monks constitate the head of the church in Conejos
Cecunty.
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August 24.—Lieutenant Whipple with the main party follows up Conejos Creek,
with instructions to camp at a point convenient for a party under my direction en-
gaged in a détour to the north and ascent of Prospect Peak. The détour route lay for
a mile along the creek, with banks of about the same level as the plain which adjoins
the low volcanic foot-hills that, bordering the Couejos and San Antonio Creeks, are of
basalt in place on the Mesa and as finely comminuted drift at the lower levels. A
sparse growth of scrub cedar, stunted pine, and spruce form patches on Prospect Peak,
from which the view toward head of Conejos Creek was extremely beautiful, bearing
resemblance to portions of the more broken ravines and mesas of the White Mountain
regions pierced the year previous.

A little creek reaching the Conejos from the north is visible here and there, half
valley, half glade (timbered along its flanks with pines of considerable size, inter-
spersed with quaking aspen), until cut across by one of the southern forks of the
Alamosa. The voleanic covering of the mesas, of the entire western horizon of Pros-
pect Peak (densely wooded in places), much resemble on a small scale the basaltic
lava field in the vicinity of the Sierra Blanca of Arizona.

One Mr. Wallace, a deputy mineral surveyor, reports a peg found and pulled up
by him in the Sangre de Cristo Pass, about 3 miles below Stearn’s Ranch, marked
- “Lt, Pike, 1807,” which would indicate that this officer was marking points of his
route, to be recognized by others in case of his loss or capture, the latter taking place
at the junction of San Antonio creeks (where it is stated that the ruins of a block-
house, built for defense of his party, still stands), and also that he passed from the
basin of the Arkansas to that of the Rio Grande de Norte, by either the Sangre de
Cristo or the Veta Pass. Color (gold) results from rude pan-washing in the bed of
Conejos Creek.

August 26.—Three divisions are made, one going to Prospect Peak to augment ob-
servations, a second following the main valley of the Conejos, and a third (with the
writer) to reach a rendezvous at a point named Red Bluff, via head of Prospect Creek.
‘ On account of want of trail and serious physical obstacles the party did not ren-
dezvous until the 28th at Beaver Dam Camp higher up the Conejos and nearer junction
of its two main forks. Basaltic lava everywhere predominates, making box or impass-
able cafions along the main stream and certain tributaries. Deer and foxes prevalent
as game, and fine mountain trout in the stream. Yellow pine, spruce, and aspen are
abundant on every side, with rich mountain bunch grass in the ravines as well as upon
the mesa slopes.

August 30.—No rocks underlying the basalt of this portion of Conejos Creek are
noted, the specimens found in cafions to the westward and on Conejos Peak being all
volcanic.

The Chama heads to the west of Beaver Dam Camp. Shortly after leaving this
camp the Conejos turns to the westward, when highly metamorphosed granitic rocks
appear. The character of the creek bottom changes, widening into a little park,
‘spruce timber appearing on surrounding mesa-like hills except when the rock is ex-
posed. Fox, martin, beaver, grouse, and duck were seen and captured in this Jocality.
Soon the Conejos turns to the south and west, and its bed is left to cross a little divide
which presumably would lead us on to the stream near its head (a camp being made
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in a wilderness of timber) near the divide and toward a stream the banks of which being
reached was found to flow to the north and east. This proved to be the South Fork of
the Alamosa.

Awugust 31.—Visited mines near the Sonth Fork of Alamosa Creek, believed to lie
in the southern extension of Summit District. The formation is here a metamorphic
granite, while the lodes prospected were noted in connection with quartzite, said to
contain free gold, and affording high assays.

September 1.—Follow the Alamosa without trail to near its source, which is found
to be from glacial snow-banks near Summit Peak. .

September 2—Summit Peak was climbed, its elevation proving by computation to be
13,393 feet above sea. Around the cluster of peaksin its vicinity heads the Alamosa,
Conejos, and Blanca creeks, and the Chama River, and east fork of the San Juan and

“South Fork of Rio Grande. This mountain peak appears to be one mass of highly
metamorphosed syenitic granite. While the geology of the foot-hills west of the San
Luis Valley has proven simple, that of the uplifts, in which nestle the sources above
named, is quite complex, and yet awaits full study.

The Conejos is entirely late volcanic to the point of its turning westward ; then
appears granite but little altered, then granite on the South Fork of the Alamosa
highly metamorphosed, interspersed with dikes of quartzite and beds of conglomerate,
along the route followed, while on the east fork of the San Juan older lavas much
contorted are the surface formation. )

Here one of the worst descents into the cafion of the East Fork of the San Juan
ever made by our expedition pack-trains was undertaken, and camp made in a little
nook overlooking an almost perpendicular cafion wall, fully 1,000 feet in height.

September 3.—A camp is finally made in a glade, lower down the stream, that
flows due westward, which had to be forded several times at great risk at selected
points. Here the parties separate, the one under my charge pushing ahead to reach
finally a welcome trail, which proves to be the one leading from the Upper Rio Grande,
at the mouth of its south fork, to Pagosa Springs, on the main San Juan, where a
rendezvous camp was established, and from which point exploring and surveying
parties were dispatched in all directions.

°

Pagosa to Tierra Amarilla and return.

This trip was made by the westerly route, crossing the mesa to the west of the
Chama River at Horse Lake, returning by the route following toward head of Chama,
then crossing the heads of Navajo and Blanca creeks, reaching the eastern banks of
the San Juan. '

Portions of this route had belonged to the old trail from Santa Fe to the North-
west, and was followed by the Escalante exploring party in 1776. This country is a
succession of mesas, bordering on the Chama, Chaco, and San Juan Rivers, well de-
seribed in the reports of Professor Cope. The country is well grassed and timbered, .
although scantily supplied with water, except along the several creeks. The Blanca,
‘nearly dry, was the first stream crossed, then the Little, and a little farther on the
main Navajo, reaching the Chama, opposite the Mexican settlement of Los Brazos, a
few miles south of which was found the site of Old Fort Lowell.
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The name Tierra Amarilla (yellow earth) is descriptive of the alluvial soil washed
from the persistent sandstone mesas found on either hand.

The Denver and Rio Grande Railroad now has a junction at a station called An-
tonito, a short distance south and east of our camp at Conejos, from whence one track
runs southward along the Rio Grande; a second, or the western branch, reaching 1he
Chama by head of Los Pinos Creek, thence by one of the heads of Navajo Creck to
the San Juan at its mouth, thence along the San Juan to mouth of the Piedra, theuce
partially across a mesa westward to Los Pinos Creek, thence to Durango, its terminus,

_in the valley of the Animas, from which a northern branch bas been run to the mining
town of Silverton. Thus the southern half of the intricate and comparatively inac-
cessible San Juau region is tapped and given a communication with the outer world;
while the northern part is fed with a branch of this same railroad enterprise entering
the valley of the Gunnison from the Arkansas via Marshall’s Pass, following the former
river to near its junction with the Grand, thence substantially on the old Gunnison
wagon-road to Salt Lake City. The San Juan region, having Ouray as a center, feeds
into this road at Montrose, approximately 45 miles from Ouray, while a branch of same
road through the Poncho Pass reaches the town of Gunnison via the head of San Luis
Valley and ridges to the westward, the road being tapped from Lake City at Sapenero .
Station, 38 miles distant. The Alamosa branch has been extended as far as Del Norte
and branches from Gunnison and Poncho Pass pierce into the adjacent mining districts,
forming further arms of this vigorous and useful narrow-guage system.

The route from Pagosa Springs to the Rio Grande at the mouth of its south fork lay
along the banks of the San Juan to its main head, thence by a tortuous, almost blind
trail at more 1than 10,000 feet altitude to the heads of the south fork of the Rio Grande,
thence to its valley reaching a wagon-road at a saw-mill a few miles before attaining its
junction with the main stream (altitude 8,016 feet). ‘

A most beautiful little mountain valley is found on main fork of the San Juan two
or three miles above junction of east fork, thence the trail ascends the high, bare, pre-
cipitous mountain ridges upon which it was necessary to camp when darkness came,
at an approximate elevation of 10,500 feet amid snow, sleet, hail, rain, thunder and
lightning, in the face of almost a hurricane of wind; these combined demonstrations
of nature, playing each its separate tune, all discordant, which was not enhanced in
melody by the cracking, crashing, and crunching of the tall gaunt pines which as vic-
tims lay along the lightning’s course. : '

Sunow covered the ground 4 inches in the morning. So far as known there has
never before been recorded within one horizon at one time in different parts of the
heavens, rain clouds, the moon visible in a clear sky, with thunder and lightning, hail,
and snow, all recurrent within the hour.

The sources of the Rio Grande are found in the heart of the so-called
San Juan region at an elevation exceeding 12,000 feet, in latitude approxi-
mately 37° 46" north and longitude 107° 33’ west of Greenwich, flowing
eastward until it reaches the San Luis Valley or plain, and thence runs
nearly due south until El Paso (a point on the Mexican border) is reached,

from whence it makes easting to its mouth in the Gulf of Mexico.
6 WH—VOL 1
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During its fall of more than 12,000 feet a number of the series of geo-
logical formations have been cut. Archaean (granites), Carboniferous, and
Triassic (with beds of basalt and other eruptive rocks on either hand) are
noted before reaching the San Luis Valley; then various forms of alluvium
appear until the latitude of Conejos is reached, when the river cuts its way
through extensive beds of basalt and trachyte (the former predominating),
which continue to the approximate latitude of 36° 20'. Here beds of the
Terﬁary (Loup Fork and other marls) and afterwards Triassic are found,
reaching further south than Santa Fe, beyond which point no geological
data has been systematized through this office.

The material held in solution and suspension, more especially from the
limestones, trachytes, and basalts above mentioned, as well as those cut by
the mountain affluents on both sides, conjoin to produce a sediment which
when precipitated upon the lower bottom lands of the Rio Grande leaves
there a rich residue which is an excellent fertilizer.

The annual rainfall along the banks of the river varies from an average
of 14.02 inches (Signal Service observation of nine years) to an approximate
maximum at the source of 60 inches. Although the larger portion of the
area of 1874, on account of its physical irregularities, broken and mountain-
- ous character and dearth of rainfall (usually in the valley not exceeding 12
to 14 inches) and limited opportunities for irrigation is unproductive, still
narrow strips along streams at levels not exceeding 7,000 feet can in nearly
every case be cultivated by ordinary ditch irrigation, while the greater part
of the grazing lands are found between 7,000 and 10,000 feet, with timber
fringes at from 7,000 to 8,000 feet, at which point the forests found to exist
set in, the latter reaching a limit at approximately 11,000 feet, above which
bare and precipitous rock or débris constitute the mountain escarpment.

The character of the rock as to its susceptibility to surface or atmos-
pheric denudation has a marked influence in determining the altitude limit
of vegetation in a given latitude, as well as the position of the point itself
with regard to humid-laden ocean currents, and therefore all observations
so far made on this point fail to determine the actual limit that might be
reached at any given latitude.
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The valley of the Arkansas (approximately 24 miles wide) is well
covered with fine vegetation wherever water can be brought upon it. The
valleys at the east flanks of Greenhorn Range (at elevation of 5,000 to
6,000 feet) are well grassed, but frosts occur throughout the year, except,

perhaps, from June 1 to September 15.

' The San Luis Valley is approximately 140 miles in length, and from
" 50 to 60 in width. A considerable amount of its territory could be brought
under cultivation by husbanding the waters of the Rio Grande and all minor
streams reaching it from every hand. The valleys of the Culebra, Cos-
tilla, Taos, Alamosa, and other creeks are all fertile and partially utilized,
while the Rio Grande is dotted with settlements from where it emerges
from the mountains at Del Norte to the Mexican border even, and in an
increasing degree from thence to the Gulf.

The summits of the San Juan, Del Norte,..Banded, and Chama mount-
ains form a part of the great continental divide.

The southern portion of the San Juan area toward the Chaco and
" lower San Juan borders on a waterless region, given up to the last stage of a
secular dessication that relentlessly claims it as a part of the desert land.

Legendary information exists among the Mexicans of running streams
and springs that existed one hundred and fifty years ago that have now
disappeared, while positive assertions are made of the drying-up of minor
streams within the past fifteen to twenty years.

The famous Pagosa Springs and their surroundings, the scene of a ren- -
dezvous, were found in a'virgin state, a sole squatter having improvised a
log cabin, where afterward Fort Lewis was temporarily located, but, like
many another of the pionmeer military camps, moved farther into the wil-
derness.

The formation immediately :nound the springs is sandstone of the
Lower Cretaceous, overlaid by a dark shale, exposed under which in places
is a dark argillaceous, fossiliferous limestone.

These springs are at the end of a beautiful park, ex’rendmg northward
along the San Juan for miles. That it was a place of resort since ancient
times by aboriginals is attested by deeply worn trails converging from all
directions. |
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Hills rise about them several hundred feet, covered with dense pine,
the San Juan Range appearing in the distance.

The various springs now active cover an area of fully 30 acres, the
river having cut throngh an old bed of incrustations fully 12 feet thick.
They are surrounded by a plain of limited extent richly covered with moun-
tain bunch-grass. The large spring is about 30 by 40 feet, the water coming
within 3 feet of the surface. Sounding was of no avail on account of the
craggy character of the incrusted walls. No bottom was found at from 50
to 60 feet. The main or Mammoth Spring is intermittent, with subter-
ranean outlet to the river, as well as another, but partly covered, exceeding
a foot in width and 4 feet deep.

The rocks near the underground orifices are everywhere covered with
sulphur, while at the mouth of the main outlet they are incrusted with a white
porcelain-like substance with a calcareous base. Professor Stevenson thinks
that the deep source is from the metamorphic rocks, and that sulphureted
hydrogen is generated in the limestones of the Triassic and the Carboniferous.

An elegant natural bath had been formed (1874) by walling out the
bulk of the San Juan and improvising a reservoir of proper depth, in which
the hot and cold waters could permanently mingle, there resulting a scale of
temperatures from about 70° to 140° Fahrenheit, according to position as
regards mouth of main stream from the Mammoth Spring.

 These springs are destined some day to be the site of a famous water-
ing place. The principal constituent is sulphate of sodium. (See p. 627,
Volume IIL) -

Temperatures 140°, 141° and 142° Fahrenheit were observed near the
edge of the large spring; the temperature of the interior, however, could not
be accurately ascertained for want of self-registering thermometers.

Besides Pagosa, the thermal and mineral springs at Manitou, Las Vegas,
Jemez, and Abiquiu were visited, description and analysis of which appear
in Volume IIL

Professor Cope discovered large fossiliferous beds of extinct vertebrates,
of which not less than 29 have been determined to be new, as shown in

Part IT of Volume IV.
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The nomadic Indians encountered by the main body of the expedi-
tion were the Uncompahgre Utes, a branch of the great Ute family hav-
ing Ouray (since dead) as their chief (also noted in 1873), with an agency
near the town just being organized (1874) of the same name, also the Muache,
Capote, and Weenemuche, or Southern Utes, and Jicarilla Apaches at Tierra
Amarilla. The former Indians, since made more generally known on ac-
count of the White River massacre, in which a distant band of the same
tribe took a part, have been massed further west and north, and their lower
reservation thrown open to settlement under certain conditions. This ap-
pears likely to be the fate of all the reservations that were laid out origi-
nally as to size, with less regard to the want of the tribes than were many
of the earlier grants of the Spaniards in our present territory of Arizona |
and New Mexico.

The following pueblos were visited by members of the expedition:
Taos, San Juan, Nambe, San Felipe, Santa Ana, Sandia, Cochiti, Santa
Clara, and Santo Domingo. (See Annual Report 1875, Volume VII, and
special chapter on Indians.)

The natural resources of the country traversed are comparatively good.
In the San Luis and San Juan valleys and the numerous cafions leading
to them, and also upon the mesa land adjacent, grass is abundant, and water
usually accessible and in many places plentiful for grazing purposes. Con-
siderable portions of the plains along the streams can be readily irrigated,
and, where used for farming, good crops are raised. The mountains vield
abundance of timber, and in the side valleys leading into the San Luis Val-
~ ley white pine of large growth forms extensive parks which will prove of
great value to the future settler, if sufficiently protected. Large herds of
cattle and flocks of sheep were found grazing in several localities, and
several Mexican towns and ranches, besides those strictly in the mining re- -
gions, were encountered along the principal streams as far west as the Chama
Basin.

Although the winters are long, the climate is mild, and grazing con-
tinues during the snowy season below the mountains. In the San Luis
Valley timothy grass and clover have been introduced, and produce well
where irrigated, and in some instances were found accompanied by the im-
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proved agricultural machinery prevalent in the East. But for the restrictions
of Mexican. grants of land, some of which are of disputed validity, the
southern and southwestern portions of Colorado and northern portions of
‘New Mexico would speedily entice a considerable population of farmers
and stock-raisers.

The region embraced is eminently a pastoral and timber country. Op-
portunity for agriculture is found only at specified points and over restricted
areas. However the popular theory of the sterility of many a western mount-
ain section has been exploded by actual examination, and the average arable
lands below which the entire area west of the one hundredth meridian would
not fall (the parties of this expedition having operated in portions the aridity
of which is a maximum) is to some extent understood by areference to the
land classification tables in a later chapter.

Forests of yellow pine await the call for lumber and for mining t1mbers,
railroad ties, &c., while spruce and fir, adjuncts to the forest, will help to swell
the product. The climate at elevations not exceeding 7,000 feet is equable
during spring, summer, and autumn, with heavy winter snows and well

‘marked seasons for summer and winter, the spring and fall being variable.
Those of the San Luis Valley and of the Upper San Juan and Chama are
regarded as some of the best plateau mountain climates in the entire
Southwest.

Stock raising had entered but little (1874) into these regions, that have
since, however, been appropriated, and the San Juan Valley begins to bring
a reward to the hardy settlers (other than miners) who have cast their lot in
these far distant regions. This year's expedition but skirted the extensive
San Juan mineral area, the knowledge of which is becoming greater each
year and which must remain for a long period an important mining center.

The principal streams within the area, the San Juan, Rio Grande, and
Chama (west of the San Luis Valley), all are blessed with numerous tribu-
taries, especially the first; many of them were meandered and made known
for the first time, adding thus largely to the critical data necessary to the
complete understanding in detail of the topography of this intricate region.
Springs and streams in abundance are found near the heads of the main
streams. All the physical conditions of the vicinity of the numerous heads
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of these streams are notably different from the valley basins more distant from
the sources, where the volcanic covering is wanting, and the valleys have
been largely cut out of sandstone or highly arenaceous rocks. The rainfall
in much of the area of the year exceeds 30 inches, while that deeper in the
heart of the San Juan region reaches as high as 50 inches. Most of the
volcanic and granitic soils retain moisture well, and hence the rolling valley
grounds where dense timber is absent are perennially clothed with rich
nutritious mountain grasses.

BEAVER PARK VALLEY-—CONEJOS CANON.

Plate XIIT.—This charming scene is laid near the head of Conejos Creek, not far -
from where it turns abruptly to the west and opposite a small western tributary.

Conejos Peak lies to the rear, and, covered by the distant foot-hills, is shown in
the center of the picture. The formation on either band is volcanice (trachyte), much
broken below the edge of the inclosing bluff. The whole region, from the mouth of
Conejos Cafion to the head of the East Fork of the San Juan, was found floored with
lavas, old and new, with an occasional emergence of granite aud quartzite. The valley
elevation is 8,730 feet above sea.

Fragmentary rocky knolls here and there break in npon the low perfectly smooth
and grassy foot-hills, adjacent to the creek bottom, which has been transformed into
a grassy meadow, with tangled shrub growth, by-the action of the beaver in damming
the waters. Pine and spruce adorn the higher foot-hills, as also the bluffs on either
side, and the region generally. These aggregate a whole of consummate beauty,
worthy of the pencil of the most gifted landscape artist.

The plate was reproduced by crayon lithograph from a photograph by O’Sullivan.

LOST LAKES.

Plate XIV.—These lakes, of which there are three, hid in their mountain setting,
were first discovered by myself from the westward route selected, which took the
party from the head of Conejos Creek, Colorado, across a divide to the South Fork of
the Alamosa. ' ,

The plate is prepared from a photograph by the late T. H. O’Sullivan, and but
further attests his skill and endurance as a landscape photograplier in mountain work.
As the picture shows, the mountain sides are densely covered with evergreen timber
to the very water’s edge; they would lie “lost” from sight, except from a very few
bare points peculiarly situated, hence the name.

They are situated at an elevation of (approximate) 12,000 feet, in (approximate)
latitude 37° 20/, longitude 106° 40’ west of Greenwich. The forest is composed prin-
cipally of yellow pine, spruce, and fir.

The lakes belong to the drainage basin of the Conejos.

The volcanic covering of the surrounding region is trachytie.

Except in the high mountains large game is not plentiful in this region,
while, however, the streams abound in fish.

>
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Important contributions were this year made by Professor Cope and
Dr. Loew, the former in paleontology and archzology and the latter in
geology, mineralogy, and soil and water analysis.

Messrs. Yarrow, Rothrock, Henshaw, and-Aiken added largely to col-
lections heetofore made, and their reports are found in the Annuals and Vol-
umes V and VI

Of archeeological interest may be mentioned the excavation of Indian
graves at the burial-place of a ruined pueblo, found on a mesa fronting the
Chama Valley, at foot of the Jemez Mountains and about 3 miles east of
Abiquiu.

The town had been built in the shape of an L, with an open area or
court, and the usual estuffa or council chamber. The bodies were found
buried within 30 feet of the walls of the pueblo. One entire skeleton was
secured (subsequently deposited in the Army Medical Museum, Washing-
ton, D. C.), and portions of several others, with a number of skulls.

Evidences were found of the ruins of six to eight pueblos in the
Chama Valley, affording habitations sufficient for 2,000 to 3,000 souls, as
estimated by Dr. Yarrow.

Ruins are scattered indiscriminately over an area somewhat as follows:
Between 35° and 39° latitude and west of the one hundred and sixth merid-
ian, to the junction of the Main and Little Colorado, with isolated instances
to the north and also west of the same region.

Dr. Loew, in his mention of Ruins in New Mexico (see A. R. 1875,
and Volume VII), states that the first notice of these people (the Pueblos)
was by Cabeza de Vaca, a straggler from the expedition of Narvaez in
1528 to what was then called the Florida coast.

The many Spanish narratives agree in that there were found large
numbers of inhabited villages. Various writers estimate the whole Pueblo
population at 50,000, while others that of a single province at 25,000.
Acoma was estimated as high as 5,000, while the present number of 582 is
nearly all that can comfortably exist on this little mesa summit. The esti-
mate or count of all the present existing pueblos (19 in number) is 9,681
in all (see Annual Report Indian Bureau, 1886).
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The reasons advanced for this diminution are:

(1) Change of climate in the direction of further desiccation, prompt-
ing emigration.

(2) The bloody wars with the Spaniards.

(3) Amalgamation with the Spaniards.

Ruins of once inhabited villages, cave and cliff dwelhngs, are found in
the valleys of the Main and Little Colorado, Rio Grande, San Juan, and
the Animas Fork, the Chama, Chaco, Jemez, Puerco (East and West),
Zuni, Gila, Francisco, and Bonito Rivers.

Many have been visited on the Animas River, and one writer states
that in one building 517 rooms have been counted.

Stone ruins are noted at Nacimiento. Professor Cope found in the
valley of Gallinas Creek and on the Eocene. Plateau to the west of it the
ruins of many inhabited places, with pottery, flint, implements, human
bones, &ec.

These were remote from water, and no traces of cisterns were found.
Pifion trees of an estimated age of six hundred and forty years were noted
growing in the vicinity. A conjecture is made (since these ruins were all
found in positions of natural defense) that the Cibollians, put to flight dur-
ing the Spanish invasion, occupied these positions, giving an age of three
hundred and thirty years.

No traces of metal were found, and the present Indians can give no
account of the former inhabitants of these ruins. B

Independent of the annual reports and contributions to the final vol-
umes, there was published this year & special astronomical volume, to
which the late Dr. Kampf and John H. Clark contributed.

EXPEDITION OF 1875.

The operatioﬁs of the season of 1875 embraced (approximately) 39,169
square miles, topographically surveyed—California 19,545, Colorado 6,216,
and New Mexico 13,408 square miles.

The California, Colorado, and New Mexico divisions were entirely
separated, the former making their examinations principally in the basins
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of the Colorado and Sacramento Rivers; the latter in portions of the Upper
Arkansas, Rio Grande, headwaters of the Pecos, the San Juan, and Un-
compahgre.* '

The topographic results fall within Atlas Sheets 61 C, 69 B, 70 A, 70 C,
77 B, and 78 A (Colorado and New Mexico), and Sheets 65 C, 65D, 73 (A,
B, C, and D), and portions of Sheets 74, 80, and 81, in Southern California.

The Colorado section was under Lieutenant Marshall, whose report, as
well as others bearing on this part of the work, is to be found in Annual
Report, 1876, and in the quarto volumes.

Eight separate and distinct parties were in the field.

The canon of the Gunnison (Colorado), below the town of that name,
was the principal one visited, the description of which appears in Lieuten-
ant Marshall’s Report. ,

The routes of the following early explorers were crossed: Pike, 1807
(Arkansas and Rio Grande); Long, 1820; Frémont, 1844 and 1845; Em-
ory, 1847 (Arkansas Valley to Santa Fe); Simpson, 1849, to Cafion de
Chelle; Gunnison, 1853; Whipple, 1853—'54; and Macomb, 1859. (See
routes on Progress Maps in Annual Reports).

Along the east base of the mountains from Pike's Peak to the south-
ward in 1875 the sectionizing of public lands had been well advanced, the
region being, however, principally a grazing one. Since later developments
in the San Juan region and the throwing open for settlement the lands of
the Ute Reservation, sectionizing the arable and timber, and subdividing the
lands for mineral purposes, has here proceeded at a rapid rate, until it be-
comes a question of the near future (1883) when all the valuable arable and
timber acres of this particular region will be appropriated by actual settlers
and active citizens.

SAN FERNANDO VALLEY.

The San Fernando Valley is comparatively level and plain-like, lying

encircled by mountains, the Santa Monica Range on the south, the Santa

* NoTE.—The route of the officer in charge was from Caliente via Tehachipi Pass
and northwestern arm of desert to Los Angeles, thence to San Fernando, thence to
head of Tujunga Creek and return, thence to Santa Clara Valley, thence to Old Fort
Tejon via San Francisquito and Cafiada de las Uvas passes, Elizabeth Lake, &c., and
thence to McGills Peak and vicinity and return, thence to Caliente, on Southern
Pacific Railroad.
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Susanna Mountains westward toward the coast, the San Fernando Mountains
on the north, and to the east portions of ranges, the crests of which mark
the drainage-shed between the coast and the interior. 4

The soil is of a heavy, dark, calcareous loam. It produces all cereals
_except corn without irrigation, and with it judiciously applied, the yield
should be largely increased and the whole made a garden. There is but
little water in the valley, the creeks sinking within it (having an under-
ground outlet to the Los Angeles River) being the Big and Little Tujunga,
and Pacoima. :

Artesian water ought to be found at well-selected points and at moder-
ate depths along the northern side. ‘

" The arable area reaches about the sum of 150,000 acres. Two ranches
only were noted, outside of the old mission of San Fernando and the little
railroad town of same name. Gold occurs in Big Tujunga Cafion as well
as iron, the latter also-in Pacoima Cafion. ‘

Argentiferous galena is found in the San Fernando Mountains. The
only attempt at development in 1875 was upon a gold ledge near the head
‘of Big Tujunga Canon. '

The San Fernando Mission is situated on the grant of that name (em-
bracing nearly the entire valley), out of which the Encinos Ranch, covering
nearly one league square, has been sold, and the old mission buildings, with
their orchards and vineyards, by far the choice spots, have been confirmed
in trust to the Roman Catholic Church. Not more than forty or fifty of the
Mission Indians here remain, one (Don Rafael, with two wives) reported
as having reached an age exceeding one hundred and ten years.

The walls of the main buildings, including the church, are of adobe,
made by the Indians from the immediate soil, with rafters and joining-tim-
bers brought from over the mountains, not less than 25 miles away. The
extended and arched portico, fronting the center of the valley, is of large,
flat, well-burnt brick, cemented with a hydraulic lime, hard and durable.
The buildings were commenced in 1807, and the church bell bears the date
of 1809. ' |

The padres were possessed of large herds of cattle, sheep, and horses,
with droves of hogs and numbers of work oxen. Their revenue came
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principally from the sale of tallow, soap, horns, and hides to the Russian
trading-ships touching the adjacent coast. Olive-oil was also produced on
a considerable scale. Near the source of the main springs that furnish
water for the mission is a solid masonry tank, 10 feet in diameter and
from 4 to 5 feet in depth, with pipes leading therefrom, which was evi-
dently used as a“distributing reservoir for the church and other buildings,
while a much larger reservoir toward the center of the valley held the bulk
of the flow, doubtless used for irrigation purposes.

The orchard yet contains vines of the Mission grape, the native cactus,
pear, fig, pomegranate, olive, peach, orange, lime, cherry, and palm trees.

The route from San Fernando to Old Fort Tejon crosses the eastern
end of the San Fernando Range near where the Tertiary sedimentaries of the
Coast Range system overlie and join the heavy granitic rocks of this prolon-
gation of the Sierra Nevada, and by a gentle descent crosses to the dry
and sandy bed of the Santa Clara, that takes its rise near the Soledad Pass,
and which (though dry in July, 1875) in times of flood is said to be a
'1'0aring stream with swift current.

The Santa Clara Valley lies in the most direct line from the coast in this
latitude to the basin of the Colorado, and the pass (a good one) has been
utilized by the Southern Pacific Railroad. Unfortunately no safe and com-
modious harbor exists on the sea near the mouth of Santa Clara Valley, as
indeed is true for the entire coast from San Francisco to San Diego
Wharves have been built at Buenaventura and Hueneme, where both
steamers and sailing vessels can land in fine weather, but where no vessels
can lie at anchor with safety during storms. The other points at which
wharves have been built (lying within the coast limits of the area of 1875)
are Santa Barbara, Santa Monica, and Wilmington, and also a point named
Newport, to the south of the mouth of the Santa Ana. The harbor of Wil-
mington Bay or estuary has been improved by the Government Engineer
Department by a breakwater reaching from the northerly point of Rattle-
snake to Deadman’s Island, made for the first part of the distance, of 12-inch
sheeting piles with heavy stringers, against which the shifting sand from the
ocean side had already begun to bank, and for the part nearest Deadman’s
Island of a double row of sheeting piles filled with heavy rocks and with
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ripraps of heavy boulders brought from Santa Catalina Island. This con-
struction was found to be quite successful, and dredging was going on in
the channel leading. to the harbor at its entrance, for a width of 60 feet, in
addition to the natural scour. The size of the harbor at its best is small.
Santa Monica is but an open roadstead found within an indentation of the
coast. Because of the dearth of harbors, fit for all commercial purposes, to
the south of San Francisco within our borders, and because of its intrinsic
merits, San Diego must some day become a port of considerable importance,
notwithstanding the want of immediate back country.

. Both the San Fernando and Santa Clara valleys were found to be rich
in petroleum indications, while the well examined by me near the summit of
San Fernando Ridge, having passed into granitoid rock below the sandstone
beds, had no chance of finding oil, still doubtless good results will be reached
by deep boring in the Santa Clara and San Fernando valleys (preferably the
former), or among the lowest of the foot-hills.

The petroleum appears to be a product of sandstone impregnated with
asphaltum, while in certain localiiies masses of asphaltum conglomerate are
found in contact with beds of clay from which the springs bubble up.
They, however, are apt to turn out superficial reservoirs, and deep boring-
alone in the valley depressions will fully test the country.

The route from Santa Clara Valley passes up San Francisquito Cafion
to its head, thence entering a small, encircled basin, at the northwestern end
of which Lake Elizabeth, the reservoir for the surface drainage of the little
basin, is situated.. The pass has been named “Turners,” the ““ Soledad”
(3,332 feet) lying at the eastern outlet of the valley.

It is alleged that discoveries of gold (in quantity) upon this coast, and
prior to American acquisition, were made in this cafion and others along the
northern side of the Santa Clara Valley. The contact between the coast-
range tertiaries and the crystalline rocks of the Sierras is noted at a station
about midway of the cafion.

Swarms of wild honey-bees have been observed in this region, and
their capture had become a regular business of certain enterprising ranch-
men.
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The plains, valleys, and low foot-hills had become parched at the date
of visit (July 25), the season being rated a dry one among those that year
by year were apparently becoming more arid.

At the altitude of Lake Elizabeth the conifer region begins, and dense
chaparral, shrub-oak, and heavy sage cover lower levels to the edge of the
valley. .

It is claimed by the settlers that the banks of Lake Elizabeth have
been settling along the eastern, if not rising.along the western, side.

The sheep have made savage work with the rounded hills facing the
lake by treading out the natural grasges (principally the annual “filaree”)
" from the robts, which, if not properly cared for, must become in a few years
desert knolls: Passing a low divide one comes face to face with the north-
western arm of the Mohave Desert. At time of visit there was blowing a
strong, hot wind from the northwest, thus saving one from the terrible heat
of a calm day. '

These breezes, that follow the passes between the Sierra Nevada and
the coast ranges as avenues, are marked features of these inland regions.
The usual changes of temperature disturb the equilibrium of Tulare and
Colorado valleys sufficiently to cause a local flow in either direction for the
greater part of each twenty-four hours, thus producing a marked, almost
constant, flux and reflux of shifting currents. The steady encroachment of
the desert sand carried by these oft-recurrent winds in the direction of the
Canada de las Uvas Pass is noticeable (especially at Lievre Ranch, once
one of the most promising, now half engulfed and buried in sand), and much
grazing ground has been swallowed up thereby and springs choked. The
route hence to Fort Tejon, a station from whence the exploration of the
Southern Sierras began, lay through the above pass, following a winding,
romantic road to the site of the old fort, ensconced in a gladelike open-
ing, with groves in the foreground.

SUMMIT OF MOUNT PINOS.

The best view toward the coast ranges (the ocean itself being visible)
was had from a point 2 miles west of summit of Mount Pinos (a mountain
to the westward of old Fort Tejon).
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A fine outlook was had upon the valley of the Cuyama River, through
which passes the trail from San Emidio to Santa Barbara (distance, approx-
imate, 50 miles), and which trail would also be reached through the pass
west of Cuddy’s Ranch and Lockwood’s Valley.

There is a sharply defined range lying west of the Cuyama, v181ble from
the above station, called McGill’s Peak, after the owner of a saw-mill, below
the steepest declivity of the slope, where Government lands, as in many
another instance noted in various parts of the West, were being despoﬂed by
a non-owner, and naturally in a wasteful manner.

The local markets for timber were Tejon Ranch and the vicinities of
Bakersfield and Caliente, on the Southern Pacific Railroad.

The drainage to the southwest, south, and southeast following old, eroded
channels without water, is marked only by little sprihgs; The verge of the
desert is reached at the divide to the south of old Fort Tejon. A

The secular, desiccating winds driving over this region, with bnt little
cessation, are having their effect in swallowing up fresh fields with the ever-
drifting sand dune, and Southeastern California, in my Judgment is becom-
ing more and more of a desert.

The ocean currents, more heavily laden with moisture, only impinge
upon the coast-to the north of this latitude, while to the south they are in-
tercepted by the pronounced and persistent coast range, which claims the
greater share of moisture as a deposit.

Mines are worked for antimony and silver in the Salt Creek Cafion
(reaching to the desert) just east of San Emidio. '

Mineral-bearing strata have also been noted, crossing the canon leading
from Cuddy’s Ranch (5,100 feet elevation).

The Frazer mine (gold) lies in the mountain of that name (immediately
south of Cuddy’s Ranch), on the eastern side of which copper ore (bromides
and sulphides) have been discovered but not worked.

‘At the above elevation rye can be grown, but corn, wheat, and vegeta-
bles do not mature (so says Mr. Cuddy, an old soldier, formerly of the First
Dragoons).

Buena Vista Lake, the reservoir of Kern River, that had also been em-
braced in the general system of irrigation planned for the southern half of
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the Great Tulare or San Joaquin Valley, lies in view, to the northward of
the route from Old Fort Tejon to Caliente, Cal.

The only Indians along the routes in Colorado were the Uncompaghre
branch of the Utes, hitherto mentioned, while in California a few of the
Coast Range Indians (Diegefios), at one time reservationed near Old Fort
Tejon, were encountered. With the exception of the characteristic Indian
features, they might 'easily be mistaken for Mexicans. They gain their live-
lihood by working for the ranchmen. The Colorado River Reservation was
visited by Lieutenant Bergland’s party, where vocabularies (Mohave and
Chemehuevis) were obtained by Dr. Loew, who also contributed data con-
cerning the Pah-Utes of Mono and Inyo Counties, in California, the Kau-
vayas and Takhtams of San Bernardino, and of the other mission Indians of
Santa Barbara, San Gabriel; San Juan Capistrano, and San Diego.

Such general observations as are made refer to the California section,
a region since well known and traversed by railroads, the Southern Pacific
and the Atlantic and Pacific, and brought within the domain of civilization.
The most interesting is the southern section of the Sierra Nevada, with its
passes and valleys, its enormous mountain masses and the high peaks,
whose escarpments form the horizon of the Owen’s River Valley and Owen’s
Lake, (3,567 above sea-level). They are a wonder to the beholder, bold
beyond description and exhibiting a variety of stupendous rock carving,
inspiring with awe and of which the eye can never tire.

All of the available ground of the Lower Sierra Nevada has been util-
ized for grazing stock, especially sheep from farther to the south in the
vicinity of Los Angeles.

The timber still awaits a market except in small quantities. Ranching
succeeds well in the inclosed valleys among the foot-hills, where water is
sufficiently abundant.

The southern and eastern part of the Great Tulare Valley possesses a
rich alluvial soil, alone wanting water to become highly productive. A
proposition for irrigation on an extended scale was made by an officer of
the Royal British Engineers (Colonel Brereton), who had had experience in
India, but was never carried out for want of funds. Incidentally it was
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learned that he placed the annual evaporation from Tulare Lake (approx-
imately 100 square miles in area) at 6 feet.

A report by Government commissioners upon irrigation of the great
valleys of California (see Ex. Doc. No. 290, Forty-third Congress, first ses-
sion) affords information on this subject. The State of California has insti-
tuted special surveys looking to the critical condition of the supply of water
and its useful distribution, results of which, however, have never been ex-
amined by me. After leaving the Sierras to the south and westward, a
great decrease has of late years been noticed in the volume of springs and
especially the smaller creeks.

'FISHERMAN'S PEAK OR MOUNT WHITNEY, SIERRA NEVADA.

Plate XV.—The subject of this sketch (taken by Mr. William A. Cowles, Septem-
ber 22, 1875, from the summit of the peak, lying about 4.79 miles south, 370 22/ 30/
east of the true meridian, and named as Mount Whitney by Clarence King in 1871) is
the highest peak of the Sierra Nevada, and was ascended by parties of the expedition
ou September 24,1875 (William A. Cowles, Frank Holland, and two others), and
October 13, 1875 (Lieutenant Birnie, Louis Nell, and F. Brockdorf).

The latitude and longitude as established by observations and computations of
this office (latitude 36° 34’ 32/ 9 north, longitude 118° 17/ 30/ 00 west) is the first
known determination of its geographical co-ordinates. The azimuths and distances
from Old Camp Independence and Lone Pine will be found in the special volume of
positions, &c. The adopted mean of barometric observations and computations of this
office give an altitude of 14,471 and that by -angles of elevation from Old Camp Inde-
- pendence and Lone Pine and corresponding angles of depression from the peak is
14,470 feet, »

Either of the altitudes place it as the highest point measured by careful baro-
metric observations within the territory of the United States (except Alaska); the
others next in order of height, according to present known measurements, are: (1)
Mount Rainier or Tacoma Peak, Oregon, 14,444 feet; (2) Mount Shasta, California,
14,442 feet (Whitney); (3) Uncompaghre Peak, Colorado, 14,408 feet. Mount Saint
Elias, in Alaska (the geographical co-ordinates of which are so far only approximately
determined), yet to be measured barometrically or by angles of elevation referred to a
well determined land base, has been given altitudes as follows:

1786. La Perouss ...ouc.ouccirecconccccesencctoacansanns 12,672

1791, MaleSping ecver cooeaeimcaceiccacraccnasncassnnannn 17,851
1848. Russian Hydrographic Chart 1378.......co.c..c.... 17,854
1849. Tebenkoff, Chart VIT .. ... .. ... ccoeiiiiiananaannn 16,938
1872. English Admiralty Chart 2172. ... .. cceeeeaanol. 14,970
1874." U. 8. Coast SUrvey .. cecnvevemeiiiariiaaanicananns 19, 500 L 400

Vancouver gives no elevation (see Appendix No. 10, U. 8. Coast Survey Report,
1875, page 159).
7 WH—VOL I
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WHITNEY PEAK, HIGHEST OF THE SIERRA NEVADA, NEAR HEAD OF KERN RIVER, CALA.

( CALLED ALSO FISHERMANS PEAK.)

1875.
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The records of this office show the mean of three readings of the barometer, taken
at 4, 4.30 and 5 p. m., September 24, 1875; corrected for error and reduced to 320, is
17,796 inches, the dry bulb thermometer being 35.3 and the wet 29°.

Similar observations at the same hour on the afternoon of October 13, 1875, were:
Barometer reduced 17,840 inches, dry bulb 36.7, wet 33.2. The observations were re-
ferred to the daily means at Camp Independence, and those of Septemper 24 also to
simultaneous observations at a camp near the peak, giving as a mean result 14,471
feet. Angles of elevation and depression place the summit of the peak 10,513 feet above
Camp Independence flagstaff; 10,693 above our camp at Lone Pine, and 10,806 above
our camp on Owen’s River, near Eclipse Mill; careful barometric determinations of
those points being, respectively, 3,956, 3,776, and 3,666 (the last two points being re-
ferred to Camp Independence), giving as a mean result for the altitude of the peak
14,470 feet, which is the final result adopted by this Survey. This result depends
upon the altitude of Old Camp Independence, which is considered to be a well de-
termined barometric station, the adopted mean being the result of a long series of
observations taken in July and August, 1871, and October and November, 1875. Re-
cent railroad levels furnished this office by the superintendent of the Carson and
Colorado River Railroad place Independence Railrond depot 3,796 feet above sea, and
Lone Pine depot at 3,720, remarking that these points are on: the railroad, which runs
through the lowest part of the valley some 3 to 4 miles eastward of Camp Inde-
peudence and Lone Pine, which should therefore be higher, which statement is con-
firmed by the altitudes already adopted by this office.

These levels are dependent upon the assumed altitude of 4,985 feet for Mound
House, on the Virginia and Truckee Railroad, the initial point of the Carson and
Colorado Railroad, which is the altitude adopted for that point by this office.

This point should be checked by level reference to Reno, Nev., the Central Pacific
Railroad level giving 4,495.79 feet for altitude of the junction of Virginia and Truckee
Railroad, 200 feet east of the railroad hotel, before the results depending thereon can
be taken as final.

The peak itself is a rude mass of granite, the culminating point, as shown in
the sketeh, being helmet-shaped. The southeastern re-entrant is an ampitheater
carved by glacial action, the perennial ice-fields that have long since been dissipated in
the secular desiccation of the region until the permanent snow and ice beds are but little
patches in the protected hollows of northern ravines and fissures contiguous to the
summit. The crest of the Sierra Nevada in thisregion is made up of bold granite
masses, with almost a vertical front and bare denuded walls above the timber-line,
which has reached, according to slope, altitudes between 11,200 and 12,000 feet
above sea.

The peak proper springs from the mother mass and is, according to Clarence
King’s description, ¢“like the prow of a sharp ocean steamer.”

The cafions radiating from the peak as a center fall almost precipitiously from
2,000 to 5,000 feet between thin, sharp ridges, pinnacle-topped, forming crater-like
amphitheaters with glacial polished slopes, the summits of which look down upon
alpine lakes of deep sapphire, emerald green, and gorgeous opal tints, surrounded
with snow-fields.




EXPEDITION OF 1875. 99

These naked granite walls. are without vegetation, a few gnarled and twisted
pines (sp. Pinus contorta and sp. Pinus albicaulis) clinging to the rocks in the deeper
cafions. Several pinnacles are encountered between this peak and that first ascended
and named by Clarence King, i 1871 (or what might be termed Mount Whitney No. 1,
elevation 14,094 feet). This peak has since been called Mount Corcoran by the artist,
Mr. Albert Bierstadt. .

The watershed of the immediate peak gives rise to the following streams: Three
minor heads of the southern or main affiuent of Lone Pine Creek to the east; the lake
amphitheater, source of an eastern tributary of the north or main fork of Kern River
on the west, and one of the minor tributaries, if not the main head, of this latter stream
to the northwest. '

These water-ways, always fed from the everlasting snows, are soon augmented
into considerable streams in season of flood by the violent, frequent, and copious pre-
" cipitation at this altitude and from the melting of the winter’s snows. .

The peak was ascended by Cowles and party from the southwest, who states that
the easiest ascent is from the east and the next best from the northwest. The party
under Lieutenant Birnie approached the peak also from the southwest.

The ¢ Hockett” trail from Visalia to Lone Pine passes south of Mount Whitney
~ No. 1 (now Corcoran Peak), crossing the divide of the Sierra Nevada at the head of
Cottonwood Creek can best be used in making the ascent from the basinr of Upper
Kern River. _ .

From the summit Owen’s River Valley, seen to the eastward, appears stretching
to the foot-hills of the White Mountain Range (80 miles distant), the most prominent
peaks of which (White Mountain, 14,245 feet, and McBride’s 13,415 feet), are easily
distinguishable.

The Inyo Range, with Waucoba Peak (11,137 feet) at the north, Inyo Peak,
Mount Hahn, and New York Butte (10,971, 11,030, and 10,545 feet, respectively) in
the center, and Cerro Gordo Peak at the southern end, hides partly from view the
more easterly but more prominent range, the Telescope, which forms the western wall
of Death Valley, the main peak, however (10,938 feet), being visible, while through
the persistent blue haze of this desolate region is revealed but dimly Grapevine and
Waguyhe Peaks, lying north and eastward. At the southern end of the Inyo Range,
Owen’s Lake, at an elevation of 3,567 feet, lies embosomed as a tiny mirror, joined
with uncertain reflections to the Coso Mountains.

To the southward Mount Corcoran (14,038 feet), Sheep Mountain (12,921 feet),
Olaneha (11,251 feet), and Owen’s Peak (8,626 feet) form the sentinel towers of the
remaining portion of the Sierra in this direction, their glacially eroded northern
fissures holding plainly visible permanent snow-beds. '

The horizon to the northwest and north, embracing Kaweah Peak (over 14,000
feet), Mount Silliman (11,263 feet), Brewer (13,836 feet), Tyndall (14,260 feet approxi-
mately), and Williamson (14,360 feet), completes the immediate mountain panorama,
which must be seen to be appreciated.

Valleys to the eastward and the outlying minor foothills of which, if not the
actual bed of depression, that can be seen, are the Coso, Panamint, and Death Valleys.
* The desert toward the Colorado stretches out desolate and bare until lost in the horizon
of Pilot Knob., To the north and south mountain forms mark the horizon, while to the
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northwest and west the Graniticrib, extending from Mount Tyndall to Kaweah Peak and
its extension southward, hides even the Coast Range and Tulare Valley from view.

Dr. Rothrock,.the botanist of the expedition, reports upon the lower flanks of this
mountain giant the presence of Pinus contorta, with Pinus ponderosa on the gentler
slopes, Pinus albicaulis and Pinus Breweri at or near timber line. Spruces also were
noted, and cedars 1 foot in diameter and 40 feet high at the elevation of 10,500 feet.

Sheep graze almost to the summit of Mount Whitney No. 1 (Corcoran Peak) and
Sheep Mountain, its southern neighbor.

NoTte.—As bearing upon the name to be permanently applied to this prominent mountain landmark
" the records found upon the summit by parties of this Survey are herewith given:

(1) ““dugust 18th, 1873.—John Lucas, C. D. Begole, and A. H. Johnson, the first men on this peak,
¢ Fisherman’s Peak,’ found to be the highest in the range, by placing spirit level on Whitney, estimated
to be about 500 feet.”

(2) ¢ September 6th, 1873.—Carl Rabe, William Crapo, T. McDonough, and William L. Hunter.”

(3) ¢¢ September 19th, 1873.—This peak, Mount Whitney, was this day climbed by Clarence King,
U. 8. Geologist, and Frank Knowles, of Tule River. On September 1st, in New York, I first learned
that Mount Whitney of 1871 «was not the highest peak. Storms and clouds prevented me from recog-
nizing [it] in 1871, or I should have come here then. All honor to those who came here before me.—
Crarexce Kixg.”

(4) “J. T. Belshaw, William Crapo, W. R. Johnson, Cerro Gordo, Cal. July 7th, 1875.”

(5) ““John Muir, Yosemite; George B. Bayley, San Francisco; C. E. Washbarn, San José. July
22nd, 1875.”

(6) ¢ Fishermaw’s Peak, October 3rd, 1875.—J. M. Hutchings, of Yosemite, on a photographic tour of
the high Sierras, in company with Prof. W. E. James, photographer, climbed Fisherman’s Peak and
took a series of photographic views. Other persons: Dr. A. Kellogg, M. D., San Francisco; J. M.
Hutchings, Prof. W. E. James, photographer, New Yorlk; Dr. C. B. White, U. 8. A., Camp Independ-
ence; A. H. Johnson, guide, Lone Pine; Edward Bedford, Yosemite ; George P. Stanley, Brooklyn, N.
Y.; and James Fleming and John F. Cannell, U. 8. A, Camp Independence. Aneroid barometer
(Hutchings), 15,018 feet. Thermometer 41° (1 p. m.) Water boiled at 187° F.,” &c.

The following circumstances of observation of this peak have come to my attention:

(1) A party of the geological survey of California, under Professor Brewer, of Yale College, and of
which Clarence King was a member, apparently first saw this peak in 1864, and applied to it the name
of Mount Whitney from the summit of Mount Brewer.

(2) Messrs. King and Cotter again apparently saw it in 1864 from the summit of Tyndall.

(3) Clarence King afterwards (1864) attempted unsuccessfully its ascent from the direction of Visalia.

(4) King, in 1871, ascended the Sierra from Lone Pine, naming what is here termed Mount Whit-
ney No. 1, lying southeasterly, and snbsequently claiming, in September, 1873, that he had ascended
and fixed the name to the wrong peak in 1871,

(5) Mr. W, A. Goodyear, with Mr. Belshaw, of Cerro Gordo, were the first to discover and make
known the supposed error in 1873. .

(6) On August 18, 1873, passing the Mount Whitney No. 1, where Mr. King’s recorded ascent and
name were found, Messrs. Lucas, Begole, and Johnson proceeded to the higher peak, and justly sup-
posing that it was unnamed, christened it Fisherman’s Peak. (See copy of their record). The fact of
the ascent was published in an August number of the Inyo Independent.

(7) On September 6, 1873, Carl Rabe and party ascended the main peak and measured it baromet-
rically. )

(8) On September 19, 1873, Clarence King ascended this summit from the Visalia side and made the
record, a copy of which is above given.

(9) The parties that subsequently have made the ascent are, Crapo and party, July 4, 1875; Muir
and party, July 22, 1875 ; One Hundredth Meridian Survey party, September 24, 1875; Hutchings and
party, October 3, 1875; One Hundredth Meridian Survey party, October 13, 1875 ; Professor Laungley,
consulting specialist of the Signal Service, and party in 1831. The barometric altitude provisionally
adopted by Professor Langley for the summit is 14,522 feet, only 50 feet higher than than the result of
this office.
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A military reservation of a certain number of legal subdivisions surrounding this
peak has been declared by authority of the President in General Orders No. 67, of the
War Department, September 26, 1883. It is understood that this reservation is for
the purpose of securing the location for a prospective Signal Service station.

In the preparation of the material bearing on Plate XV, I have been greatly
assisted by Lieutenants Birnie and Macomb, Mr. Francis Klett, chief of party, Dr.
Rothrock, and Messrs. Louis Nell and William A. Cowles.

The most remarkable precious mineral developments of the Colorado
area were in the San Juan, where this industry has become fixed and per-
manent, with a regular annual output, while in the flanking ri&ges of the
Southern Sierra Nevada and in the Coast Ranges from Santa Baxrbara south-
ward, gold, silver, copper, lead, antimony, and tin have been found, a little
superficial work done with, however, but little careful and intelligent pros-
pecting and less serious development. The Colorado exploration led to the
discovery of an entirely new and hitherto unknown pass by Lieutenant Mar-
shall (now called by his name), leading from the Arkansas to the valley
of the Gunnison, now traversed by a branch of the Denver and Rio Grande -
Railroad. The different approaches to the San Juan from the north and
east were all made clear. In California the profiles through the Canada de
las Uvas, Tejon, and Walker Passes and their approaches were carefully
laid down: The Southern Pacific had already decided upon its line, leaving
the Tulare plains at Bakersfield and reaching the Colorado Drainage or
Mohave Desert by the Tehachapi Pass, thence southward penetrating the
Santa Clara Valley by Soledad Pass. The intricate drainage of the South-
ern Sierras, flowing to the Interior Basin, Mohave Desert, and T'ulare Valley,
was for the first time accurately mapped.

The agricultural and grazing facilities of these areas are each year
being more fully utilized, while the section in question is made more acces-
sible than ever to the east by means of the Atlantic and Pacific Railroad
lately (1883) joining a branch of the Southern Pacific Railroad from Mohave
Station, near the mouth of Tehachapi Pass, at the Needles on the Colorado
River. , .

Without doubt the northwestern arm of the Great Mohave desert is
encroaching upon the passes leading from it to the Tulare Valley, by ever-
increasing beds of drifting sand, the loci of which not long since have been:
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farther south and eastward. The secular desiccation common to the whole
interior basin and to the desert regions of eastern or southeastern California
plays its part in the sequence of desolation, already largely accomplished,
and which has done the greater share of its work. The encroachment should
be resisted by a careful husbanding of present sources of supply, by cleans-
ing and fencing springs, turning creeks of any considerable size upon the
cultivated acres for irrigation, and.thus holding within the sub-basins all that
is possible of the original moisture there precipitated.

Professor Marcou adds to the published record the result of his exam-
inations in the Southern Sierra Nevada and adjacent coast ranges, a part of
the ground having been visited by him 22 years before as a member of the
Pacific Railroad exploring expedition under Lieutenant Whipple, éorps of
Topographical Engineers (see A. R., 1876). :

The results of the botanical investigations will be found discussed in

the Annual Report for 1876, and Vol. VL

‘ The archzeological researches of 1875 were by far the most important
among those accomplished during asingle season, because of the fruitful
and excellent results from special excavations near Santa Barbara, Cal.,
which were well presented by Dr. Yarrow in his preliminary report (see
Annual Report, 1876), and also in Vol. VII, which report is based largely
upon these collections. Dr. Rothrock and Mr. Henshaw with their usual
zeal materially assisted in these findings.

In addition to the usual ornithological and botanical collections for the
year, the special collection consisted of 200 Indian crania (1874 and 1875),
55 lots of modern articles, and 57 boxes of stone and other implements
from graves in Southern California.

The types of this latter collection were studied by Professor Putnam at
Cambridge, and the results embodied in Volume VII, and these, as well
as those temporarily retained at the Washington office, have been finally
deposited in the National Museum.

During this year Volumes III and V,the first of the issue of quarto
publications, passed the press, the usual report was submitted, and an
advance edition of atlas sheets printed. Printed meteorological instructions
were issued (See List of Publications, second edition, 1881).
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EXPEDITION OF 1876.°

The area embraced aggregates 21,044 square miles (California 9,550,
Nevada 6,700, Colorado 750, and New Mexico 4,044), and lies in the basins
of the Arkansas, Pecos and Rio Grande for the Colorado portion, and in
the valleys of tributaries to the Upper Sacramento and Humboldt, Car-
son and Walker rivers, of the Great Interior Basin.*

The routes of early Government explorers falling within the areas of this
year are Pike 1807 (Arkansas Valley), Frémont in his routes 1844’45, Lieu-
tenant Peck 1847, and Lieutenant Abert and Peck (southeast of Albuquer-
que) 1846-'47, Frémont 1845 (near Walker Lake), Colonel Bonneville 1833
(Humboldt Lakes), Colonel Steptoe 1855, and Captain Simpson 1858-'59.

The Nevada portion of the area joins the southern line of the belt ex-
plored geologically by Clarence King either side of the Central Pacific
Railroad in vicinity of 40th parallel (see Atlas of Geological Explorations
40th parallel).

The public land surveys had entered but a small portion of the area of
this season, but wherever their stakes were found a connection was made
and the record entered in the office plotting sheets, that thus becomes a per-
manent although unpublished record of the Government.

LAKE TAHOE REGION.

One of the crowning bheauties of the Northern Sierra Nevada (the whole
range being justly celebrated for its massive grandeur) is the Lake Tahoe
region, the lake itself having been aptly termed ‘“ the gem of the Sierras.”
It is the reservoir of the waters of the upper Truckee River, and several
minor streams, having a single outlet, the main Truckee.

The water is of the deepest colored and most perfect blue, scmtlllant
from its own purity, changing to aqua marine, as seen from its banks, with
a depth in the center reaching at one measured point over 1,600 feet.t

*NoTe.—The route of the officer in charge, after leaving the rendezvous at Fort Lyon, Colo., and
proceeding to that at Carson, Nev., was to Virginia City, Sutro and return via Dayton, Nev., thence to
the vicinity of Lake Tahoe and neighboring mountains and return to rendezvous at Carson, visiting
the stations at Ogden, Utah, both in the inward and outward routes,

tNoTe.—Systematic soundings should be made in order to establish its greatest and other depths,
as well as its physical conditions and the fauna which it contains.
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One of the most beautiful points on its shore is on the Nevada side, at
Glenbrook, immediately opposite Tahoe on the Truckee, a location more
readily accessible from the Central Pacific Railroad. The most lovely spot
_is at the southern end, near Tallac Point, from which the peak of that
name is reached by a wide trail at a distance of approximately 104 miles.

This peak, rising high above the surrounding foothills (9,715 feet), com-
mands a landscape at once unique and comprehensive and equalled by few
' of the many wonderful mountain views of our western region.

At its foot lies Fallen Leaf Lake (lovely within itself) having an outlet
into Tahoe. A perfect view of all the main body of Tahoe is spread before
one, the horizon on every hand is mountain-crowned, the massive Sierra
Nevada peaks—Freels, Monument, Job’s, and Job’s Sister (all over 10,000
feet)—lying to the south and east, with others still higher in the dis-
tant horizon. The most remarkable feature of all is in the number of lakes
(large and small) to be seen within the horizon’s circumference. In addition
to those named (Tahoe and Fallen Leaf), there may be seen Washoe, Maxr-
tell, Echo, Cascade, Gillmore, and Grass lakes, sixteen small ponds or lake-
lets in the Devil’s Basin (nearly all visible from the peak), and eight others
~ (all small) without names.

These little mountain lakes (belonging to the Truckee and American
River basins) are mostly fringed by forests of evergreens, pine, fir, and hem-
lock. Sadly enough, on the eastern shores of Tahoe, and part of the south-
ern, the flanks are being stripped for timber, to be swallowed in the Comstock
mines. There seems to be no method of arresting this spoliation. It would
have been well years ago had the General Government reserved the slopes
leading to this lake as a permanent pleasure ground, to be regulated for the

benefit of all the people, as well as a specially beautiful spot for rest and

recreation for travelers from all lands. _

The boundary between California and Nevada traverses it longitudi-
nally, two counties (Placer and El Dorado) abutting on the California side,
and three in Nevada (Washoe, Ormsby, and Douglas). As Lake Luzerne
of Switzerland is sometimes known as the *Lake of the Four Cantons,”
so might lovely Tahoe be called the ‘Lake of the Five Counties.”
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INDIANS.

The only tribe encountered not hitherto visited was at Fort Yuma,
where a vocabulary of the Yumas was gathered by Lieutenant Bergland.

These Indians, now decimated in numbers, are well known through the
reports of the Mexican boundary and Pacific Railroad surveys and through
Lieutenant Ives’ report of the Expedition of the Colorado.

No new fields especially worthy the attention of settlers fell within this
year’s area. The part of the Great Interior basin visited belongs outside of
Carson Valley, Walker and Reese River valleys (all three pretty well
taken up) to the desert land, as Well as portions in New Mexico on either
side of the Rio Grande, the most promising of the lands on the bed of this
stream being already in the hands of settlers.

The only mines of any great importance visited were those of the Com- -
stock lode, remarkable for the richness and extent of its bonanzas, and as
having contributed more than $300 000,000 to the world’s stock of the pre-
cious metals.

The parties operating in four separate political divisions (California,
Nevada, Colorado, and New Mexico), the peculiarities of the sections entered
were necessarily great and varied. '

For detailed descriptions, the annual reports and chapters on description
of maps and land classification should be consulted. The Nevada portions
of the Great Interior basin were particularly sterile, a region devoid of tim-
ber, scanty in grazing, wanting in water, but little available for agricultural
purposes, and with scarcely any timber except near the mountain summits.

The marked exceptions to the above are the valleys of the Carson and
Walker rivers.

The California region near hedad of tributaries to upper Sacramento
contains a much larger percentage of arable and grazing lands.

Land classification sheets 47 B and 47 D (published together), embra.-
cing also a portion of the Carson Valley, contain the following approximate
percentages: Arable, 6.6; timber, 27.6; grazing, 19.7; 36.1 for arid or
barren, and 10.0 for lakes, ponds, and marshes.
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Ranches were found dotted here and there in most of the mountain
valleys, as also for Colorado and New Mexico, the classification of which
is shown upon sheets (in colors) embracing the surveyed areas-of 1876.

Along the route followed by parties from Fort Lyon, Colo., to Las
Végas, N. Mex., the Atchison, Topeka and Santa Fe Railroad has since been
constructed, while much of the territory at head of Arkansas is pierced
by the tracks of Denver and Rio Grande Railroad, and Denver and South
Park Railroad. In this region the railroads have taken the place of all the
main wagon routes and are but forerunners of others that are finally to
make the whole western mountain regions accessible to the more thickly
settled parts of the nation and the world at large.

The survey of the tributaries of the Upper Sacramento and of the
region to the west of Pyramid Lake pointsin the direction of more accessi-
ble communication from the Humboldt to the Sacramento, indicating that
the route selected by Lieutenant Beckwith in 1854 (see Pacific Railroad
Surveys, Vol. IT), or one south of Pyramid Lake would be the more avail-
able with lesser grades, although possibly alittle longer line. Doubtless at
some future day this route or a slight modification thereof will be made an
integral part of the Central Pacific Railroad, thus avoiding, besides difficult
grades, the expense of snow-sheds and dangerous delays by snow blockades.

The following mineral and thermal springs were observed, viz: Soda
. Spring, near upper end of Fallen Leaf Lake, temperature 464° F', the water
of which contains carbonic acid, sesquioxide of iron, and sulphureted
hydrogen (Conkling); the Hot Springs, at foot of Lake Tahoe; Sulphur
Springs, on Belleville and Wadsworth freight road; Warm Springs, at the
State prison near Carson; the Steamboat Hot Springs, between Reno and
Carson, and the Grenoa Hot Springs in Carson Valley (see Annual Reports).

The principal lakes outside of the Tahoe Group in the California region
were Carson and Walker (the reservoirs of these rivers respectively), Pyra-
mid, Honey, and Horse lakes, Donner and Independence lakes, and others
(small) near the heads of the Yuba.

The headwaters of the branches of Feather, Yuba, and American rivers
were for the first time accurately located and traced out, a most intricate
drainage, and a portion of the western rim of the great interior basin north
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of latitude 39° was accurately located and much detailed topographic work
accomplished at the sources of the Arkansas and South Platte, while in
New Mexico much new data was gathered near the headwaters of the Pecos
and Mora rivers. ,

Within the Great Interior Basin bench marks of the Lake of the Glacial
period, discovered by King and named * La Hontan” were observed, mak-
ing the second of a system of ancient lakes upon which detailed observa-
tions have been made for the careful determination of their physical charac-
teristics.

Others are yet to be explored and investigated within the extended
Great Basin area. ‘

DIVERSION OF THE COLORADO RIVER.

The examination of this question from the foot of the Grand Canon to
the Mexican border was intrusted to a party under Lieutenant Bergland,
whose report appears in the Annual Report of 1876.

The river trip of 1871 and the subsequent land explorations extending
upwards along the cafon banks of the river as far as ¢ El Vado de los
Padres” and other reliable. information, decided beyond all peradventure
that no diversion could be made between the junction of the Grand and
" Green and the foot of the lower Main or Grand Cafion. Lieutenant Berg-
land concluded also that no diversion was practicable on account of encir-
cling cafion walls from this point to the head of the Colorado Valley, near
the Needles—a result consonant with the experience of the river examina-
tion of 1871. Interesting measurements and experiments upon velocity,
flow, evaporation, high and low water were made at Stone’s Ferry, Camp
Mohave, and Fort Yuma.

The fall of the river at Stone’s Ferry was found to be 2’.13 per mile;
its section=>5,723 square feet, width—480 feet, hydraulic radius or mean
depth=11".89, velocity =3’.217 per second ; volume of discharge—18,410.38
cubic feet per second. The observations were made between August 9 and
12, 1875. At a modulus of 1 cubic foot per second for 200 acres, the above
volume is sufficient for the irrigation of 8,682,000 acres. The surface of the
water at this station (August 10, 1875) was found to be 1,097".5 above sea,
while that of the high water of 1871 reached 1,114".5 or an excess of 17 feet.
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At Camp Mohave the elevation of the surface (September 2, 1875) was
found to be 704".9 above sea, the fall per mile =1".2, the area of river section —
4,628 square feet, its width—1,116 feet, mean depth—=4'.144 with a velocity
of 2°.50864 per second and volume of discharge =11,623.43 cubic feet
per second (observations from August 28 to September 2, 1875).

At above assumed modulus this volume would irrigate 2,324,600 acres.
- Theriver fell 5'.11 at Mohave from July 9 to September 5, 1875. The high

_ water of 1874 was 8 feet higher than level of September 2, 1875. At Fort
Yuma (below junction of the Gila) the elevation of water (March 20, 1876)
was found to be 120°.0 above sea, the area of cross-section 2,726.5 square
feet, width 461 feet, fall 1'.21 per mile, mean depth 5'.848, velocity =2'.809
per second, volume of discharge (March 15 to 20, 1876)=7,658.74 cubic feet
per second, or sufficient for the irrigation of 1,513,600 acres. The high-
water mark of 1862 was 10°.19 above that of March 20, 1876.

At Stone’s Ferry daily evaporations of 0”.18 and 0”.23 were observed.

At Mohave, August 30 and 31,7 p. m. to 7 a. m., the evaporation was
0”.11, and from 7 a. m. to 7 p. m., on August 30,0".69, or total for twenty-four
hours of 0”.8. : A

Lieutenant Bergland deduces an approximate annual evaporation of
95.77 inches, which would correspond to a reservoir lake sufficient to retain
the flow at Mohave in September, 1875, of 556 square miles.

At Fort Yuma, in August and September, 1868, Dr. Lauderdale, sur-
geon, U. S. Army, measured daily evaporations of 0.408 and 0”.409, and
Lieutenant Bergland, from March 19 to April 1, 1876, daily evaporations
from 0".3 to 1”.02, or an average of 0.5, corresponding to a reservoir lake of
570 square miles. Lieutenant Bergland found the soil in the vicinity of the
Colorado Indian Reservation too porous, the canals easily undermined,
fluming being in many cases necessary, and is of the opinion that levees
would be necessary to prevent overflows and destruction of canals and
ditches in case any system of irrigation is undertaken on a large scale.

It is safe to estimate that at high-water stages at Camp Mohave there
is sufficient water to irrigate 5,000,000 acres, were the same required. The
conclusion arrived at by Lieutenant Bergland is to the effect that the river
could be diverted north of Fort Yuma by a cutting of 160 feet, and also the
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sand ridge west of Pilot Knob, and with a canal about 30 miles in length
.to reach the depressed area, and states that there are better points
within Mexican territory. No present or prospective want will demand the
former undertaking at any point below the boundary, while, were such a
result necessary, doubtless the channel of New River might be utilized.

A lake surface sufficiently large to act as an evaporating reservoir for
the maximum influx of waters below the Gila would not exceed 1,000 square
miles in extent, hence the ‘effect of turning the channel into the depressed
basin (especially at a minimum stage) would be to establish an inclosed
reservoir without ocean outlet, while a flood stage would lead to an over-
flow and cutting of a new and natural channel to the Gulf (lined by lagoons),
which would in time become a partial tidal channel at high waters. Inany
event no climatic change worthy of the name, from the introduction of
such a sized lake in this large desert area, would result, since the increase
of relative humidity that would be experienced Withi.n-the perimeter of a
thousand yards would quickly be dissipated and swallowed up by the eager
and absorptive dry winds of the desert and reprecipitation but little in-

~creased. The basin drained by thé Colorado of the West is, approximately,
241,965 square miles, or 154,857,600 acres. It is composed of mountain
valleys, plateau, mesa, cafion, and desert sections in wonderful variety.

There are three marked districts within this area, divided somewhat as
follows: (1) The more desert parts, bounded on the east by the west wall of
the Grand Cafion, limited on the north by the rim of the Great Interior Basin,
and extending south and eastward near the head of the Salt and Gila rivers
to the continental divide. (2) The plateau and cafion district, the eastern
limit extending northward along the continental divide to, approximately,
37° north; thence to junction of Green and Grand; thence westward to the
junction of the Great Cafion wall and rim of the Great Interior Basin; thence
southerly to west wall of Grand Canion; thence following southwestern edge
of Colorado Plateau to continental divide, constituting in fact the Great Colo-
rado Plateau entire. (3) The province of the mountains and their outliers,
being, respectively, the basins of the Green and Grand rivers. The first, or
desert, province is, approximately, 72,889 square miles; the plateau section,
approximately, 83,986 square miles, and the mountain area, approximately,
85,190 square miles. ‘
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This special duty of Lieutenant Bergland, to which géneral topographic
observations were added, brought him within the lines traversed by the fol-
lowing early explorers: .

Major Emory, 1849 to 1857 (Mexican Boundary west from Yuma); Cap-
tain Sitgreaves, 1851 (on the Colorado); Lieutenants Williamson and Parke
1854 (Pacific Railroad Surveys), and Lieutenant Ives, 1858 (Exploration of
the Colorado).

Not less interesting were the special explorations affcrding new geo-
graphical contributions in the basins and deserts north of the Mohave, ex-
tending eastward to the Amargosa, and including Death Valley, Panamint,
and Owen’s River and Lake (see reports by Dr. Loew in the Annual Report
for 1876).

These valleys, extending eastward from the southern end of the Sierras,
decrease in elevation until a tract near the central portion of Death Valley
is found at a depression of nearly 200 feet below sea-level.

The depressions in order of succession (all of a general northerly or
southerly trend), are the valleys of Owen’s River, Panamint, and Salinas,
and the desert of Death Valley and Amargosa, the four dividing ridges being
the Inyo, Argus, Telescope, and Amargosa ranges. No running water is
found in the desert solitudes, outside of Owen’s River the withering dryness
ot this portion of the western desert region is perfect and equal to that found
in any portion of the Sahara, but happily the area permanently desolate is

but small in comparison.
EXPEDITION OF 1877,

The area of this season’s work aggregated 32,477 square miles, dis-
tributed as follows: California, 6,825; Colorado, 3,825; Idaho, 8,877; Ne-
vada, 3,066; New Mexico, 6,303; Utah, 3,350; and Wyoming, 231 square
miles. This area falls within the basins of the Upper Sacramento and its
tributaries and the Great Interior Basin at the west, the Great Salt Lake
Basin and those of Bear and Snake rivers in the center, and the basins of
the Gunnison, Arkansas, and Rio Grande in the eastern section.*

# NoTE.—The route of the officer in charge after reaching rendezvous at Carson
was thence to Virginia City and return; theuce, via Truckee, to Lake Tahoe, Tallac
Peak and vicinity, and return to Carson; thence to Ogden, Utah; thence to Bear
Lake, via Logan, Utah; thence to Twin Creek; thence to Green River Valley and

., return, via Randolph and Evauston, Wyo., to Ogden, Utah.
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The routes of the early explorers crossed by the western section were
those of Frémont, 1843 (near Camp Bidwell); Beckwith, 1854 (from Hum-
boldt to Sacramento Valley); Williamson, 1865 (Feather River); and in the
central, Bonneville, 1833; Frémont, 1843; and Dixon, 1859 (from the Dalles
to the Great Salt Lake); and Emory, 1847; Gunnison, 1853; Loring, 1859
(Salt Lake City to Santa Fe); Lieutenant Smith, 1849; and Captain Over-
man (1873), in the eastern section (see Progress Map).

Wherever possible the data established in these early route surveys have
been utilized and their reports examined; in fact, up to and until the ¢lose of
the war of the rebellion, these and the public-land surveys comprised the
only surveys of this entire western region, and, asis well known, the latter
are only planimetric and for a specific and single purpose (. e., subdividing
land and to gather measured boundaries upon which to base its sale).
Uniformly the stakes marking subdivisions within the area of a given year’s
survey have been joined with, wherever found. This season was marked
by certain special surveys more in detail, as of the Lake Tahoe region
(scale 1 inch to 1 mile), the Washoe mining district (scale 1 =500'; pub-
lished at 1 inch to 1,500 feet) as a basis for the systematic examination of
this center of the precious metals.®

The Mescalero Apache Indian Agency, situated on Tulerosa Creek,
southwest of Fort Stanton, New Mexico, came within the area assigned Lieu-
tenant Morrison, who reports this region as well watered and timbered, and
abounding in game. The number of these Indians in 1881 is given at 900
(see Annual Report of Indian Commissioner for 1882). Morrison states that
they are below medium size, of scant angular frames, and with lafger and
less symmetrical bones than the Navajoes, also less intelligent and more

* One of the most interesting of the many phenomena presented by the workings of the Com-
. stock mines is the great heat encountered at the Iower levels, and it was to the investigation of the
sources of this heat-supply that Mr. Church devoted wnuch of his time. As is readily seen, the ques-
tion of future increase or decrease of the temperature is a most important one in its bearicg upon the
prosperous working of the mines. Asthe result of his investigation, Mr. Church reached the conclu-
sion that the usnal explanation of the heat that exists in the eruptive rocks of many localities, namely,
that it is the last manifestation of the heat which fused the rocks, does not apply here, because of the
persistence with which the supply is maintained under conditions that make extraordinary draughts
upon it. He cousiders the true source to be the chemical alteration of the feldspathic minerals in the
rocks, or the process technically known as kaolinization—the changing of feldspar to clay. As to the
question of increase of heat he is of the opinion that it is subject to a steady and moderate increase as
greater depths are reached.
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squalid. Among them marriage is a barter for the female; the dead are
buried on hills and covered with boughs and stones. The women make
baskets, while some of the men labor in the fields. - .

: Among the areas visited and mapped in 1877 most worthy the attention
of the courageous and enterprising settler, are the valleys of the southern
tributaries of Snake River, west of the Bannock Reservation and of the Gun-
nison, all of which region is now easily accessible by rail (see description
of Atlas Sheets). :

~ Lieutenant Morrison reported prospects of gold, silver, and copper in
the Sierra Blanca, near Fort Stanton, but little known and entered upon
since it was embraced in an Indian reservation.

The most direct route from the head of the valley of Great Salt Lake
to the Snake River was defined and measured. The Utah Northern Rail-
road, starting at Ogden, has since entered this ground.

A fine natural pass was noted at the head of Twin Creek (a stream
entering Bear River valley), which leads to Ham’s Fork of Green River.
The approaches on either side were found to be superior to those on the old
Bridger wagon-road to the southward. The game of this vicinity consisted
(1877) of black, grizzly, brown, and cinnamon bear, elk, black, and cotton-
tail deer in small numbers, with antelopes, foxes, coyotes, wolves, duck,
grouse, sage hens, and rabbits in abundance; also many trout in the mount-
ain streams. ’ .

The valley of the Gunnison, mapped in 1877, has since been opened
up, largely through the energy of the Denver and Rio Grande Railroad,
being availed of for a part of their route which extends west to Salt Lake
City over pretty much the same line as that explored by Gunnison during
the Pacific Railroad surveys (and known as Gunnison’s route). A second
railroad from Denver, the Denver and South Park Railroad, also reaches the
valley of the Gunnison, near the town of that name.

The routes leading from Forts Craig and McRae to Stanton were care-
fully measured, as well as the region (a part of it the Jornada del Muerto)
lying between and about the site of the Mescalero Indian Agency at
Tulerosa.
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The Atchison, Topeka and Santa Fe Railroad now traverses the greater
part of the entire length of the above *“Jornada.”

THERMAL AND MINERAL SPRINGS.

Many thermal and mineral springs were noted by Lieutenant Tillman
in Utah and Idaho (see Annual Report for 1878, page 110) on the Bear,
Blackfoot, and Port Neuf rivers and along Mink and Salt creeks. Tempera-
tures as high as 145° were recorded. Among the number were the well-
known Soda Springs at Morristown, Idaho, near Bear River. Lieuten-
ant Tillman observed that the carbonic acid gas escaped in such quantities
that birds alighting near them are poisoned and that grasshoppers succumbed
in less than two minutes.

At the Hot Springs, near Honey Lake, Lieutenant Symons observed a
temperature of 210° F. at the source, found to have an elevation of approxi-
mately 4,000 feet above sea. A number of these springs are found among
the flanks of Hot Spring Mountain.

Lieutenant Bergland was enabled to measure the volumes of the Rio
Grande above the North Fork, as also the latter, as well as the Gunnison
above the confluence of the Tumichi, and the latter stream with the following
results :

Main stream (Rio Grande), June 22, 1877; width, 182 feet; maximum
depth, 7 feet; area of section, 692 feet; mean velocity, 5.229 feet per second,
and volume of discharge, 3,618.468 cubic feet per second. (This was at

nearly its highest stage). North Fork (same date), width, 94 feet; mean
A depth, 3.125 feet; area of section, 196.5 square feet; mean velocity, 5.43 feet
per second, and volume of discharge, 1,067 cubic feet per second, thus making
a combined flow, or that of the Rio Grande below its north branch at this
stage of 4,685.5 cubic feet per second. '

The Gunnison, on November 5, 1877, was found as follows: Width, 75
feet; mean depth, 3.4 feet; area of section, 154.17 square feet; mean velocity,
1.57 feet per second, and volume of discharge, 242 cubic feet per second.

The Tumichi, width, 64 feet; mean depth, 1.8 feet; area of section, 50

feet; mean velocity, 2.63 feet, and volume, 131.57 cubic feet per second,
8 WH—VOL I
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thus a;ggregating for the Gunnison below mouth of Tumichi 373.5 cubic
feet at nearly a minimum stage. This is much larger at a season of high
water, when the Gunnison cannot be forded with safety.

The mean daily evaporation at Los Pinos Indian Reservation, from
August 9 to 24, 1887, was 0”.5537, of which 70 per cent. occurred between
sunrise and sunset, and the balance of 30 per cent. during the night.

A small cave was explored by Lieutenant Morrison and party near Fort
Stanton, New Mexico, in the limestone (capped by sandstone) of the Sierra
Blanca. The main line extended, approximately, 1,000 feet from opening,
and two laterals were measured, one, approximately, 1,400, and a second
about 1,700, feet in length. The domes, stalagmites and stalactites, and
crystals were found comparatively uninteresting. (See Annual Report, 1877,
page 138.)

The topographic results will be found embodied in Sheets 38 B and D,
47 Band D, 56 B, 32 C and D, 41 A and B, 61 A, 84 B, and part of 77 D.
(See also description of maps.)

During the year Vol. IV (Paleontology) and Vol. II (Astronomy) of the
quarto reports were issued; also the Catalogue of Mean Declinations of 2,018
stars, and the usual annual report.

Editions of final Atlas sheets 53 C, 61 C (sub), 65 D, 70 A and C, and
77 B were issued. (See *‘List of Reports and Maps.”)

EXPEDITION OF 1878.

The area mapped aggregated 26,550 square miles (California 10,175
New Mexico 8,625, Oregon 7,600, and Texas 150 square miles).* .

Portions of areas visited in 1873, 1874,1875, 1876, and 1877 were con-
nected with and in certain cases impinged upon.

The main basins entered were the Columbia, Great Interior, Sacra-
mento, Coast, Mohave, Great Salt Lake, Rio Grande, Pecos, and portions of

* NoTE.—The route taken by the officer in charge was from rendezvous at Carson,
Nev., to Virginia, Nev., and returning, thence to Fort Bidwell via Reno, thence to
Fort Klamath, thence to the Dalles on the Columbia River via Corral Springs, Des
Chutes, and Crooked rivers and Warm Springs, thence to Fort Walla Walla and re-
turn, thence to Portland via Fort Vancouver, thence to Sacramento, Cal., via Roseburg,
Oreg., and Redding, Cal.
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the Gila, the following being the principal streams : Columbia, Des Chutes,
Upper Sacramento, Pitt, Stanislaus, Tuolumne, Merced, and branches of
San Joaquin, Los Angeles, Mohave, Rio Grande, Pecos, Miembres, and Gila
rivers. 0 '

The cafions of the Tuolumne, Stanislaus, and Merced rivers of the
Sierra Nevada are shown on Atlas Sheet 56 D. (See description of Atlas
sheets.) ' ,

The routes of the early Government explorers crossed were those of
Frémont (1843), eastern base of Cascade; Warner, 1849; Derby, 1849;
Stevens, 1853; Mendell, 1855; Williamson and Abbott, 1855; Beckwith,
1854 ; Dixon, 1859 ; Williamson, 1865; Emory, 1846-"47; Whipple, 1853;
Parke, 1854, and Overman, 1873. (See Pacific Railroad Reports, Vols. IV,
VII, XI, and later report of the Bureau of Topographical Engineers, and
of Corps of Engineers and Progress Map, with the several Annual Reports.)

In these areas, in 1878, the subdivision by the Greneral Land Office had
but little entered, on account mostly of their inaccessibility, mountainous
structure, and desert character; however, since that date it is learned that
large areas of timber, valley, and grazing lands, and that showing mineral
resources (both economic and precious), have come into the market and been
disposed of to the settler.

PARTIAL ITINERARY, 1878,
Fort Bidwell to Fort Klamath.

The route from Surprise Valley to Goose Lake Valley lay via Lassens Pass (eleva-
tion 6,201 feet) of the Warner range, marking a point of the western rim of the Great
Interior Basin. This pass debouchesinto Fandango Valley that leads into Goose Lake
Valley nearly due east from the southern point of the lake of that name.

The next day the route was continued from Willow Ranch, passing through Lake
View, a new town or nucleus of agriculiural settlement in this vicinity, where a land
office had lately been established.

Goose Lake was found to contain fresh water and plenty of trout. Along the
eastern side toward the foot-hills of the Warner range, basalt, covering tabular lime-
stone, cropping here and there was noticed. The volcanic soil is dark, tillable, and
many ranches have been taken up. The valleys were found abundantly clothed with
grass, and the pine timber of the surrounding foot-hills was of luxuriant growth. The
succeeding day’s journey lay entirely in the valley of Sprague River (discovered by
and named after Major Sprague, Paymaster’s Department) to Prine’s Ranch.
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The following day brought us (en route to join the main party of the California
division at Fort Klamath) to Yainax, a branch of the Klamath Indian Agency. A
lovely country was traversed during this day’s march, all being within the Indian
reservation after reaching a point a few hundred yards west of Prine’s Ranch.

The march was resumed the following day, expecting to be able to reach Fort
Klamath, but as luck would have it a road forking in the heavy timber was taken for
the main one on account of its fresher tracks and apparently more frequent use. This
proved, however, to be the old Eugene City wagon-road, and -brought the party just
at dusk to a little stream with abrupt banks, the bridge over which had gone to decay,
thus stopping further progress. Reference to the topographical notes showed an
erroneous course. The route was through heavy forests with little glade-like openings
finely grassed. After a short rest and supper the back track was taken by moonlight,
and camp made at about 3.30 a. m. near the fork of the roads. At daylight the march
was resumed until about 3 p.m., when the open valley of Williamson’s River was
reached (this river was discovered by Colonel Williamson, U. S. Engineers, in his
route from Sacramento Basin to Columbia River in 1865, and named after him), and
later the regular Klamath Agency. The territory of this Indian reservation is spotted
with tracts of fine land for farming and grazing purposes, with timber in sight from
almost any point in all directions, and well watered with clear and limpid streams
abounding in mountain trout. The succeeding march brought the party to the rendez-
vous at Fort Klamath, where the more arduous labors of the season were to begin.

Fort Klamath to The Dalles, Oregon.

The route northward to The Dalles had for an initial point the main Indian agency,
to which our steps were retraced, and thence following a northerly direction camp was
made on the west bank of Williamson’s River, a short distance above an Indian trail,
crossing the river to the eastward and passing just south of the abandoned bridge,
mentioned on the Eugene City wagon-road.

Pine forests, grazing, and tillable soil are noted. respectively, on the rolling hills -
the slopes next to the valley, and in the valley proper.

The succeeding day’s march follows northward for a distance of 22.85 miles, the
rude wagon-road, fashioned upon a natural bed, passing along the western edge of
Klamath Marsh (here 2 meadow-like opening), thence through rolling ground, scantily
timbered and grassed, crossing Sand Creek, a lively running stream of clear water,
with sandy bed and banks, having its source near the summit of Scott Peak, of the
Cascade Range, nearly due west. This water reaches Williamson’s River through the
marsh. Camp is made at ¢ Big Springs,” that burst throngh the basalt cap of the out-
lying fields of the immense eruptive flows that together gave size to the up-lift of
the Cascades, flooding large areas on either side of the main axial line of upheaval and
flow. The great flat surrounding Klamath Marsh is marked by stunted pines, burned
in patches; larger pines toward the foot-hills rear their massive heads, lending color
to the higher foot-hills and mountain tops as high as 10,000 feet of the range to the
westward.

Thielson Peak, a needle-shaped, inaccessible pinnacle, standing bold against the
horizon, bears north 54° west from Big Springs. The report was current at Fort
Klamath that a number of unsuccessful attempts to scale this mountain mass, so pre-
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cipitous near its summit, have been made, but I am in doubt whether any mountain or
plateau masses are inaccessible, except along certain lines of approach (instances like
Thielson, and Cabezon en route to Fort Wingate, New Mexico, and the Grand Cafion
walls, are notable as being almost, if not entirely, exempt from escalade), yet the nat-
ural erosion will always find weak lines in the rock mass, the profile of which is less
abrupt and possible of access with the necessary appliances for skillful mountain-
climbing. ’

Dangerous and difficult though it may be, it still is to be doubted whether there
exists any mountain peak on the globe that cannot be ascended to the summit by a
well-equipped party of two or three practical and hardy explorers.

The water of the Big Springs is pure and cold. The little stream flowing from
them absorbs and gives out an alkaline efflorescence.

The next camp is made at Corral Springs, a short distance west of the main route,
north and on the Eugene City road, distance 21.64 miles. Meadows, upper tributaries
of Klamath Marsh, were passed during the day, surrounded with pine forests, increas-
ing in size and deus1ty as the foot-hills are reached,

Here the party is divided, one portion going westward to explore the Eugene City
Pass of the Cascades, the pa,rks adjoining, and the headwaters of Des Chutes River,
while the remainder follow the road northward to Little Meadows, on the Des Chutes
River.

The route to this pomt lay entirely through an almost unbroken forest of Oregon
pine (Pinus ponderosa prevailing).

Emigrant wagons were passed since leaving Williamson’s River, of pioneers from
Ohio, Indiana, and Illinois, the owners of which, having exhausted the search for lands
of promise in a due western direction, had now turned their faces northward and were
aimming for the Pelouse River region. Thus the roving instincts of mankind help to
point out and determine the land, paving the way to its settlement and to dots among
the world’s productive areas. The soil and exposed rock still remain persistently
volcanic (a comparatively late basalt). Walker Range, lying to the east, alow serrated
ridge, marks a part of the perimeter of the northwestern arm of the Great Interior
Basin, and its most westerly point is found (centrally) in this range, at longitude
121040’ west of Greenwich (approximately).

The route hence to Crooked River followed the Des Chutes to Farewell Bend and -
thence across a volcanic desert for more than 30 miles, to Carmical’s Ranch, on Crooked
River, at which point a route westward to the Willamette Valley crosses the Cascades
at an elevation of 3,154 feet, near Fish Lake, between Mounts Jefferson and Washing-
ton. At Big Meadows and Farewell Bend stock raising was carried on in a small way.
The whole upper Des Chutes River is valuable for agriculture in the bottoms, grazing
at average altitudes, and for timber to the very summit of the Cascades, and offers fine
inducements at least to the pastoral class.

Game proved abundant everywhere in the valley of the Des Chutes, and fish were
plentiful (especially mountain trout) in the streams. The larder was generally well
supplied with dressed venison and antelope meat and trout daily caught. Bear
(grizzly, brown, and black) are of common occurrence in the mountains.

Crooked River was settled at a place called Prineville, and again by ranches toward
its source, by pioneers who had crossed the Cascades from the Willamette Valley,
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pushing farther into the wilderness. The route from Carmical’s followed northward
for about 15 miles, to Willow Creek settlement, then north and west to Perry, on the
Des Chutes, near the Warm Spring Agency. The country passed over was & rolling
mesa (still basaltic soil), covered with a luxuriant growth of grass, and with pine
thickets occasionally interspersed. At Willow Creek farming was carried on, but else-
where grazing, one of the camps having been made at a small ranch, the ground and
home of a sheep-herder (an Englishman) from Australia, caring for herds belonging to
stock-growers who had begun their career and made their first attempt in Australia.

About 6 miles from Carmical’s, on the summit of a small butte to the west of the
road, a most beautiful and comprehensive view of the Cascades from Mount Scott on
the south to Mount Adams on the north was had.

A slight rain in the night had been a snow fall in the mountains, and the high
peaks were all covered to below timber line, presenting the appearance of huge rough
diamonds in an emerald setting. The morning was sunny and clear, and the vision -
entirely unobstructed by excess of humidity or haziness. There were visible, counting
from the southward, the following peaks (each worthy a special description): Scott,
Thielson, Diamond, Davis, Black Butte, Baldy, Saint Mary, the Three-Sisters, Wash-
ington, Jefferson, Hood, and Adams, twelvein all. No similar or as extensive a mount-
ain panorama was elsewhere encountered in travels in the West, and one can easily
believe it to be worthy of comparison with like panoramas in the Himalayas seen
from the crests of their subordinate or outlying foot-hills.

Warm Spring Agency, one of the advanced Indian outposts, was reached, where
the Indians were under the guidance of Captain Smith, an enthusiast, and a compara-
tively large number were engaged in agricultural and pastoral pursuits. From this
point it became necessary to make a hurried trip through the settlements of Oak Grove
and Tygh Valley to Dalles, on the Columbia River, to inspect astronomical stations
and pay attention to affairs in other parts of the widely distributed expedition of this
year. Lieutenant Symons passed over portions of the same line later in the season.
(See Annual Report, 1879.)

INDIANS.

The Klamath Indian Reservation was found to be the home of a num-
ber of the Klamath, Modoc, and Snake tribes.

The total population, as given in report of Indian Commissioner for
1886, is 972. A subagency for farming purposes at Yainax, on the south-
ern edge of the reservation, together with the main one at Fort Klamath,
were the headquarters of the Government employés belonging to the Kla-
math agency. The question of actual and final boundary wasin dispute; the
area claimed is approximately 1,056,000 acres, or an average of 1,086 for
each man, woman, or child. The Warm Spring Indians, numbering 859
according to the Indian Commissioner’s Report of 1886, were found to be
well advanced in the art of agriculture, many of them living in wooden
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houses, using plows and other modern implements, transporting their crops
by heavy teams, under an enthusiastic agent advancing toward the idea of
individual ownership of land, if not citizenship.

The section of territory visited in 1878 found to contain the most in-
ducements to the settler on account of agricultural and grazing values lies
along the entire length of the Des Chutes Valley in Oregon, at the sources
of the Klamath, Williamson, and Sprague rivers (part of Klamath Indian
Reservation) and "about the headwaters of the Colorado Chiquito, San
Francisco, and Gila rivers in New Mexico. The soil in the former locali-
ties is drawn direct from the heavy rich basalt of the Cascades, and in the
latter principally from trachytes and rhyolites of the Colorado Plateau, being
rich in carbonates of lime and magnesia, potassa, and phosphoric acid.

Regions notable for heavy timber (especially of the conifer species)
are the summits (except the high peaks) and flanks of the Cascade range,
the western flanks of the Sierra Nevada, the Miembres range in New Mex-
ico, as also the mountains and mesas about the headwaters of the San
Francisco, Colorado Chiquito and Gila rivers, this section marking the
southern extension of the great and almost unbroken forest commencing
north and west from San Francisco Mountain, heretofore mentioned.

Ranches, mainly of herders for stock-raising purposes, already dotted a
part of these regions in 1878 (see Annual Report, 1879), and while the
amount of arable ground is not relatively so great (see chapter on land
classification), still, together with that fit for grazing, and the large masses of
timber, independent of the minor resources only faintly developed, give
promise of the general occupancy of these territories by thrifty settlers.

The condition of the mining industry undergoes an annual increase
and expansion until the records of the subdivisions required in obtaining
~ title form no inconsiderable feature of the labors of the General Land Office.

The routes particularly worthy of mention lying within the area of the
1878 survey are those from Fort Bidwell to Fort Klamath via Klamath In-
dian Agency, and from the latter point to The Dalles on the Columbia River
(see Special Report, list of geographical positions, &c.); also that from
Fest’'s Ferry on the Rio Grande to near headwaters of Little Colorado at
Springerville, a route along which railroad communication could easily be
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had with the Atchison, Topeka and Santa Fe Railroad, near Eagle Station,
due east from Fest’s Ferry, and the Atlantic and Pacific Railroad, at Hol-
brook, on the Little Colorado, thus making another direct connection between
San Francisco and the Gulf ports at Galveston and New Orleans, by util-
izing the branch of the Atchison, Topeka and Santa Fe Railroad extending
to El Paso. The approximate length of road necessary to build would be
200 miles, from Holbrook, on Atlantic and Pacific, to Eagle Station, on Atchi--
son, Topeka and Santa I'e Railroad.

While the route or routes followed by the parties of 1878 from the
basin of the Rio Grande to that of the Little Colorado may not be the most
available, still a practicable line can doubtless be found along several routes,
and I look for such a link in the connectionfrom San Francisco to the Gulf
of Mexico as something of the near future.

The distance from Mohave Station, on Southern Pacific Railroad, to El
Paso is stated at 940 miles, and that from the same station to Holbrook, in
valley of Little Colorado, 564 miles, and the remaining distance to El Paso
(allowing 200 miles of road to be built) is 314 miles, or a sum total of 878
miles, making a saving in distance only of approximately 25 miles. A north
and south line, meeting rail communication at head of Sevier River, could
cross the Colorado at mouth of Paria and join the Atlantic and Pacific Rail-
road at Sunset crossing, in which event the link from the Little Colorado to
the Rio Grande would complete the chain of connection from the heart of
the western mountain region to the Northeastern and Eastern Mexican
States and tidewater at Galveston.

Crater or Mystic Lake, a singular mountain reservoir, lies near to and
north of the summit of the divide (Cascade Range) between the upper
Klamath Valley and the head of Rogue River, a distance, approximately,
of 23 miles from Fort Klamath.

The elevation (barometric) of the lowest point on its southern rim is
7,143 feet above sea, giving an elevation of 6,243 feet for the surface of the
water.

The route out of Klamath Valley crosses Wood River, then ascends
Annie Creek, that takes its rise in the basaltic cap near the summit of the
divide and atan elevation permitting of the source being fed subterraneously
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from this lake, the right line distance through reck to the edge of the lake
being approximately 2 miles. 7

The road is entirely along a volcanic floor, through thick pines, spruce,
‘and firs. A suite of nine distinct layers of volcanic rock is shown on the
precipitous walls of the bowl-shaped reservoir, that is 900 feet deep from
lowest point of southern rim, and not less than 2,000 feet at the northeast
angle opposite Mount Scott, of the Cascade Range. .

Snow lies nearly the entire year about the basalt rim, but the drainage
is always from the interior or lake surface along the entire perimeter, except
for a trifling surface drain at the most depressed or southerly point. The
usual snow and rains are apparently the only feeders.

It is believed that the water, which is clear and pure, does not freeze

- during the winter. - It is certainly unique among all lakes the characteristics
of which are known to me. Its bed has evidently been in the past the aniphi-
theater of long-continued volcanic activity, and appears to be in shape some-
what like the basin of Kilauea, one of the largest of the present active vol-
canos of the Sandwich Islands.* .

The water-line on a bold detached rock pedestal or shaft showed a rise
above the then level of nearly 6 feet. .

A crater island or black basaltic frustum towers from the surface at the
western side of the lake (about 23 miles from extremity of lake opposite
Mount Scott), the elevation of its summit being approximately 2,500 feet
above the water’s edge. This cone is covered with scattered pines nearly
to the top. There is no evidence on the blackened rocky shore of fish,

* Captain Dutton, U. S. Ordnance, gives the following dimensions for the volcanic vent known as
Kilauea, on the island of Hawaii: *“ A pit about.3} miles in width, nearly cllipticalin plan, and sur-
rounded with ¢liffs for the most part inaccessible to human foot, and varying in altitude from a little
more than 300 feet to a little more than 700 feet.” (Fourth Annual Report U.S. Geological Survey, p.
104.)

He suggests the term caldera for the very limited class of amphitheaters, of which this may be con-
sidered a type. Mokunaweoweo, the caldera found at the summit of Mauna Loa, about 22 miles from
Kilauea, northwestward, has horizontal dimensions somewhat less than the latter, while a depth of 600
feet is stated for one point on its rim. He accounts for the shapes of the peculiar depressions, some of
which still remain as active volcanic vents, as follows: ‘‘Numerous small crateriform depressions are
found in many parts of Hawaii, which also seem to me to be homologous to Kilauea, some of which are
only a few hundred feet in diameter, and none of them exhibit any signs of recent activity. Considered -
with reference to their origin, the evidence is conclusive that they were formed by the dropping of a
block of the mountain crust, which once covered a reservoir of lava, this reservoir being tapped and
drained by eruptions occurring at much lower levels.”
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animal, or plant life. Small nodules of pumice floating slowly past evidence
a very slight movement of the water. Its dimensions are approximately 3
by 24 miles and oval shaped, with contractions at ends of minor axis.*

It was stated that soundings had been made and a depth of 750 feet
found. Thielson’s Peak stands athwart the northern rim as seen from the
camp at the south, and about 16 miles distant. A heavy growth of pines,
spruce, and fir approach the rim from every side, extending where possible
to obtain a foothold along the caiion escarpment toward the lake below.

This unique mystic basin, mountain locked, set deep in the heart of the

Cascades, marks a well-preserved opening that has once led to those interior
laboratories of nature, the molten volumes from which still demand, although

with waning force, outlets at many points through the earth’s crust, leaving
often, as in this instance, rivets holding together, as it were, the solid forma-
tions temporarily rent asunder.

In the northwestern arm of the Great Interior Desert are found Abert,
Chewaucan, Sumfner, Silver, and Pauline lakes, which, with exception of the
latter, are reservoir sinks. No lakes are reported within the New Mexico
district. (See Atlas sheet 84.)

The only thermal or mineral springs reported are mentioned by Lieu-
tenant Birnie as the most important group in Southwestern New Mexico,
the principal one, or Hot Spring, being situated at about 21 miles from Fort
Bayard on road to Miembres. '

The temperature is 150° F., that at Apache, Idaho, 89° F., and that of
another spring near, 120° F. They all havea copious flow and are noted
for their curative properties.

The western rim of the Great Interior Basin was traced for a distance
of approximately 2° of latitude to the north of Fort Bidwell, or, say, Cali-
fornia boundary, and many points determined that define the shape of its
considerable northwestern arm. Thus by installments this peculiar inland
feature of the far western mountain and plateau region has been brought
to light, additions to its extent and physical configuration having been made
by each of the expeditions, beginning with that of 1869. .It finally figures

*# Its geographic and topographic position is to be found delineated on one of the original unpnb-
lished plotting sheets among the archives of the Engineer Department.
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upon the present map of the globe as the largest known defermined area
without surface drainage or outlet to the ocean.

The northern limit of its northwestern arm is found to be approximately

44° 20" north latitude, and its extreme western at, applo\nmatelv longitude

121° 40" west from Greenwich.

The approximate eastern and southern limits are 111° west longitude
and 33° 45’ north latitude, respectively, thus embracing substantially 10° 40’
in longitude and 10° 35 in latitude, with an approximate area of 208.600
square miles.

LIST OF PRINCIPAL PASSES ACROSS THE WESTERN RIM OF THE GREAT INTERIOR
BASIN.

This list, prepared by and under the direction of Lieutenant Macomb,
is intended to show in a single view all the passes or gaps at present
traversed by trails, roads, or railways crossing the western portion of the
divide between the Interior Basin and the Pacific water-shed.

The passes are arranged in the order of their occurrence from north to
south, the altitude of the summit of each being given, together with that of
the principal adjacent peaks. In the column of remarks will be found the
name and character of the route of communication through the pass.

The divide on the north follows the crest of the Great Desert Plain of
Central Oregon, and, passing some 19 miles eastward of the Cascade Range,
runs west of Summer Lake, over the ¢ Winter Ridge” of Frémont (locally
Rim Rock Mountains), and through the Warner Range, lying between Sur-
prise Valley and Goose Lake, and thence through a comparatively low roll-
ing region west of the Madeline Plains to the vicinity of Lassen’s Butte.
From here south it follows the crest of the Sierra Nevada, rising gradually
to its maximum elevation at Fisherman’s Peak or Mount Whitney, and then
descending more rapidly toward the south as the great Sierra falls away in
the Coast Ranges of Southern California. Only three passes out of the list
of seventy-nine are used byrailroads; others are traversed by mainor through
wagon-roads, while the remainder are crossed by local wagon-roads or trails.

The railroad passes are distinguished by sMALL caprTaLs and those used
by main wagon-roads by italics.
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Except where stated to the contrary in the column of remarks, all of

the passes mentioned have been visited by parties of this survey, and the

altitudes have been obtained from their barometric observations.

Other

authentic results, where known, have been noted for comparison, when

there is no doubt as to the identity of the pass.

To avoid any misunderstanding as to locality, the approximate latitudes
Yy g Y 1%

and longitudes, with distances and directions of the principal peaks, have

been given, as shown by the plots of this office.

I . . . .
Appmﬂ";’;te posi- Name and height of pass. P?x;];)l&inifnalizlﬁysl;;ggg alfg agi:'et::iltt;g
o . from pass.
= Remarks.
5 Latitude.li Longi- Name. tHeigm. Name. Height.
o ‘ o Feet. Feet
1] 43 44 | 119 52 | Camp Curry........ 5,513 | Crest of Great Desert Plainof |........ Prineville and  Harney
Central Oregon; no marked wagon-road.
. peaks or divide.

2| 43 37 [ 120 45 | Langton's........... 5,225 |...... [ PR (RPN Lakeview and Prineville
wagon-road.

3| 42 45 | 120 52 | Sycan...c.. .ecee-.. 6,868 | Winter Ridge; no marked |........ Trail west from Summer

peaks. Lake to old Eugene road.

4! 42 24 |120 -24 | Chewaucan......... 5,731 | Nomarked peaks; dividelow.|........ Lakeview and Prineville
road. .

5 42 193|120 18 | Antler.............. 4,929 | Nomarked peaks; divide very {........| Wagon-road, Drew’s Valley

. low; a pass in main crest of to Antler Post-Office.
Warner Mountains, 5 miles
east, is 6,835 feet.

6, 42 131 (120 18 | Warner............. 5 820 | Sugarloaf, N. 59° E., 104 miles .| 8,416 | Old Oregon and California
military road; present road
from Lakeview to Warner
Lake Valley.

71 41 544 1120 15 | Bidwell ...... ...... 7,204 | Fandango Peak, southward3} | 7,848 | New Ayres grade, between

miles. Bidwell and Lakeview.

8] 41 49 | 120 12 [ Lassen’S.ccc........ 6,201 | Fandango Peak, notthward 33 | 7,848 | Old Lakeview and Bidwell

miles. | road. Altitudeabove Fort
| Bidwell from Lydecker's
tables.

91 41 39 1120 17 | Lake .eeeeucniannn.. 7,034 | Cedar Peak, southward 3miles| 8 308 Wagon-road from south and
Goose Lake Valley to Sur-

' prise Valley.
10/ 41 333 1120 153 | Cedar...... ........ 6,356 | Cedar Peak, northward 3 miles, 8,308 Alturas and Cedarvilleroad.
1h) 41 043320 28} | Altwras -eeene ceeo.. 5,500 | Divide low; peaks from 800 to |........ - Susanville and Alturasroad,
1,000 feet above pass. i divide between Madeline
] Plains and South Fork of
t  Pit River.
127 40 59 |.......... Madeline ........... 5,736 | Divide low; no prominent |........ . Lieutenant Beckwith’sroute,
peaks. " Pacific Railroad Reports.
13| 40 3331121 348 Noble .............. *5,963 | Lassen's Butte S. 37° E., 6} ! 10,437 ' Sacramento Vailey and Fort
. ! miles; not in main divide, ‘ Crook road, divide be-
' [ though highest. 1 tween Canoe and Battle
: Creek.

* 6,074, Lieutenant

)

Beckwith; Pacific Railroad Reports,
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15

16

17

19

20

21

27

28

30

Approximate posi:
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Namuo and height of pass.

Prominent’ neighboring peaks, with
approximate distance and direction

tion.
from pass. Remarks.
Latitade,| 5oDg" Name. ;Height. Name. Height.

o o ¢ . Feet. Feet.

40 39 | 121 13% | Poison Lake........ 5,409 | Unnamed point, S.42° E ...... 7,419 | Honey Lake Valley, Susan-
ville, and Fort Crook road.

40 27 | 121 01§ | Fredomyer .........| 5670 | Unnamed peak, S. 52° E.,, 5| 7,023 | Cross-road between Susan-
miles. ' ville and Fort Crook road

Unnamed peak, N. 78° W.,8% | 6,649 and Susanville and Red
miles. Bluff road.

40 213 { 120 52 | Susanville ..-.| 5,507 | Unnamed peak, N. 57° W.,53 | 7,023 | Susanville and Red Bluff
miles. road.

Unnamed peak, S. 28° E., 63 [ 7,496
miles. )

40 19 | 120 44 | GoldRun...... 6,428 | Unnamed peak, S.53° W., 43 | 7,496 | Susanville and Taylorville
miles. road.

Unnamed peak, S. 76° E., 2¢ | 7,667
miles.
40 133 | 120 28% | Thompson ....... ..{ 6,022 | Thompson peak, N.57° W.,43 | 7,752 | Ranch-road from Honey Lake
miles. Valley to Thompson Creek.
Milford Peak, S, 370 W., 4 miles| 6,573
40 074 | 120 203 | McFadden ......... 5,999 | Milford Peak, N.55° W, 6miles| 6,573 | Ranch-road from Honey Lake
: McKesick's Peak, S,620E., 53 | 7,083 Valley to Thompson Creek
miles. ’ Basin.

40 013 | 120 11} | Last Chance........ 6,006 | McKesick's Peak, N.31°W., | 7,083 | Local road from Long Valley
5% miles. to Last Chance Valley.

Adams Peak, 8.320F., 93 miles.| 8,432

39 47% | 120 06 | Beckworth.......... 5,193 | Adams Peak, N.1°E., 8 miles.| 8 432 | Wagon-road from Reno to
Summit Peak,S.18° W., 63 miles| 8,302 Beckworth post-office.

39 393 | 120 08 | Loyalton........... 7,075 | SummitPeak.N. 8¢ W., 23 miles| 8,302 | Wagon-road between Loyal-
High ridge, south............. 8, 820 ton and Reno.

39 334 | 120 09 | Sardine Valley ....| 6,346 | High ridge, northeast......... 8,820 | Truckee and Loyalton road.

: Peak, southwest 2 miles ...... 8, 033
39 323 | 120 123 | Sierraville..... ....| 6,893 | No marked peaks near........[........ Wagon-road from Reno to
i south end of Sierra Valley. .

39 304 ; 120 16% | Sierra Valley....... 6,321 | Ridge rises 700 to 1,000 feet |........ ‘Wagon-road from Truckee to
above passes. southend of Sierra Valley.

39 36%3°| 120 28% | Yudba Gap*......... 6,700 | Haskell's Peak, N. 500 W.,5 | 8,126 Wagon-roa:d. Sierra Valley to
miles, Sierra City. Whitney

Downieville Buttes, S. 81°W., | 8,541 gives 6,642 feet altitude of
9 miles. this pass.
39 40% { 120 274 | Haskell's*......... 5,815 | Haskell’s Peak, S. 76° W., 5 | 8,126 | Wagon road, Sierra Valley
- miles. to Quincy.
Beckworth Butte, N.120E., 6} | 7,250
miles. ’

39 20 | 120 26% | Henness.eeaee...... 6,958 | No marked peaks near, ridge |........ Henness Pass wagon-road.
rises 400 to 800 feet above ‘Whitney gives 6,996 feet.
passes.

39 25 | 120 27 | Meadow Lake ...... A D R Branchroad to Meadow Lake
mining district from Hen-
ness Pass road.

39 19 | 120 19% | Donner.... ........ 7,043 | Castle Peak, 3} miles north. | 9,013 | Summit of wagon-road from

ward. Truckee to Emigrant Gap.

* Yuba Gap and Haskell’s Pass are notin the main divide, bat in the high spur west of Sierra Valley, terminating north-

ward in Beckworth Butte.

spur runs directly north.

The main divide bends sharply eastward about 17 miles south of Beckworth Butte, while the
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Prominent neighboring peaks, with

AI’pmxtii';’:te Posi-| Name and height of pass. approximate distance and directien
5 : from pass.
2 7 Remarks.
E Latitude.; Lougi- Name. iHeight. Name. (Height.
o o ! ) Feet. Feet.

DONNER ceveeracanns 6,983 |....ca Cenaee P SO Summit Station, Central Pa.
cific Railroad. Whitney
gives 7,056 feet and railroad
levels 7,018 feet for summit.

31| 39 12% | 120 16 | Soda Springs....... 7,906 | Granite Chief, 1} miles south- | 8,876 | On trail between Squaw Val.

west. ley and Soda Springs.
32| 39 113|120 16} | Squaw Valley...... 8,630 | Granite Chief, 3 milenorthwest| 8,876 | Trail from Squaw Valley to
Rocky Point, south........... 8,765 A merican Valley runsover
) . this gap.
33| 39 043 | 120 133 | Blackwood ......... 7,704 | Twin Peaks, north 24 miles...| 8,824 | Trail to head of Blackwood
Creek.

34| 39 02 | 120 12 | Burton, or George-| 7,164 | EllisPeak,northward2}miles.| 8, 675 | Georgetown and Lake Tahoe
town. trail. Whitney gives 7,119

feetandrailroadlevels 7,154
feet for this pass.
35| 38 493 | 120 01% | Johnson's...........{ 7,266 | Pyramid Peak, N. 780 W., 7 | 10,052 | Simpson gives 7,222 feet, Cen-

miles. tral Pacific Railroad survey
Red Lake Peak, S.17° E., 8 | 10,120 7,373 feet asaltitude of this
miles. pass.
36| 38 415|119 595 | Carson ............. 8,634 | Red Lake Peak, N. 120 E., 3 | 10,120 | Summit of Ainador and Ne-
mile. - vada wagon-road. Whit.

Alpine Peak, S.120W ., 2 miles| 10, 426 ney gives8,759feet altitude
of this pass.

37| 39 13 | 119 54 | Franktown*........ 7,960 | Rose Peak, N. 5° ., 8% miles .| 10, 820 | On trail between Hot Springs
Marlette Peak, S.13° W., 23 | 8,631 (Lake Tahoe) and Frank-
miles. town.
381 39 103 | 119 522 | Marlette*........... 8,265 | Marlette Peak, 1 mile north- | 8,631 | Summit of wagon-road fromn
west. Carson to Marlette’s Lake,
Unnamed peak, southward 1} | 9,100 via Ash Cafion.
miles.
39 39 053|119 533 | Tahoe*.eceee .. ..... 7,186 | Unnamed peak, N, 1¢° E., 33 | 9,100 ; Carson and Glenbrook (Lake
. miles. f Tahoe) stage-road.
> Genoa Peak, S.11°E., 4 miles .; 9,155 |
40| 38 58% | 119 53% | Daggett's........... 7,297 | Genoa Peak, N. 6° E., 4} miles.| 9,155 | Summit of Kingsbury grade.
Monument Peak,S. 6 W., 4 | 10,035 ' Simpson gives7,180 feet for
; . miles. ;  this pass.
41 38 350 \ 119 54% | Freel's*eocoea. ... .. 8,685 | Freel's, N. 26° E., 1} miles. ....! 10, 849 ! Summit of trail from Lake
Valley to Hope Valley.
42| 38 474 | 119 563 ( Luther's*........... 7,681 | Freel's, N. 28° E., 5} miles..... 10,849 | Old stage-road from Hope

| Stevens, S.25° W, 44 miles ...} 10,010 Valley to Lake Vailey.
i Simpson gives 7,505 feet
for altitude of this pass.

{ t

* The six passes from Franktown to Luther's, inclusive, are not in the main crest of the Sierra, but in a lofty spur
forming the eastern barrier of the Lake Tahoe Basin and sepurating it from the Carson Valley. This spur diverges from
the main ridge just north of Carson Pass, at Red Lake Peak (latitude 38° 42§, longitude 119° 59, altitude 10,120 feet), running
approximately N.25° E., to Freel's Peak, and thence almost due north some 35 miles, to the cafion of the Truckee River, in
latitude 39° 30’. This spur is very narrow, being less than 6 miles wide at Genoa, and very lofty, its main peaks, Freel's
on the south and Rose on the north, rising 800 feet above the highest in the main divide west of Lake Tahoe. Its topo-
graphic details are well shown on the special map of the Lake Tahoe Region, and the name Tahoe Mountains has been
proposed for it. Locally it is called the ** Eastern Summit,” in contradistinction to the main ridge across the lake, which
is here known as the Western.
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Approximate posi-

Prominent neighboring peaks, with

tion, Name and height of pass. ?pproximute istance and direction
. rom pass.
5 Remarks.
,2 _
é Latitude. Iﬁﬁ%}' Name. Height. Name. Height.
o o Feet. Feet. :
43| 38 39 {119 573 | Blue Lake .......... *8,960 | Alpine Peak, N.72° W., 2 miles| 10,426 | Northwest of Upper Blue
Lake, on old wagon-road,
near the site of Summit
City mining camp.
44| 38 383 | 119 55 | Charity.............| 8,292 | Peak west of pass,f mile. .. | 9,455 | Summit of wagon-road be-
Markleville Peak, N.30° E., 2 | 9,431 tween Charity and Hermit
miles. valleys; road crosses main
divide at about 1% miles
south, at a point about 100
feet lower.
45| 38 324 { 119 484 | SILVER MoUNTAIN | 7,630 | Highland Peak (Silver Mount- | 10,956 | Big Tree wagon-road, be-
(or Ebbet’s). aing), east 3 miles. tween Sonora and Silver
’ Mountain. The highest
point on the road is on the
divide between the Moke-
lumne and Stanislaus riv-
ers, 8,157 feetabovesea and
about 6 miles west of the
. main crest of the Sierra.
46| 38 30 | 119 454 | Wolf Creek (north).| 8,438 | Highland Peak, northward 3 | 10;956 | These gaps are at the head
miles. of Wolf Creek and crossed
Wolf Creek (south).| 8,729 | Arnot Peak, southward 2miles| 10, 068 by trails.
471 38 194 | 119 38 | Sonor@ .ceevennn.... 9,660 | Sonora Peak, north 12 miles ..| 11,444 | Suminit of Sonora and Mono
Leavitt's Peak, southward 3 { 11,553 stage-road.
miles.
48| 38 124 | 119 374 | Relief (north) ..... 9,305 | Peak, 14 miles north......... 10,829 | Old Relief trail crosses north
Relief (south) ...... 9,585 | Tower Peak, S. 44° E., 6 miles.| 11,719 gap.
4)| 38 03 | 119 19 | Green Creek........ 10,161 | Matterhorn, northward ....... 12,260 | On trail from Bridgeport to
Conness Peak, southward. .... 12,552 Yosemite Valley; pass is
. on main divide; small lake
in pass.
50| 38 024 | 119 174 | Virginia Creek .....[ 11,046 | Dunderberg (Castle) Peak, 13 | 12,289 | Summit of Bridgeport and
miles northeast. Yosemitetrail,ondivide be-
Conness Peak, 53 miles south- | 12,552 tween Virginia and Green
ward. creeks; pass not on main
divide.
51 37 54t (119 15 | McLane's........... 10,165 | Dana, 2 miles southeastward..| 13,043 | Summit of Great Sierra
Conness, 53 miles northwest- | 12, 552 wagon-road ; altitude esti-
ward. mated from Whitney.
52| 37 513 | 119 123 | Mono............... 110,765 | Dana, 3 miles northward...... 13,043 | Summit of Mono trail, head
of Bloody Cafion; altitude
I ! from Whitney.
53| 37 37 |...-. .....] Long Valley....... | 9,200 | Minarets to westward ....... 12,266 | On trail from Chiquito Mead-
Red Slate Peak, southeast- | 13,147 ows to Long Valley. Alti-
ward. tude from Whitney.
5! 37 28 |oeeinen-n. San Joaquin ........ 12,400 | Red Slate Peak,northwestward| 13,147 | Summit of trail from San
Joaquin Basin to Owen’s
River Valley; altitude
from Whitney.

* Estimated.
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¢ Number.

56

57

58

59

60

61

62

63

64

65

Prorainent neighboring peaks, with

Appro:g‘;-;a.te Posi-|  Name and height of pass. approximate distance and direction
e from pass.
Remarks.

Latitude.| Lousi- Name. Height. Name, Height.

o o Feet. Feet.
36 46 | ... ... Independence ..... ....| Black Peak, northward .......| 13,009 | Pass justsouth of Kearsarge
Kearsarge Peak, northward, | 12, 513 Peak, on trail from South
and Williamson’s Peak, | 14, 360 Fork of King’s River to In-

southward. dependence.

3€ 32 | ...o.... Unnamed pass ..... 12,057 | Fisherman's Peak,or Mount | 14,470 | Altitude from Whitney; trail
Whitney, northward. to Whitney’s Peak from

Corcoran Peak, southeast- | 14,094 Lone Pine said to run over
ward. this pass.

36 25 | 118 114 | Visalia ............ [ 10,175 | Corcoran Peak, northward 8 | 14,094 | Visalia and Lene Pine trail;
miles. alsocalled ** Hocketttrail."”

35 395 | 118 014 | Walker's .......... 5,322 | No marked peaks; crest of |........ ‘Wagon-road between Weldon
ridge 1,000 to 1,300 feet and Coyote Holes. Alti-
above pass. tuda from Williamson’s Pa-

cific Railroad Report, 5,302
feet.

35 293 ;118 08 | Bird Spring......... 5,417 | No marked peaks near; crest ;. _...... 0l1d wagon-road from Weldon
of ridge 1,000 to 1,300 feet to Mohave Desert, via
above pass. Bird Spring; probally

same as Humpahyamup
Pass of Williamson (alti-
tude 5,351 feet).

35 27 | 118 14 | Saint John's Mine .. 5,083 | Pah-ute Peak, 74 miles west- | 8, 342 | Wagon-road from Weldon to
ward. Kelso Valley.

35 203 | 118 17 | Caliente ............ 5,497 | No marked peaksnear; crest |....... Trail from Caliente Springs

{ of ridge about 800 feet above to Kelso Valley.
pass.

35 173 | 118 24 | TEHACHAPAI ....... 4,025 | Double Peak, S.38° W.__...... 8,263 | Southern Pacific Railroad ;

altitude by railroad levels.
Williamson gives 4,020 fect
Pacific Railroad Report.
35 113|118 203 | Oak Creek..........| 6,904 | Double Peak, about 3 mile ! 8 263 | Trail from Nation's, Tejun
’ northward. I Creek to Oak Creek.
Peak, south about 1 mile ..... I 8 847
3¢ 59 118 22 | Tejon.-ee.oooo...... 5,485 { Peak, N.61° E,33miles ...,... 8 347 | Summit of trail between Te-
Jjon Creek and Dearborn’s
Ranch, south of Twin
! Lakes.
34 48% ; 118 51} | Oafiada de las Uvas.| 4,206 | No marked peaks near; on | ....... ‘Wagon-road from Elizabcth
| divide between Tejon Creek ; Lake to Bakersfield. Will.
i (Tulare Basin) and Peru iamson’s altitnde 4,256
i Creek (Santa Clara Basin). | feet.

34 46% ‘118 43% | Cafiada de las Uvas.| 3,306 | No marked peaks near; on ,._...._. ‘Wagon-road from Elizabeth

| ' GreatInterior Basin divide. Lake to Bakersfield.

34 381 118 23 | Sanm Francisquito ...| 3,833 | No marked peaksnear; head |........ Summit of wagon-road from

' ! of San Francisquito Creek. Newhallto Elizabeth Lake.
; Williamson’s altitude 3,718

. , ; feet.
" 34 313 18 074 | SOLEDAD (or Will- | 3,210 | No marked peaksnear........ | . Southern Pacific Railroad;
! ! iamson’s New ' altitude from railroad lev-
Pass). els. Williamson gives3,164

feet.
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. . g i io! i aks i
Appro:ili!::'te POSI' | Name and height of pass. PI:?;?;])];:)ex"iltualiglr(lli]s{:::gg a{)lfiqg:r'e(::ilttg

5 from pasa. Remarks.

E . I

;2 Latitude. It"?ll:‘%b Name. Height.| Name. Height.

o ! ° ! . Feet. Feet.
69| 34 213|117 45% | Rock Creek......... 6,703 | Peak, 2 mile northeast........ 7,576 | Trail between Rock Creek
Peak, 1 mile southwest ....... 9,421 and Prairie Fork of San
: ’ Gabriel Creek.

70/ 34 20 | 117 37 | Swarthout's Cabon .| 6,870 | Peak, 13 miles sonthwest ..... 8,445 | Road head of Swarthout’s
Cafion.

71f 34 22} | 117 35 | West Cajon ........ 4, 841 | Teak, 24 milessouth .......... 6,870 | Crossed by trail at head of

: Cajon Creek. ’
72| 34 21§ | 117 32 | Cajon (main or cen- | 4,676 | Nomarked peaksnear; slopes |........ Summit of old Salt Lake
tral). westward gentle. wagon-road; altitnde from
’ : Williamson's Pacific Rail-

. road Reports.

737 84 20§ | 117 27 | East Cajon.......... 4,196 | No marked peaks near........|........ Summit of present wagon
road from San Bernardino

- to Panamint.
74| 3% 193 | 117 254 | Pass 2y mileseastof | 3,771 {...... [ 01 RN I --.....| Trailbetween Fear’s Station,
Fear’s Station. Tejon Creek, and Holton
Ranch (West Fork Mohave
River).

75| 34 14% | 117 20 | Devil's Cafion ......{ 4,683 | Peak, 13 miles west ......... .| 5,509 | Summit of road from San
Bernardino.

76| 34 13% | 117 17 | Waterman's... .... 4,721 | Strawberry Peak, 3 miles | 6,014 | Summit of trail head of Wa-

eastward. terman’s Cafion.

77) 34 133 117 12} | Strawberry......... 5,186 | Strawberry Peak, 13 miles 6,014 | Summit of road from San

westward. ’ Berpardino to Little Bear
Valley.

78! 34 17 ;116 54 | Holcomb Valley....| 7,131 | Peak, 14 miles south .......... 8,132 | At placer mines on summit
of road west of Bear Val-
ley.

79| 34 17 | 116 50 | Bear Valley..,.....-. 6,850 | No marked peaksnear........|........ Summit of wagon-road about

R %2 mile north Bear Valley
mining camp.

90 A, and 78 A.

(first edition).

Material was obtained for Atlas sheets (entire) 47 A, 56 D, and 84,
while large contributions were made to sheets 20 B and D, 29 A and C, 73,

(See Progress Map.)

>

Volume VI, Botany, appeared during this year, as also extract. from
Volume II, as “ Field List of Time Stars,” “List of Reports and Maps”
(See “ List of Reports and Maps,” second edition, 1881.)

The following regular topographic Atlas sheets were reproduced: 41 B,
61 C,61 D, 62 A, 62 C, 69 B, 77 D, and the Land Classification sheets 41
B, 61 C, 62 A, 62 C, 69 B,.and 69 D.
9 WH--VOL I
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EXPEDITION OF 1879.

The expedition of this season was planned with the purpose of review-
ing certain areas entered in 1873-75-"77, and 78 in Atlas sheets 56 D, 61 B
and 52 D, and for the completion of the Salt Lake survey and concluding
of the special geological examination of the mountain range southward
from the Spanish Peaks to the southern extremity of the Santa Fe Range.

Parties operating in Colorado, New Mexico, Utah, and California were
obliged to leave the field on June 30 (the close of the fiscal year),no further
funds being available for field expenditures.* '

The basins of drainage within which are found the season’s doings are
the Rio Grande, Arkansas, Colorado of the West, Great Salt Lake, and
Sacramento.

The principal streams, other than those indicated by the names of the
basins, will be found on the Atlas sheet mentioned and in the description of

. maps, as also the result of observations of the various physical details.

Each of the parties continued triangulation observations from all available
points within the allotted area to the date of finally closing the field work.
A large number of new mining camps in Colorado, as Silver Cliff, Leadville,
Ten Mile, Carbonate, Frying Pan Gulch, and new discoveries on the Gun-
nison, were carefully located and given their appropriate places on the map.

The capacity of the several areas in relation to farming, stock raising,
and timber supply will be pointed out in chapters on land classification
and description of maps.

* NoTE.—The route taken by the officer in charge, in connection with organization
of parties and distribution of duties, was from Washington, D. C.,to Ogden, via Pueblo,
Colo.; thence to Antelope Island and other portions of Great Salt Lake and return;
thence to Madera, the Yosemite region, and return; thence to Denver, Leadville, and
South Park, in Colorado, including an ascent of Pike’s Peak.

No mention is made, on the one hand, of the annual trips necessarily made, first
from the San Francisco office, then that at Washington, and subsequently from the sub-
field offices, to points of rendezvous; or, on the other, of detours made in the ascent of
peaks, plateaux, and mesas, in the examination of passes, and for varions and numer-
ous other special objects. The kinds of travel were by rail, steamer, stage, ambu-
lance, buckboard, mule and horse back, row-boat, and on foot.
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No new routes of importance were developed, but profiles were made
showing the connection between the head of the Arkansas and South Park
with the eastern forks and tributaries of Grand River.

Other than the annual report there went to press during the year the
MS. of Volume VII (Archzeology), and the following Topographic Atlas
sheets, viz: No. 32 D, 73 A, 78 A, and 84 B, were issued, as also Land
Classification sheets 32 D, 61 D, 73 A, and 84 B. (See description of maps.)

The following special list of altitudes and condensed table of distances
in and around Yosemite Valley have been kindly prepared by Lieut. M. M.
Macomb, United States Artillery. 4

I.—SPECIAL LIST OF ALTITUDES OF POINTS OF INTEREST IN AND ABOUT THE
’ YOSEMITE VALLEY.

Altitudes. Means
Points of interest. v P:tfﬁﬁ;]:]ce mei;’st;ne-
Above | Above ment.
valley. | sea-level.
1. PRINCIPAL W ATERFALLS.
Yosemite: Feet. Feet.
B T 8 ¢ 1) N 2,548 6,482 | U.B....| T.
P00l fout Of BPPOT .o e e et iiiiiecacaresneacereconessarasaneeasasassenemnanenn 1,046 4,980 | U.B....| T.
L T3 0 T - 486 4,420 | U.B....| T.
BT 15 114 4,048 | U.B....; C.
Upper fall, 1,502 feet; lower fall and rapids, 486 feet; middle fall or cata-
ract, 560 feet ; total, 2,548 feet.
Bridal Veil:
Y P 844 4,769 | L.B....| T.
Pool at foOb . ... i ieereetaeereeneaaa 225 4,150 | L.B ....| C.
Sheer fall, 619 feet; cascades and rapids, 225 feet; total, 844 feet.

NoTE.—In order to determine a reliable altitude for some known and easily identified point in
the bed of the valley, a barometric station was established near Barnard’s, on a level with the Upper
Iron Bridge over the Merced at that point, and a series of observations taken extending from October
4 to Octeber 12, 1878. A second series éxtending from June 9 to June 12, 1879, afforded a check upon
the first. Referring these to the synchronous observations of the Signal Service office at Sacramento
(76.3 feet above sea), reducing by Williamson’s formulz and combining the results, gave 3,934.3 feet as
a final value for the altitude above sea of the floor of the Upper Iron Bridge. In like manner inde-
pendent sets of observations taken in the lower portion of the valley gave 3.924.6 feet for the floor of
the Lower Iron or El Capitan Bridge.

Base lines measured in the vicinity of these two bench-marks afforded a number of good points
of view from which, by angulation, data were secured for the altitudes of nearly all the important
points in the walls of the valley, including Eagle Peak, Clond’s Rest, and others, from which it was
possible to extend the work to peaks of the High Sierra. .

It will be noted that these figures make the El Capitan Bridge only 9.7 feet Lelow that at
Barnard’s. As the distance between the two bridges in a straight line is about 3.3 miles, it results
‘that the average fall of the floor of the valley between these two points is only about three feet per
mile. For lack of time and meaus no line of levels was run to check this result, bnt it cannot be
greatly in error, as the current of the river between the points mentioned is sluggish, and no marked
fall in the channel was noted until the El Capitan Bridge wasreached. Here it was quite perceptible,

-
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L—SPECIAL LIST OF ALTITUDES OF POINTS OF INTEREST IN AND ABOUT THE
YOSEMITE VALLEY—Continued.

!
- Altitudes.

' Means
Points of interest - - - - Refercnce.  of
station. measure-
Above < Above ment.
valley. 'sea-level.
1. PRINCIPAL WATERFALLS—Continued. !
Ribbon (or Virgin's Tears) : Feet. ‘ Feet.
b PN . 3,081 7,006 L.B...qT.
POOL 86 00« e eee e e oot e e e e e e, 1, 449 . 5374 | L.B ... | C.
Sheer fall, 2,632 feet ; cascades and rapids, 1,449 feet; total, 3,081 feet.
Nevada: !
0 N e e 1,087 5921 |U.B....|C.
B0 70) B8 7 4o 1,370 ' 5,204 | U.B....| C.
Height of fall, 617 feet.
Vernal Fall:
0 A U PN 1,131 5,065 | U.B....| C.

Pool at foot .....
Height of fall, 336 feet.

795 4,729'U.B... C.

I1. CLiFrs AND POINTS OF NORTH WALL OF VALLEY.

- El Capitan: 2 O
Rounded SUDMMIt. - oo i e iie e et 3, 561 7,486 L.B...|T.
South edge of cliff. ... .. i 3, 087 7,002 L.D... |7

and for the same distance below it (3.3 miles) the average fall is about 128 feet per mile by barometric
data. lrom the above it will be seen that the gently sloping floor of the valley lying between the
above-mentioned bridges makes a natural plane of reference for the various cliffs, domes, and falls.

In the subjoined list the altitudes refer, in the case of peaks or domes, to the highest points or
suminits; in the case of cliffs, to some easily identified point at or near the edges; iu the case of a
waterfall, to the lip of the fall and to the pool at the foot of the cliff. Asa rule the altitudes given
are the results of independent angular measurements from two or more of the well-determived stations
above referred to. In the case of points not well defined or not visible from such stations, barometric
results are given. At the time of using the barometer for the measurement of falls, the stage of water
was s0 low as to permit the observations to be tak-n at the lips of the falls and at the edges of the
pools at their feet, thus making a close approximation to the true altitude possible.

Should absolute values for the altitudes of the floors of the bridges mentioned be obtained at any
future time by means of levels of precision, it will be an easy matter to rectify the altitudes of all
points in the list referred to them by applying the proper correction. Thereference station is therefore
noted in each case. In the mean time the barometric values above given may be taken with consider-
able confidence, as they accord closely with other authoritative results for the altitude of the floor of
the valley. Colonel Williamson, in his Barometric Hypsometry, Part I, p. 23, gives 3,935 feet as the
result of his computation of Miss Sproats’ observations taken in October, 186-; and Professor Whitney
gives 3,947.5 feet as the final result of several independent series of observations taken in 1867 and 1873.

" (Sce hio Barometric Hypsometry, edition of 1874, p. 44.)
For convenience of reference the list has been subdivided as follows:
I. Principal Waterfalls.
II. Cliffs and Points of North Wall of Valley.

III. Cliffs and Points of South Wall of Valley.

IV. Domes and Peaks in the Vicinity of Valley.

V. Peaks of the High Sierra (from Tower Peak to the Merced Group).

Heights above sea as well as above the Yosemite are given. Under the heading ‘‘Reference
station,” U. B. stands for Upper Iron Bridge near Barnard’s, and L. B. for Lower or El Capitan Bridge.
TUnder the head of *‘Means of measurement,” T stands for trausit, C for cistern barometer, and A for
aneroid.
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1.—SPECIAL LIST OF ALTITUDES OF POINTS OF INTEREST IN AXD ABOUT THE
YOSEMITE VALLEY—Continued.

Altitudes. Means
Reference, of

station. | measure-
Above | Above : ment.

valley. |sea-level.

Points of interest.

II. CrLiFs AND POINTS OF NORTH WALL OF VALLEY—Continued.

El Capitan—Continued. Feet. Feet. .

Southeast corner of eliff ...... .. ... i 3,106 7,03l | LB ....| T.

] 3,127 7,052 ‘!
Westedgeof cliff......... ......ooiaiiias et eteacieeteaeei e to to |L.B. p.. T
1 3,359 7,284 j

Kai-al-au-wa:

1. First point west of Ribbon Fall ................ Cetecretenecarer et s 3,212 7,137 | L.B....[ T

2.. Second point west of Ribbon Fall ... ...ooieiiiiii i aiiiieaannss 3,332 7,257 | L.B....| T

3. Third point west of Ribbon Fall ... ..o i iiiiaiiaeivanan, 2,723 6,648 | L.B .. T
Eagle Peak (highest of * Three Brothers ™) ................. Ceasaraceaatenannarnn 3,817 7,751 [ UB...|T
Middle Brother ; ' 2,976 | 6,710 |[U.B....| T
Lowest Brother : 1,892 582 | U.B...|T.
Pom-pom-pe-sa (pyramidal rock southwest of Three Brothers)...ceeee.veenae.iaoe. 696 4, 630 l UB....iT.
Columbia Rock (on Eagle Peak trail) ...........cooooiiiiiiiiiainnnan. 1,083 5017 | U.B....] T
Valley View Point (on Eagle Peak trail). 1,124 508 UB....IT
Eagle Tower (point of cliff west of Eagle Peak trail)................... . 3,228 7,162 UB....| T
Yosemite Falls Flagstaff (on cliff west of fall). ............. ..ol 2,594 6,528 | U.B....| T
Lost Arrow, or Giant’s Thumb (Granite Needle, near Yosemite Cliff).. . 2, 846 6,780 | UB....| T
Yosemite Point (high cliff east of full).. .........o.. ool P L L TR T2,963 6,807 | U.B....| T
Le-sam-ai-ti Cliff (east of Indian Callon). ... .oiie .o i it iacaaiamaananns 1,626 5, 560 | U.B....| T.
Shade to Indian Baby Basket (west of Royal Arches) «ooo.veiiieiiieiiiiinieiannns 1,518 5452 | U.B....] T,
Washington Tower:

Southeastern eAge. ... ... .. iiitiniie e ieaeeteienieiieaaiaanananaaas 1,875 5809 | U.B....] T.

0T A1) 0T N 1,922 5,85 | U.B....| T.

III. CLIFFs AND POINTS OF SOUTH WALL OF VALLEY. )

Leaning Tower (south of Bridal Veil Fall). ... ... . it 1,905 5830 | L.B....| T.
High Point (south of Leaning Tower) ... oo iiiiieie e i s 3,288 7,213 | LB ....| T.
Cathedral Rocks (also called Three Sisters and Three Graces:)

LoWeSt POIIL b v v o eeee i aeee ittt ceaeee e cian mreameaaaan - 1,635 5,569 | U.B....| T.

Middle point. .. . . 2, 593 6,527 | U.B....; T.

Highest ..c...... .- 2, 697 6,631 | U.B....| T.
Cathedral Spires (highest) 2, 000 5934 0UB... | T
Cliffs sontheast of Cathedral Rocks and sonth of Cathedral Spires: .

) 1 P 2, 697 6,631 | U.B....| T.

R T AT 2,868 | * 6,802 UB....| T.
Tligh Spire south of Cathedral Bridge..eeeeoaoenoeeoeeeiieaii et iiiaiaaeen 2,884 6,818 | U.B....| T.
Profile (or Fissure) Clff. ... ... oo iiii i ie el eecceeeebamaa— 3, 500 7,425V LB ....| T.
The Sentinel . .ocveeeeneennnns e et et eeeeanieeeetaeanasaanaaeeaaeanmeonaaan 3,071 7, 005 ,‘ U.B....|T.
Uuion Point (rock) ..oceeevioeeeeiannn.. eeeeceinaas [ e 2, 356 6,290, U.B....| T.
Glacier Point (Jutting Toek) ....oeiomieni i i ieeee e 3,277 7,211 fos...]T
CHLff southwest of Register Rock (opposite Grizzly Point)......cceveencvenaaaaen. 2,498 6,432 I U.B....|T
Cascade Cliffs, Little Yosemite Valley:

West Cliff. 7,728 | U.B....[T. -

East Cliff. ....... 8,084 | U.B....{ T.

IV. DOMES AND PEAKS IN VICINITY OF VALLEY.

Svuth Dome (base of flagstaff at summit) . 4,889: 8823 | UB....|T.

Upper buttress to northward .........- e e 4 185 ' 8119 U.B... | T.

Lower buttress, or Awaiz Point. . ccoae e iiiiiiiiioiiiiii i iaaaans 2,086 6,920, U.B...|T.
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I.—SPECIAL LIST OF ALTITUDES OF POINTS OF INTEREST IN AND ABOUT THE
YOSEMITE VALLEY--Continued.

Altitudes.
Means
Points of interest. - - Reference of
Above | Above statlon. | measure-
valley. | sea-level. ment.
IV. DOMES AND PEAKS IN VICINITY OF VALLEY—Continued.
Feet. Fect. ‘
B3 190 071V Y PP 3,591 7,525 | U.B....| T.
Basket or Mitre Dome (7;; mile northeast of North Dome) ...............ooooo... 3,670 7,604 | U.B....|T.
- Mount Watkins:
Rounded summit, DOTth ceeeeevennn e e i, R, 4,489 8,423 | U.B....| T.
Rounded summit, south... . 4, 266 8,200 U.B....{ T.
Clouds’ Rest:
Sammit ....oooiiiiiaal 9,912 | U.B....i T.
First pinpacle, southwest 9,462 | U.B....| T.
" Second pinnacle, southwest ... ... e 9,407 | U.B....| T.
Bluff §f; mile southward (west of Hopkins' meadow) ...............oooocoii )i, 9,118 U.B....| T.
Starr King:
Main Peak .. o.inen it ittt e iiiaiceereitere e iicenaan s 5,146 9,080 , U.B....| T.
Dome {7 mile northwest......... e rmeseeiebeeetanene e eaaaarttaes sannan 4,637 8,571 { U.B....| T.
Domo s mile 80utheast .voaen oo i it ettt et ceeeeiaaaes 4,893 8,827 | UB....[T.
Dome % mile 80utheast . .ceveere oo e 4, 661 8,595 1 U,B....| T.
L 30 8 9513 ¢ 2 5,128 7,062 | U.B... | T.
Mount BrodericK. .oonee. oo et e 2,701 6,635 | U.B....|T.
Grizzly Point . . 2,272 6,207 | U.B....| T.
Sentinel DOmIe . .ot ettt ireeere e e e 4,188 8122 U.B....| T.
Ostrander’s Rocks: .
4 o 1 heierieeeaeaans 4,208 8142 U.B....|T.
South ... 4,223 8157 | U.B....| T.
XKai-al-au-wa Hill (head of Ribbon Fall Brook) 5, 035 8969 U.B....|T.
V. PeaKs OF THE HiGH SIERRA FROM TOWER PEAK TO THE MERCED GROUP. !
Tower Peak (northern part of Tuolumne Basin) e 7,785 11,719 l U.B....|T.
Matterhorn (one of the crags in Tuolumne divide at head of Twin Lake Cation). .. 8,326 12, 260 ! U.B....|T.
Conness Peak coooonuiien il Lheeeretmmacsectaceseeassnnatananarronas 8,618 12,552 | U.B....| T.
Warren Peak .cevuiveimarieiaa i cietceiaceaiecccecaaneiaaaa. Cemerieeeiieenes 7,847 12,281 { U.B....| T.
B 0N L T T 1 9,109 13,043 | U.B....| T.
Hoffmann Peak . ... oo ovieimiiiiiiiiiiiiean e eeaamenseenatan e meenene 6, 900 10,834 | U.B....| T.
Ten-ai-ya Peak (south of Lake Ten-ai-ya)...c...ooioioiiiiiieiiillls 6, 370 10,304 | UUB... | T.
Cathedral Peak. . .. ocoi it eaaa e aciaceceareaaaaas ereeieeeaas 6, 986 10,920 | U.B ....| T.
B OC] DY J0 - - 7,250 11,184 | U.B....| T.
MeClure Peak. oottt e et eieeaima ietacceaciiaceaae s 9, 041 12,975 | U.B... | T.
Lyell Peak. ... 9,170 13,104 | U.B... | T.
Ritter Peak . .. ... 9,196 13,130 | U.B.._..| T.
Minarets . o...eeinn e ieciiiieiecaeeaaaeaa.. .. 8,332 12,266 l U.B....|T.
Clark Peak (northwest end of Merced Group) 7,578 1 11,512 U.B... | T.
Gray Peak .. oneie it e, 7,620 | 11,554 'T.B....| T.
S O - 1 < 7,752 11,686 | U.B....| T.
Merecd Peak (culminating point of Merced Group).....covveiiinniuiiiieiannan. .. 7,774 11,708 | U.B... | T.
PEAKS OF THE WHITE MOUNTAIN RANGE, NEAR CALIFORNIA AND NEVADA STATE l
LINE. i
MecBride Peak (oorthern extremity of White Mountains, 50.55 miles eastward of '
b T L T S PP 9,481 | 13,415, U.B....| T.
White Mountain Peak (culminating point of White Mountains, 56.23 miles east- '
ward of Lyell Peak ..o e it iieee it iiieeciaaaaeaa 10,311 ‘ 14,245 | U.B....| T.
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IL.—CONDENSED TABLE OF DISTANCES FROM BARNARD’S, AT THE UPPER IRON BRIDGE,
TO VARIOUS POINTS IN THE YOSEMITE VALLEY AND ITS VICINITY.

Note.—The subjoined list of distances to various places npon the principal roads and trails presents
in a condensed form information of interest and value to visitors to the Yosemite Valley, as well as to
permanent residents. The distances are based upon odometric measurements taken by parties of the
Survey in 1878-"79, when all the important roads and trails were meandered.

Through the courtesy of Mr.J. M. Hutchings, when guardian of the Valley, bearings and distances
were furnished which gave the location upon the map of the more recently constructed pieces of road,
known as Meadow Avenue, Tisseyak Avenue, and Pohono Avenue, also of a number of new bridges.
The distances, as given in the list, are over roads and trails which will be in use for years. Several new
trails-are now (1886) completed or in course of construction; notably a route from Glacier Point to top
of Nevada Fall via the Tululawiak (or South Branch) Fall; Anderson’s new trail to Vernal Fall via
the north bank of the Merced; and a trail from the Yosemite Fall to and down Indian Caﬁon; but
for these this office has no data. Barnard’s, at the Upper Iron Bridge, has been taken as an initial
point on account of its central location, towards which all the principal roads converge.

TABLE OF DISTANCES.

Altitudes.
Distances
Names of points. from
Barnard’s. | Above val- | Above sca-
ley. level.
From Barnard's to— Miles. Feet. Feet.
Artist Point, Madera Road ............ R 5.85 725 4, 650
Bridal Veil Fall, Madera Road, opposite t0 .........cuiiiiiiciiiimieniiaaiiiiunna, 4.04 {ooeiiniii e,
Black Springs, Coulterville Road:
via Meadow Avenue and Yosemite Bridge.........oooiimmeiiiiaa il 4.86 |-ccuiiieann]emaias ceneen
via Cook's and Folsom Bridge .......oocouveeei it i iiiiaiieiaan e, ) U O
via South Road and El Capitan Bridge.............. R samesmmaysasrenaacraienas C4T0 [ teeenn
Cascade Falls, Coulterviile Road : ’
via Meadow Avenue and Yosemite Bridge.........occuoiiiiiemniiniannna.. 800 |....coannon. 3,338
" via Cook’s and Folsom Bridge - cccoueuriiariint iii i iiacraaaeaeans K T PO P,
via South Road and El Capitan Bridge. . 7.84
Cathedral Spires Bridge, northeast Cathedlal Spires, on South Road .............. 2.44
Chalybeate Spring, Mirror Lake Road............. RN 2.45 (.
Columbia Rock, Eagle Peak Trail couceeeeeniiiennoiaiiiiaeiiaeiciiiiananecnnna, 1.98
Cook's Hotel ......coovvieaiiniianny e aeacesaecaeacensatteenaaanas 0.77
Clouds’ Rest, summit via old trail to Revlster ROCK . .eomiiii e 11.83
Eagle Meadow, Eagle Peak Trail .occoeuieiiiaaneiiiiiianan. et 5.46 3,137 7,671
Eagle Peak (SUMMI) .....onnnet oottt Dt et e aaanas 6.36 3,817 7,751
E] Capitan Bridge (opposite to) via South Road .......... .oc.ccooiiiiiiiniianat. 3.63 |ceeiiennannn 3,925
Folsom Bridge ..coee oo it feeesseseanenneaas .50 |.oeiiniann. 3,930
Forks Coulterville and Big Oak Flat Roa(l.s, north of El Capitan Bridge:
via Cook’s and Folsom Bridge oo ieioiooit i iiiiiiiceeniciaceaaaean kA2 N O 3,944
via Meadow Avenue and Yosemite Bridge......oooeoieaaieniiiiiiiaiiannn. B.99 oo e
via South Road and El Capitan Bridge. .....cooooiiiliiimiiieiniaaaaenann. 3.83 e e
Glacier Point, by trail 4.45 3,277 7,211
Harris’....veeveeieao.. . DU T 20 PP PR
Hopkins’' Meadow, Clouds’-Rest Trail via old trail to Snow’s 9.80 |.cviiiinei]eenienan ove-
Indian Camp, west of Folsom Bridge:
Via Leidig's . ooiunie et i iieiiaes deetececcntanaasiaareeaeannas 1.59
Vit MeadoW AVEIUO. - .. e oeie ettt a e et et aeaeeeee e enactaeaeanas caenns 1.84 |
Indian Cafion Bridge. . ... eou.eeouete e maiaaee et iacaeaaeeammreencanaanas 0. 65
J LT < 0] ) 107 | ce ceeecee | oe ee eeeas
Lyell Peak, by trail.. .. ... i e 38.20 9,170 13, 104
Lyell Camp, head of Tuolumne Meadows on Lyell Creek ......... cooeeeeaecennnn. 32.56 5,084 9,018
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TABLE OF DISTANCES.

Altitudes.
_ Distance
Names of puints. from
Barpard’s. | Above val-| Abovesea-
ley. level.
From Barnard's to— . : MMiles. Feet. Feet.
Mujrror Lake:
via Meadow Avenue.. 2. 86 162 4, 096
via Tisseyak Avenue ................ . [ 7 O T PP
New ** Inspiration Point,” Madera Road..coc.eioiiomininiioiiriiiiiicinicennann. 7.24 1,440 5,365
Nevada Falls (top) via old trail to Snow’s.....coivieiiiiiiiai et 5.45 1,987 5,921
Pohono Bridge:
via Meadow Avenue and North Road. ... ..ol eenaa 5,40
via Folsom Bridge ... oot i i i e iiiiaaieas aeanen 5.15
via South Road and Bridal Veil Falls........... . . 5.17
River View via Folsom Bridge and North Road 4.86
Register Rock (in Cafion of Merced, on old trail to Snow’s) . 3.25
KRocky Point (at foot of *‘ Three Brothers,” on North Road)......coc.vacmenianl. 1.44
Sentinel Dome summit......... e aeetemeemtasmasiceeceaaeaneaaareannd S 5.57
Snow’s Casa Nevada Inn, via old trail .... 4.64
South Dome, top, via old trail to Snow’s 10. 00
Tenaiya Bridge (over Tenaiya Creek, south of Washington Tower)...ce.vo-eeene. 2.20
Tissoyak Bridge (over Merced River, south end Tisseyak Avenue)... . 2,06 |...

Tululawiak Bridge PR 2.63
Union Point .. ccovnomiiniiiiaes .- 3.13
Valley View (or Transport) Point 2.42
Vernal Fall, foot of, via old trail to Register Rock 3. 50
Yosemite Bridge - ..ceueoeiiiiiieniiii i e 0.48

Falls (top of upper, at Flagstaﬂ‘ N 4.18

Falls (1006 0f UPPEOT) .ot it iie it iareaeienaeaaman, 2.85

Falls (foot of lower) by road ...cocverinmiieieniieeiananns Veaertoreonnsaneenn 0.88

ROUND TRIPS.
From Barnard's—

To Mirror Lake via Meadow Avenue and return via Tisseyak AvenUe. ....cciieciinmrioceronennionnvanceennaan
Through Tisseyak Avenue and return, omitting Mirror Lake..........cooi oo il
-To Pohono Bridge via Meadow Avenue and North Road, and return via South Road....
Grand circuit of the Valley via Meadow, Tisseyak, and Pohono Avenues.. iteeanaee
The same, including Mirror Lake and Cascade Falls........o oottt cieeie et

The study of the Laramie in the Trinidad coal fields has led to a very
important contribution of much economic interest by Professor Stevenson,
showing the continuity of the Laramie coal beds, proving to this extent
their general resemblance to the coal beds of the Carboniferous strata or age.

COLLECTIONS.

The only natural history collections of the year were made by Profes-
sor Stevenson in the mountain region east of the Ric Grande and between
the latitudes of Fort Garland and Santa Fe, and consisted of a number of
invertebrate fossils and fossil plants and specimens from 26 distinct coal




SUMMARY OF RESULTS. 137

beds. The topographic results of the season are found on published sheets
Nos. 52 D, 56 Band D, 61 B and D, and 62 A and C, and also on the
original platting sheet of the Great Salt Lake and vicinity.

FINAL SUMMARY.

Although this work was projected simply as a first survey during the
initial stages of settlement of the region penetrated, looking to a resultant
topographic map, to be speedily available for military administration and
operations ag its primal object,” the whole limited in means, men, time,
and money, nevertheless, there has been an outcome also from other fields of
observation, among the total of all of which the fb]lowing may be briefly
summarized:

Square miles.
Total area west of one hundredth meridian (see progress
and annual reports and rectangle map accompanying Ap-

pendixE) .. ... ol L " 1,443,360
Mountainous portion of same west of the Great Plains (ap-

proximately) ...... ... el 993, 360
Surveyed topographically of above mountainarea............ *359,065

Topographic maps of same, published in 50 atlas sheets (cach

19 by 24 inches), on seales of 1/ = 8 m., or 1:506,880; 1/ =

4 m., or 1:253,440; 1 =2 m., or 1:126,720; 1” =1 m., or

1: 63 ,360; 1/ = % m., or 1: 44,440 ........................ 326,891
Part of abowe area surveyed but not issued in regular atlas

sheet form (original data reduced.upon partially completed

plotting sheets). .. .... ... ... ..l il 32,174
Regular topographic atlas sheets of above scales 1ssued (19 4

by 24inches).... ... . .. L. ..l 50
Regularland 01.1551ﬁcation atlas sheetsissued (19 by 24 inches), "

(embracing 134,653 square miles) ..... ... ... ... ...... 30
Regular geological atlas sheets issued (19 by 24 inches) (em- -

bracing 129,841 square miles) -..... ... . ... ... . o... 11
Special and mlscellmmous maps issued (Varlous sizes and

scales) (not accompanying reports) ... ... ...o.....L. 19
Special maps issued (various sizes and scales) (accompanymg

=) 40 i 7 L 54
Total maps of all kindsissned.... ................... .... 164
Total number of publications of all kinds issued (15 quarto,12

annual reports, 14 special and miscellaneous). ............ 41

* NoTe.—Field-plots for all of above are in contours, while final published maps are Dboth in
hacbures and contours.




138 U. 8. GEOGRAPHICAL SURVEYS WEST OF 100TH MERIDIAN.

GENERAL GEOGRAPHICATL RESULTS.

Observations and delineation of the physical details of 143 mountain
ranges, 103 groups of mountains, and 36 plateaux, within the limits sur-
veyed topographically, from among 161 ranges, 196 mountain groups, and
41 plateaux for the entire western mountainous area.

Discovery and naming of the great Colorado Plateau in 1869 and 1871.

Securing the principal part of the data necessary to a final classification
of the mountain and plateau systems of the western mountain region.

Topography of 124,300 square miles of the Great Interior Basin (total
area, 208,600 square miles) secured, and 1,925 out of 2,775 miles of its
perimeter traced and definitely located, including its northwestern and south-
western portions. ' | '

The position and general profile determined of 840 miles of the Conti-
nental Divide.

Special exploration of the Colorado of the West to the head of naviga-
tion, and its Grand Canon to the mouth of Diamond Creek. '

Determination of the limits and extent of the Great Interior Basin, in-
cluding Death Valley, the Amargosa Desert, and the Colorado and Mohave
River Basins. :

Special examination of the Colorado River of the West, from Stone’s
Ferry to Fort Yuma, with a view to its diversion for purposes of irrigation.

Specially accurate topographic surveys of Lake Tahoe and vicinity
and Yosemite Valley (including much hypsometric detail) and its approaches
(see special maps). Special typical contour Survey of the Washoe mining
region. ’ . .

Determination of passes of western, northwestern, and southwestern
rim of the Great Interior Basin and of the Continental Divide from fortieth
parallel north latitude to Mexican boundary.

Preliminary location of southern portion of eastern boundary between
Nevada and Utah in 1869.

Preliminary exploration of north and south railroad lines crossing the
Colorado River at the mouth of the Virgin River and at foot of the Grand
Canon. '
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Location and extent of great forests in Eastern Arizona and Western
New Mexico. L

Determination of heights of 395 peaks (with names, many of which are
new) above 10,000 feet, and of 754 others (with names) between 5,000 and
10,000 feet in height. :

Location and profile of 202 mountain passes (26 of same belonging to
the Continental Divide,and 79 to the western rim of the Great Interior Basin),
and meander of not less than 90 rivers and thousands of minor streams.

Exploration and underground measurement of 4 caves in Nevada and
New Mexico. |

Meander of 21 lakes (including Great Salt Lake).

Exploration of the Grand Canon of the Colorado, the Cafion de Chelle,
and others, also surveys about the Great American Falls of Snake River.

~ Discavery of north and south routes, especially from California, Ne-
vada, Utah, Wyoming, and Colorado to Arizona and New Mexico, also from
California and Nevada to the Valley of the Columbia.

Discovery and measurement of levels below sea with determination of
limits of special Death Valley Basin.

Determination of non-existence of ‘“Preuss Lake,” found on current
maps of 1869, along eastern boundary of Nevada.

Determination of evaporation about Great Salt Lake.

Measurement of volumes of 7 principal streams with reference to water
supply and irrigation.

Observations for land classification for an area of approximately 175,000
square miles.

Topography and partial land classification of 33 Indian (including 19
pueblos) and 32 military reservations, with geogiaphic co-ordinates of seven
others. .

Landscape and stereoscopic photographs of mountain forms and Colo-
rado Canon and other physical details.

Connection made with all land survey stakes wherever found, with
results permanently recorded on unpublished plotting sheets.

Invention and introduction of the modified secant conic projection, ac-
complishing a minimum of distortion in azimuth and distance, and the con-

joining of sheets.
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The introduction and development of land classification, commencing in
18172 (see Chapter V.)

Fifteen regular atlas sheets issued (1” =8 m.), embracing 261,232 square
miles; thirty-four quarter atlas sheets (1’ =4 m.), embracing 146,026 square
miles; one subquarter atlas sheet (1 =2m.); also Colorado Cafion map,
scale 1” =6 m.; of Lake Tahoe region 1’ =% ms.; Yosemite2’ = 1m.,; and
of the Washoe district, scale 1’ = 1,500 feet, the three latter as special types.

. Contributions to the theory and practice of the determination of field
astronomlc latitudes and longitudes and barometric hypsometry appear in
Vol. II, quarto series. .

Published latitudes and longitudes (other than those contained in this
volume) found in part in Vol. II, Astronomy.—Ast. Report, 1874—Prelim-
inary Report of 1869.—Distances, &c., 4°, 18712—Special Volume, royal
8 vo., and Annual Reports of 1875-"76-"77-"18-79 and ’80.

Vertical limits of timber on various mountain ranges ascertained.

Invention of apparatus for determining absolute personal equation (see
p. 475, Vol. II). :

Improvements in the portability, telescopic, and microscopic power of
triangulation instruments.

Determination of the mean declination for 1875 of 2,018 stars.

The preparation, issue, and use of special forms (45 in number) for
astronomic, geodetic, trigonometric, barometric, topographic, and other ob-
servations and their reduction.

. - A trigonometric basis for the Survey with initial pomts measured and
developed bases was established in 1873.

Hourly barometric observations at many reference stations made and
reduced.

Determination of altitudes, reports upon, published in part in Vol. 11,
special volume royal 8vo, and Annual Reports for 1875-"76-"77-"78-79
and ’80. ,

Geological reconnaissance of an area of not less than 221,500 square
miles.

Determination of the extent and correlation of the geological forma-
tions for the above with new geological facts and conclusions; of the ex-
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istence of fossil remains widely distributed; and of glacial and volcanic action
and phenomena. '

Determination of the limits in area within which the search for the
precious metals may be successful.

Special contributions to the origin and: building of mountains, the
structure and age of ranges, to glaciation, the existence of precious and eco-
nomic minerals, opportunities for artesian wells, also to economic geology,
age of coals, distribution of lava, and the presence of borates at new locali-
ties east of the Sierra Nevada in the Great Basin.

Special chapters relating to the geological phenomena found upon the
Colorado Plateau, in the Grand Canon of the Colorado, the Basin Ranges,
the Cordilleras, the Sierra Madre, and San Juan Ranges of the Rocky Mount-
ain systems, &c. :

Not less than fifty thermal and mineral springs dlscovered .of which
twenty-seven were analyzed.

Old “Lake Bonneville” outlined and partially investigated.

"Location and examination of 219 minihg districts.

One new mineral substance discovered, analyzed, and named.

Not less than 31 new species of vertebrates from the Loup Fork and
many others from the Eocene, and 63 of invertebrates discovered, described,
and their geological and other relations established.*

In zoology, from the very large and rare collection of birds only one
was of a new species, while of reptiles there were eight, fishes thirty-two,
mollusca one, and insects sixty-four, from the extremely valuable and rich
collections, with many specimens of species exceedingly rare, though
not new.t '

* The identification and description of these new species by Prof. E. D. Cope and Dr. C. A. White
may be found in Vol. IV, quarto reports, and Appendix to Vol. IIl (Suapplement), Geology. .
+ Messrs. Yarrow and Henshaw have kindly prepared the following list of new species in zoology :

BIRDS.

Aphelocoma insularis Henshaw, Santa Cruz Island, Cal., 1875. H. W. Henshaw.

REPTILES.
Bufo pictus Cope. Utah, 1872,
Spea stagnalis Cope. Utah and New Mexico, 1874,
Rana onca Cope. Utah, 1872. H. C. Yarrow. '
Chilopoma rufipunctatum Cope. Southeru Arizona, 1874, H. W. Henshaw.
Eutwnia plutonius Yarrow. Arizona, 1871.
Sceloporus jarrovii Cope. Southern Arizona, 1874. H. W. Henshaw.
Sceloporus tristichus Cope. New Mexico, 1874. 'W. G. Shedd.
Sceloporus smaragdinus Cope. Utah and Nevada, 1872, H. C. Yarrow.
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In Volume VI (Botany) is found the enumeration or description of 104
orders, 637 genera, and 1,657 species from the Survey collections, and not
a few of which are new.

FISHES.

Plagopierus argentissimus Cope. San Luis Val., Col., 1872.

Lepidomeda vittata Cope. Col. Chiquito River, Ariz., 1873.

Lepidomeda jarrovii Cope. Col. Chiquito River, Ariz., 1873, H. W, Henshaw.

Apocope henshavi Cope. Provo, Utah, 1872, H. C. Yarrow and H. W. Henshaw.

Apocope couesii Yarrow. Camp Apache, Arizona, 1873. H. W. Henshaw.

Apocope ventricosa Cope. Arizona and New Mexico, 1873. H. W. Henshaw.

Alburnellus simus Cope. San Ildefonso, N. Mex., 1874. E. D. Cope and H. C. Yarrow.
Alburnellus jemezanus Cope. San lldefonso, N. Mex., 1874. E. D. Cope and H. C. Yarrow.
Ccratichihys physignathus Cope. Arkansas River at Pueblo, 1874. C. E. Aiken.
Ceratichthys sterletus Cope. San Ildefonso, N. Mex., 1874. E.D. Cope and H. C. Yarrow.
Hypsilepis iris Cope. San Ildefonso, N. Mex., 1874. E. D. Cope and H. C. Yarrow.
Hybopsis timpanogensis Cope. Utah, 1872. H. C. Yarrow and H. W. Henshaw.

Gila phlegethontis Cope. Beaver River, Utah, 1872. H. C. Yarrow and H. W. Henshaw.
Gila tenia Cope. Provo River, Utah, 1872. H. C. Yarrow and H. W. Henshaw.

Gila ardesiaca Cope.

Gila gula Cope. New Mexico, 1874. H. W. Henshaw.

Gila nigra Cope. Arizona, 1874. H. W. Henshaw and J. T. Rothrock.

Gila seminuda Cope and Yarrow. Southern Utah, 1872, H. C. Yarrow,

Siboma atraria var. longiceps, Cope. Utah, 1872, H. C. Yarrow.

Myloleucus parovanus Cope. Beaver River, Utah, 1872, H. C. Yarrow and H. W. Henshaw.
Hyborhynchus siderius Cope. Camp Lowell, Ariz., 1874. J. M. Rutter.

Hyborhynchus nigellus Cope. Pueblo, Colo., 1874. C. E. Aiken.

Campostoma aikenii Cope. Pueblo, Colo., 1874. C. E. Aiken.

Dantosteus platyrhynchus Cope. Provo River, Utah, 1872. H. C. Yarrow and H. W. Henshaw.
Pantosteus jarrovii Cope. New Mexico, 1873. H. W. Henshaw and H. C. Yarrow.
Pantosteus virescens Cope. Pueblo, Colo., 1874. C. E. Aiken.

Catostomus alticolus Cope. Twin Lakes, Colo., 1873. J. T. Rothrock.

Catosiomus fecundus Cope and Yarrow. Utah Lake, Utah, 1872. H. C. Yarrow and H. W. Henshaw.
Mozxostoma trisignatum Cope. Pueblo, Colo., 1874. C. E. Aiken.

Haplochilus floripinnis Cope. Colorado, 1873. H. W. Henshaw and J. M. Keasby.
Uranidea vheeleri Cope. Beaver River, Utah, 1872. H. C. Yarrow and H. W. Henshaw.
Syllaemus latifrons (fossil) Cope. Colorado, 1874. W. L. Marshall.

INSECTS.

Trogus mellosus Cresson. New Mexico, 1874, T. V. Brown.

Agama nitida Cresson. Colorado, 1873. C. W. Whipple.

Agama albipes Cresson. Nevada, 1872. H. C. Yarrow.

Myzine frontalis Cresson. New Mexico, 1874. H. C. Yarrow.

Ammophila yarrowi Cresson. Pueblo, Colo., 1874. H. C. Yarrow.

Stizus nevadensis Cresson. Nevada, 1872, H. C. Yarrow.

Eumenes coloradensis Cresson. Colorado and New Mexico, 1874. H. C. Yarrow.
Fespa occidentalis Cresson. Nevada, 1872, H. C. Yarrow. New Mexico, 1873, H. W. Henshax,
Halietus trizonatus Cresson. Nevada, 1872. H. C. Yarrow.

Agopostemon meliventris Cresson, Colorado, 1872. H. C. Yarrow.

Nomia nevadensis Cresson. Nevada, 1872. H. C. Yarrow.

Eunomia marginipennis Cresson. Colorado and New Mexico, 1874. H. C. Yarrow
Megacilissa yarrowi Cresson. New Mexico, 1874. H. C. Yarrow.

Melecta thoracica Cresson. Eastern Nevada, 1872. H. C. Yarrow,

Melissodes nevadensis Cresson. Nevada, 1872. H. C. Yarrow,
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It contains also contributions to economic botany and geographical
distribution of vegetable life.

Bombus nevadensis Cresson. Eastern Nevada, 1872. H. C. Yarrow.
Aphaenogaster sp. nov., Camp Hill, 1874. J. H. Rutter.
Lithurgis apicalis Edw. Colorado and New Mexico. H. C. Yarrow and C. E. Aiken.
Nomada grandis Edw. Colorado. H. C. Yarrow.
Argynnis hesperis Edw. Colorado.

Argynnis nitocris Edw. White Mountains, Ariz., 1873. H. W. Henshaw.
Argynnis nokomis Edw. Arizona, 1871,

Argynnis nausicae Edw. Rocky Cafion, Ariz., 1874. H. W. Henshaw.
Synchloe crocale Edw. White Mountains, Ariz., 1873. H. W. Henshaw.
Gyrocheilus tritonia Edw. White Mountains, Ariz., 1873. H. W. Henshaw
Apatura leilia Edw. Camp Lowell, Ariz., 1874, H. W. Henshaw.
Satyrus wheeleri Edw. Arizona, 1873.

Thecla siva Edw. Fort Wingate, N. Mex., 1874. H. W. Henshaw
Lycana melissa Edw. Colorado, 1871. :

Lemonias cytherea Edw. Arizona, 1873, H. W. Henshaw.

Catacola editha Edw. Sonoita Valley, Ariz., 1874. -H. W. Henshaw,
Euchaetes elegans Stretch. Owen’s Valley, Cal.

Leucartica albida Stretch. Owen’s Valley, Colo., 1875. H. W. Henshaw.
- Arclia docta var. arizonensis Stretch. Arizona.

Arctia yarrowii Stretch. Arizona.

Lasia klettii Osten-Sacken. Camp Apache, Ariz., 1873. F. Klett.
Bembidium nevadensis Ulke. Nevada.

Dasytes ruficollis Ulke. Nevada.

Epicauta wheeleri Ulke. Arizona.

Lytta lugubris Ulke. Owen’s Valley, Cal.

Crossidius intermedius Ulke.

Lioderma viridicate Uhler. Colorado. J. T. Rothrock.

Scolopocerns sccundarius Uhler. Gila River, Arizona. O. Loew
Megalonotus sodalicius Uhler. Colorado, Nevada, Oregon.

Miris instabilis Uhler. Colorado. J. T. Rothrock.

Hadronema militaris Uhler.

Calocoris superbus Uhler. California. F. Bischoff.

Corisa disperse Uhler. California. F. Bischoff.

Mantis wheeleri Thomas. :

Pedioscerletes nevadensis Thomas.

Syrbula fusco-vittata Thomas. Lower Arizona, 1874, FH. W. Henshaw.
Oedipoda hoffmanni Thomas. Arizona, 1871. W. J. Hoffman.

Oedipoda wheelerii Thomas.
- Oedipoda utahensis Thomas. Utah.

Oedipoda sparse Thomas. New Mexico..

Eremovia magna Thomas, Lower Arizona, 1874. H. W. Henshaw.
Pezotettix oregonensis Thomas. Oregon. J. Haldeman.

Pezotettiz marshallit Thomas. Southern Colorado.

Pezolettiz humphreysii Thomas. Southern Arizoua, 1874,

Caloptenus yarrowii Thomas. .

Acridium shoshone Thomas. Nevada, Arizona.

Acridium albolineatum Thomas. Arizona? 1873.

Steiroxys hermanii Thomas. 1873,

Steiroxys bilineata Thomas. San Carlos, 1874. H. W. Henshaw.

MOLLUSCA.

Anodonta dejecta Lewis. Arkansas River, west of one hundredth meridian. H. C. Yarrow,
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The numerous archzological and ethnological collections from vicinity
of Santa Barbara, California, from Pueblos in Arizona and New Mexico,
and certain interior tribes, are mentioned and described in Volume VII of
the quarto series, which contains also notes upon human crania and skele-
tons and 40 vocabularies of languages and dialects of as many nomad and
village tribes.

The following is a list of the various lots and specimens forwarded by
this office through the Smithsonian Institution to the National Museum,
their practical importance to the Survey having ceased with the examina-
tion and reports made thereupon. This list has been compiled from the
records of this office and those of the Smithsonian Institution so far as the
latter have been available:

|
Subject. Tori. Sone. | Toms 1658, b | Siner [rens [her e nsan Saen | Tk otan

S l .
Rocks :

Specimens . ..ooeiiiiiiiiiiii e[l PR IS IR I 2,494 (1,920 .. .. (... ..., 4,415

Boxesorlots. .. ....... e L P PO P P e 9]...... 2 2 13
Minerals, ores, &c.:

Specimens .. ...ouoeiianneeennoeeen e e e 1,993 11,813 |.cooofiii] Ll 3, 806
Vertebrate fossils:

Specimens ... e e e el 500 [ ool e it *500 {...... [P 1,000

Lots or boxes. .coue...... F S Y FErU R P ) U O PR I, -3 N U DD 9
Invertebrate fossils: .

Lots oeeii e R FETTTES PSRRI, IO DU B 10 oo oLl 10

Specimiens ..........cce.ouna... 126 1,426\ 1,566 [ 250 {...... R R 2,159 |1, 100 | ool o... ] 6,627
Mammals :

Specimens .............. ... 9 21 1351 52| 43 10 |...... A6 | et S PP 286
Birds and mammals (alcoholic) :

Specimens ... o020 L35 PP PR IR R R 30
Mammal crania: | ‘

Specimens ........oooooiiiiii |oeio i : 37 3 18 P P IS SUURN IR TN I 60
Birds: | !

Specimens .....c.o.iauiiani.... 60 | 522 G659 {1,055 | 793 150 ..., 6L 470 ... )...... 31 | 4,101
Birds’ nests: |

Specimens .................o bl 10 20 [0 PR PN P 1) e 55
Birds’ eggs:

Specimens ... ................ 12 20 , 193 11 L O P KE5: 1N (S DR PO DU 968
Birds’ crania (sterna, &c.): '

Specimens ......co.oiiiiiiiiiiifoannn. 4, 31 22 9 b2 P IO O EPUUTE IR I 68

- Birds’ skeletous:

Specimens ...... ..o ]l [ 20 TR (SR RN FUDURN [N R AU ST R 4
Bird-embryos:

Specimens ............. PP N D S e -2 PUPPRUDRN U [ [T FUUUUT FURDRRY P 5
Reptiles (batrachians): - ! '

Specimens -......oeoiiian... 135 | 550 950 | 750 { 730 83 ). LD o1 PRI U B, 3,230

7 27| 100 192 | 10 153 8 eeeee a6 2| 3l 680
Fishes: ) ‘

Specimens .......cceveueen.....t 15 975 830 €30 ' 800 350 [......! 400 16 1 3,857

LotS oo, f 3 1 48 ; w o om ) one ael Fas 2! o l ............ 455

[ i t {
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| - | I
Subjeot. ‘I's%i‘in's%: Yo, Xs74’| 75, ie76. | ist.| v | Ts7o.| Tsas| ssas.| Tsad, Total.
Coleoptera (beetles): J
100 | 4,500 4,200 (1,200 13, 300
5 240 { 211 18 643
Orthoptera (grasshoppers): i |
Specimens ) Lo AR PP N (1511 R PR cee--af 1,150
LotS - eeenneinnaneaannn bL: 3 DR IR SR IR 66
Lepidoptera (butterflies) :
Specimens . .....oooemiieiiiiiiaii]eeneas 288 [.cunen [:1°x 2 (RPN I (R P PR [ PO <771
LObS - cuerenenncaeennas SR IS JUN B T N 162 |-.... PR SRR (RS ISUUIUON DRURURE IO IRt 306
Hemiptera:
13741108 10 T3 1 - PR PR PR PO ) P S P P : 21 SO R PN A 3
5 i e P e D b I PR O PR P
Diptera and Neuroptera (flies):
Specimens ceen 50.
B 747 £ . - .. 13
Hymenoptera (bees and wasps) : ;
Specimens .............. . 1,291
Lot coeeeiaeeieaes cees 49
Arachnida (spiders):
Specimens . .....ceimmiiiiiinianaa s 250 |...... 100 fooeeeiedonrae]iaeniafommans]ianans R P 350
73] RN PORPPRI PP 26 |...... b () UG TORN R RPN PPN I DR PO 42
Mollusca (shells) : .
Specimens . ...ooeuiomiinaieea]icana|inann. 600 | 250 (1,000 150 |...... 80 {oeeeefoaenae]oaanc]eannan 2, 080
Lots covernennnnnns PR [P e taesen 66 23 95 15 |...... 23 joee.n. 12 1]...... 235
Crustacea: g,
Specimens .........cei.... PR PP R B EET TR PP 100 200 |...... 12 [ 2 RPN DR D 321
1 |...... 1 D : 20 RS S . 29 -
11,000 (2,100 | 100 |-ceeo-|eeeieafernenafiaaens 13, 200
.............. 2 2
LotS -veveeeinnnn. L T ] P, R P Y P B U UPRDRN ] e . 11
Ethnological : ’
Specimens ......... I ) S 157 RN RN IR ORI DU I i i1
Archaological : ' :
T3 I . I T [ [ PP P L 35 PR 4
Specimens .. ....eveeemeeenne e e AN PR [N [ L 26| 719 |eeeefenenns 745
Total specimens ........c.... 1,657 (2,928 | 11,083 {7,249 {6, 631| 14,001 |2, 466 9, 026 (5,867 | 720 |...... 31 |61, 659
Totallots «vnvmvveecnnnnnn.nn. 165 | 162 881 | 465 562 123 |...... 140 34 27 7 2| 2,568

* Approximé,ted.

NotE.—The collection of rocks, minerals, ores, &c., comprising more than four thousand specimené
from various localities in the West, as mentioned in the summarized list in the Annual Report for 1879
as having been forwarded to the Smithsonian Institution, was, at my request, donated to the museum
at the West Point Military Academy for use and exhibition there. The botanical specimens have all
been finally deposited in the Agricultural Bureau. Various crania and skeletons were from time to
time forwarded to the Army Medical Museum. ,

A reference to the.collections made will be found in the following Annual Reports: 1873, pp. 8 and
9; 1874, pp. 105-109; 1875, pp. 186, 187,188; 1878, p. 91, and 1879, p. 198; and to those transferred to the
Smithsonian and National Museum as follows: 1877, p. 1248; 1878, p. 92; 1879, pp. 193 and 199; and
1880, p. 36.

10 wH—VOL I
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Latitudes, longitudes, altitudes, and topographic details have been
furnished for the use of the Government in the compilation of the new
western territory, and United States maps by the Engineer Department,
and special maps prepared and compiled by engineer officers at headquar-
ters, military division, and department, by the General Land Office, the
Post-Office Department, the Coast and Geologic Surveys; also to 18 pub-
lishing houses and private map publishers in America and Europe.

Independent of the maps, the main body of the information is found in
nine principal volumes (8 quarto and 1 royal octavo). Mention is made in
the list of contributors to the quarto volumes, in the various reports and
upon the resultant maps, of those assistants and others through whose zeal
and industry so full and complete results have, in the main, been attainable.

The whole points a permanent contribution to the geography, topog-
raphy, and natural history of 359,065 square miles of the western portion
of the United States.
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CHAPTER IL

ITINERARY OF COLORADO GRAND CANON AND RIVER TRIP OF 1871.

EXPLORATIONS OF THE COLORADO RIVER OF THE WEST.

A brief chronological account of the earlier explorations prior to the
commencement of the 19th century, and of subsequent exploring and sur-
veying trips, is not thought to be out of place as a preface to the present
report upon further exploration of the river from the direction of its mouth
toward its source, made by parties of the expedition of 1871.

An epitome of the statements contained in the report of Lieutenant
Ives concerning the early explorations of the river, which ‘doubtless were
gathered by searching among many authentic records, are given herewith.

Very little has been known concerning this river. Two streams, Green and
Grand rivers, which flow through Utah in a southerly direction, have been supposed
to unite somewhere near the southérn boundary of that Territory and form the Colo-
rado, but the point of junction has never been visited nor determined.

* * * * * * *

In less than fifty years after the landing of Columbus, Spanish missionaries and
soldiers were traveling upon the Colorado, following its course for a long way from
the mouth, and even attaining one of the most distant and inaccessible points of its
upper waters. More information was gained concerning it at that time than was
acquired during the three subsequent centuries.

In the year 1540 the viceroy of New Spain, interested in the accounts derived
from a Franciscan monk of the latter’s travels in the Territory now called New Mexico,
sent an exploring expedition into that region under the command of Vasquez de
.Coronado. A detachment of twenty-five mmen, led by one Diaz, left Coronado’s party
and traveled westward. He discovered the Colorado and followed it to its mouth.

* * * * * * *

About the same time Captain Fernando Alargon, by order of the viceroy, sailed
up the Gulf of California and ascended the Colorado in boats for a long distance.
* * * * #* * *
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Another of Coronado’s captains named Cardenas, with a party of twelve men,
reached the pueblos of Moquis, and repaired from them, with Indian guides, to a
portion of the Colorado far distant from that seen by the others. -The history states
that after twenty days’ march over a desert, they arrived at a river the banks of which
were so high that they seemed to be three or four leagues in the air.

* #* * * * * *

They averred that some rocks, which appeared from above to be the height of a
man, were higher than the tower of the Cathedral of Seville. This was the first de.
scription of the famous Big Cafion of the Colorado.

Several times during the succeeding two centuries the lower part of the river was
visited by Catliolic priests. In 1744 a Jesuit missionary, named Jacob Sedelmayer,
went thither, following the course of the Gila, and traveled extensively in both New
Mexico and Sonora, and about thirty years afterwards the Jesuits established missions
among the Yuma Indians, who live at the junction of the Gila and Colorado.

In 1776 another Catholic missionary, Father Escalante, traveled from Santa Fe to
Utah, and having explored the region south of the Great Salt Lake, pursued a south-
westerly course towards the sources of the Virgin, and then crossed to the Colorado,
which he reached at a point that appears to have been almost identical with that at-
tained from the opposite direction by Cardenas more than two centuries before.

From this time the river was scarcely approached, excepting by an occasional
trapper or some overland party crossing the lower portion en route to California. . A
considerable part of the emigration induced by the gold discoveries in that region
passed through New Mexico by way of the Gila, and the travelers were subjected to
molestation from the Yumas. In 1850 a detachment of troops was sent to the mouth
of the Gila to keep these Indians under control, and not long afterwards a military
post, called Fort Yuma, was regularly established.

The difficulty of furnishing supplies to the garrison across the desert was such that
in the winter of 1850 and 1851 General Smith, commanding the Pacific Division, sent a
schooner from San Francisco to the head of the Gulf of California, and directed
Lieutenant Derby, Topographical Engipeers, to make a reconnaissance with a view of
establishing a route of supply to Fort Yuma via the Gulf and the Colorado. The re-
sult of the reconnaissance was successful and the ronte was at once put in operation.

Lo * * #* * * #

In 1851 Captain Sitgreaves, Topographical Engineers, with a party of fifty indi-
viduals, made an exploration from Zuiii westward, He struck the Colorado at a point
about 160 miles above Fort Yuma, and followed the east side of the river, keeping as
near to the bank as possible, to the fort.

= o3 # * B . * *

In the spring of 1854 Lieutenant Whipple, Topographical Engineers, in command
of an expedition for the exploration and survey of a railroad rcute near the 35th
parallel, reached the Colorado at the mouth of Bill William’s Fork, and ascended the
river about 50 miles, leaving it at a point not far below where Captain Sitgreaves had
first touched it.

® * & * # & &

The course of the Colorado northward could be followed with the eye for only a’
short distance, on account of mountain spurs that crossed the valley and intercepted
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the view. A high, distant range, through which the river apparently broke, was sup-
posed to be the mouth of the ¢“Big Cafion,” which the Spaniards in 1540 bhad visited
at a place far above.

The visits of exploratory parties and other trips made prior to the year
1857, and not mentioned by Lieutenant Ives, are as follows:

Capt. Francisco de Ulloa, who, in September, 1539, coasted the Gulf
of California, found the waters turbid from the effects of a strong current
and suspected that he was near the mouth of a great river. The position
of such a river was accordingly indicated on a sketch map by the pilot,

Gov. Juan de Onate in 1604 went from New Mexico with two priests
and thirty soldiers to Moqui and thence crossed the country southwest-
wardly to the Santa Maria (Bill Williams Fork), which was followed to the
Colorado. - He used the name Colorado, but applied it to the branch since
known as Colorado Chiquito, not suspecting any connection between it and
the great river which he found to the westward and named Rio Grande de
la Esperanza. Members of his party ascended the river for some distance,
and he afterwards followed it to the mouth, noting the' Gila and naming it
Rio de Jesus. , : A :

Father Kino, who, prior to the year 1700 (making a final trip in 1702),
explored a part of California, crossing it from the east to the west on the
26th degree of latitude, from Loreto to New Year’s Harbor, following the
Rio San Tomas, now the Rio de la Purissima, and the Boca de la Puris-
sima. (See Annual Report U. S. Geographical Surveys, 1878, accompa-
nied by map, p. 228.) ' ' ’

Father Garces, a Carmelite friar, made a journey in 1775 from Sonora
through the Colorado River country, thereby opening another line of com-
munication to the interior, extending as far as the Southern Sierra Nevada.

Father Font, in his visit to portions of the Great Basin System in 1777,
crossed the Colorado at the Mohave Valleys and proceeded to the eastward
as far as the Moqufs Villages. :

A copy of the map accompanying the journal of Father Font was
procured in California by the late Brevet Maj. Gen. E. O. C. Ord, United
States Army, then a captain, and is on file in the Engineer Department.*

* Jedediah Smith, a trapper, explored the Colorado from the Virgin to the Mohave Valleys in
" September, 1826.
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Captain Emory, Topographical Engineers, United States Army, in
184647 crossed the river near the mouth of the Gila while en route to
California as a member of the military command under Colonel Kearney,
and there established a latitude station. (See Ex. Doc. No. 41, first ses-
sion Thirtieth Congress.)

Parties of the Mexican Boundary Commission Survey reached the

river at points near the Gtila and to the southward in the years 1849, 1854,
and 1855. The latitude and longitude of the junction of the Gila and

Colorado was, for the first time, determined by Lieutenant Whipple, of the
Topographical Engineers; and that part of the boundary from this locality
to a point on the river 20 miles to the southward was determined, as also
the latitude of the latter by the zenith telescope, by Lieutenant Michler, of
the Corps of Topographical Engineers.

Lieutenant Parke, of the Corps of Topographical Engineers, while
engaged on the Pacific Railroad surveys in 1855, crossed the Colorado at
Fort Yuma, hear the junction of the Gila, en route eastward to the Rio
Grande. '

The expedition of Lieutenant Ives, which took the field in 1857, the
report of which appears in an executive document of the Thirty-sixth Con-
gress, first sesssion, was the most important expedition ever fitted out for
the direct and positive exploration and examination of the river from its
mouth toward its source.

The work was in many respects most admirably done; and, although
he failed to reach the highest point to which navigation could be directed
in case of a commercial necessity, still, for the first time, he developed an
understanding of the geographical position, topographical accessories, and
the hydrographic peculiarities of nearly 600 miles of this hitherto almost
unknown great river. ’

The next expedition was that sent out from Santa Fe in 1859, under
Capt. J. N. Macomb, Corps of Topographical Engineers, with a view to
determine the junction of the Grand and Green rivers. A point was
reached by one of the parties of this expedition on the Grand River
approximately 4 miles from and in view of the junction; from which
locality the return trip was made to Santa Fe. The accounts of this expe-
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dition are to be found in the Annual Reports of the Chief of Topographical
Engineers of 1860 and 1861, and in a special Geological Report by Pro-
fessor Newberry published by the Engineer Department in 1876.

Meanwhile adventurous prospectors and others, doubtless, reached por-
tions of the river below the mouth of the Grand Cafion. A monument on
the northern shore found by a party of this survey in 1871 showed that
the Grand Cafion had been entered from below by a party of four men, of
whom O. D. Gass, met by myself in 1869 at Las Vegas, was one. This
was probably in 1864.

Captain Rodgers, in October; 1866, took the steamer Esmeralda, 97 feet
long and 22 feet wide, to Callville. (See Annual Report Chief of Engi-
neers, 1868, Appendix X.) A '

One James White, with another prospector, attempted to descend the
riverin a raft from a point on the Grand in 1867, a brief narrative of which
is related by C. C. Parry, assistant geologist Union Pacific Railroad Survey,
in letter to J. D. Perry, Union Pacific Railroad, January 6, 1868, and sub-

“mitted by Brevt. Lieut. Col. R. S. Williamson. (See Annual Report Chief
of Engineers for 1868, p. 1191.) The following is compiled from the above
report: ‘

James White, formerly a resident of Kenosha, Wis, left Fort Dodge
April 13, 1867, and, with a party under Captain Baker, made a prospecting
tour of the San Juan region. Captain Baker was killed in a side cafion of
the Green River, August 24, and White, accompanied by one Henry
Strole, commenced the descent of the river on a rude raft, noticing the
junction of the Green and Grand and the mouths of the San Juan and
Little Colorado. Strole was washed overboard on the fourth day and was
drowned. White then lashed himself to the raft and continued on the per-
ilous journey, securing, by the barter of his arms to Indians, enough mes-
quit bread to sustain life till he reached Callville, on the Colorado, Septem-
ber 8, just fourteen days from the time of starting.

¢ His narrative throughout bears all the evidences of entire reliability, and is sus
tained by collateral evidence, so that there is not the least room to doubt that he
actually accomplished the journey and within the time mentioned by him.”

The above narrative was corroborated by R. W. James, of the river
party, who knew White well at Camp Mohave while the latter was a mail-
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rider between that point and Callville. So far as is known, he is the first
white man who passed through the walls of any part of the Grand Cafnon.

It is believed that Mr. John Moss and Capt. Samuel Adams subsequent
to 1870 made trips in or about the cafion region, but no authentic account
of critical observations by either of them is available.

The expedition down the river from the crossing of the Green River
by the Union Pacific Railroad was undertaken by J. W. Powell in 1869,
and carried out successfully. .The several cafions through the Uintah
Mountains, those between the junction of the Green and Grand, and the
commencement of the Great Grand Canon proper and the Grand Cafion
itself, were passed by a boat party, which upon debarking reached the
settlements from the mouth of Virgin River.

In 1870 the eastern boundary of Nevada was established by I. E.
James, and the terminal point on the northern bank marked.

Subsequently, Mr. Powell, in his geological explorations and examina-
tions of portions of the Colorado Plateau system, caused to be prosecuted
geologic, topographic, and other examinations of sections bordering more
especially upon the Grand Caiion both north and south of the river.

In the reconnaissance of 1869 I reached, with parties under my charge,
the Colorado at the mouth of the Virgin River, and traveled along its
northern and western banks as far to the south as El Dorado Canon. In
1871 a regular boat party was organized by men selected from the expedi-
tion of that year, and the ascent of the river made from Camp Mohave
through the Black, Boulder, Iceberg, Virgin Cafions, and the transit of a
portion of the Grand Cafion, making a total distance of 205 miles, along
which 225 rapids and falls were noted. In 1872 the river was traversed
along its northern banks from the foot of the Grand Caiion to the mouth of
Virgin River by myself and party. The river was approached by parties
of the expedition of that year in the heart of the Grand Cafion at the mouth
of the Paria and at the crossing of the “Fathers.” (El Vado de los Padres.)

In 1873 the river was crossed at the mouth of the Paria by a party
under Lieutenant Hoxie. In 1875 and 1876 Lieutenant Bergland, of the
expeditions of those years, approached the river, making certain topographic
and hydrographic examinations and surveys at points at and between Camp
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Mohave and Fort Yuma. The source of the Grand River; one of the main
tributaries, was discovered by Lieutenant Pike in his expedition of 1805
and 1806 ; that of the Green River (the main fork or continuation of the
Colorado proper) by Captain Bonneville in his explorations of the years
1832 and 1833. ‘ ‘ '

From such examinations as I have been able to make, the above appears
to cover all the prominent explorations that have been conducted with a
view to determine pointsupon the river itself, or the conditions of its hydrog-
raphy or adjacent topography, and while it is not submitted as a complete
account, still it is vouched for by such publications as it has been found
possible to examine. Doubtless, a more thorough search among the writings
of Herrera, Haykluyt, Torquemada, Ramusio, and others, of the travels of
the Jesuits, and the manuscripts of Spanish travelers and explorers that may
be found in the libraries at Madrid, Mexico, that of Bancroft in San Fran-
cisco, at the British Museum, and the Propaganda at Rome, and the Con-
gressional Library at Washington, D. C., would bring to light new details, if
not fresh facts. . ,

The river has been crossed by railroad surveying parties, namely,
those of the Texas Pacific, Southern Pacific, Thirty-fifth Parallel, and
Atlantic Pacific, at points near the Mohave Valleys and Fort Yuma. o

A brief abstract of the voyages and explorations above enumerated is
herewith presented. '

CHRONOLOGICAL ACCOUNT OF EXPLORATIONS OF THE COLORADO RIVER OF THE
’ WEST.

PRIOR TO THE YEAR 1800.

Name of party. ExP;‘E;ion”y Authority for and remarks.
Capt. Francisco de Ulloa ... 1539 Sailed up to the head of the Guif, found the sw;aters turbid from strong cur-

rents, and suspected but did not see the mouth of a great river. (See An-
nual Report United States Geographical Surveys, 1878.)

Captain Diaz, of Coronado’s 1540 Leaving the main command and proceeding westward discovered the Colo-
expedition. rado and followed it to its mouth. (See Ives’ Colorado River Report.)
Captain Csrdenas, of Coro- 1540 Separating from the main command, reached the Moquis villages and prob-
nado’s expedition. . . ably some point in the cafion region to the north and westward. (See Ives’
Colorado River Report.) '
Capt. Fernando Alargon. .... 1540 Acting in conjunction with Coronado’s expedition, ascended the G-ulf of Cali-

fornia and the river for a considerable distance for fifieen days in boats.
(See Ives’ Colorado River Report.)
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CHRONOLOGICAL ACCOUNT OF EXPLORATIONS OF THE COLORADO RIVER OF

THE
WEST—Continued.

PRIOR TO THE YEAR 1800—Continued.

Name of party. Expe;lei;irtfnary Authority for and remarks.

Gov. Juan de Onate ......... 1604 Reached the river at junction of Santa Maria (Bill Williams’ Fork) and fol-
lowed 1t to its mouth. (H. L. Oak, of Bancroft’s Library, San Francisco,
Cal.)

Numbers of Catholic priests. .| from 1540 to 1740 | Visited the lower part of the riverin their missionary endeavors. (See Ives’
Colorado River Report.)

Father Kino..coceeuveeuracans 1698 to 1702 A Jesuit priest who followed a land passage from New Mexico to California.
(See Annual Report United States Geographical Surveys, 1878.)

Juan Ugarte..c.ceceeanen ceee 1721 Sailed along the east coast of Lower California, reaching the mouth of the

» Colorado in July, 1721. '

Jacob Sedelmayer ........... 1744 A Jesuit missionary who followed the Gila to the Colorado. Thirty years
later missions were established near junctions of Gila and Colorado. (See
Ives’ Colorado River Report.)

Fernando Consak...... e ’ 1746 Similar trip to that of Ugarte, reaching the mouth of the Colorado on July
11, 1746, attempting to ascend tke river with his canoes.

1774 Crossed the Colorado overland from Sonora to Montevey, establishing a new

Juan Bautista Anza..... [ { . route.

1775 Crossed the Colorade en route from Sonora to Mission San Gabriel (a second
Jjourney to California).

Father Garces..ccceeeauenn.. 1775 Traveled from Sonora through the Colorade River country; opens another
route to the interior near southern end of the Sierra Nevada.

Father Escalante............ 1776 Crossed the Green and Grand rivers near their junction, and, returning from
region of Great Salt Lake, forded the river at a point known as ‘* El vado
de los Padres,” north of the Moquis towns. (See Warren's Memoir, Pacific
Railroad Reports, Vol. XL.) .

Father Font .eeecaeeeacanean. 1777 Crossed the Colorado at the Mohave Valleys en route from Monterey, Cal.,

to the Moquis villages. (See Warren’s Memaoir.)

SUBSEQUENT TO THE YEAR 1800.

Jedediah Smith..............

Bvt. Maj. W. H. Emory, To-
pographical Engineers.

Lieutenant Derby, Topo-
grapbical Engineers, and
Brevet Major Heintzelman,
Second Infantry.

Captain Sitgreaves, Topo-
graphical Engineers.

United States and Mexican
Boundary Commission.

1826 .

1846-'47

1850

1851

1849, 1854, 1855

A trapper who explored the river from the Virgin to the Mohave Valleys in
September, 1826. (Henry L. Oak, San Francisco, Cal.)

Crossed the river below mouth of Gila en route to California. Observations
and computations for time and latitude were made and published. (See
Sen. Ex. Doc. No. 41, first session Thirtieth Congress, pp. 8, 355, and 856.)

Explored the river from its mouth to Fort Yuma. In Lieutenant Derby’s
case observations and computations were made for time and latitude and
published. (SeeSen. Ex. Doc. No81, first session Thirty-second Congress.)

Traveled westward from Zuiii to the Colorado, and thence along the east
bank to Fort Yuma. Observations and computations were made by Cap-
tain Sitgreaves and Lieutenant Parke for time and longitude, and pub-
lished. (See Senate Ex. Doc. No. 59, second session, Thirty-second Con-
gress, pp. 5 and 24.)

Lieutenant Whipple, Topographical Engineers, under Brevet Major Emory,
Topographical Engineers, established and published latitude and longitude
of junction of Gila and Colorade.” Lieutenant Michler, Topographical En-
gineers, in winter of 1854-'55, ran that part of boundary from the Gila to
a point 20 miles below. Observations and computations for time and lati-
tude were made and published. (See Report of Mexican Boundary Com-
mission, Vol. L)
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CHRONOLOGICAL ACCOUNT OF EXPLORATIONS OF THE COLORADO RIVER OF THE
WEST—Continued.

SUBSEQUENT TO THE YEAR 1800—Continued.

Expeditionary

Name of party. yoar. Authority for and remarks.
Captain Whipple, Topo- 1854 Pacific Railroad Surveys. Traversed the east bank from Bill Williams'
graphical Engineers. Fork to the Mohave Valley, whence he crossed to the westward. Observa-
’ tions and computations for time and latitude were made and published.
(See Vol. IV, Pacific Railroad Reports.)
Lieutenant Parke, Topo- 1855 On Pacific_Railroad survey duty, crossed the Colorado at Fort Yuma. (See
graphical Engineers. Vol. VII, Pacific Railroad Reports, Appendix D.) .
Lieutenant Ives, Topo- | November 28, | Ascended the river from its mouth to the head of Black Cafion. Observa-
graphical Engineers. 1857, to March tions and coraputations for time, latitude, and longitude were made and
23,1858, published. (See Ives’ Report.) Lieutenant Ives, during land trip from
Camp Mohave to Fort Defiance, reached the mouth of Diamond Creek and
a point (Aubrey Cliffs) on the southern edge of the Grand Cafion.
Captain Macomb, Topo- 1839 The party reached a point on the Grand River approximately 4 miles above
graphical Engineers. its junction with the Green. (See Annual Reports Chief of Topographical

Engineers, 1860, p. 252, and 1861,}). 425; also Senate Ex. Doc. No. 1, Thirty-
sixth Congress, second session, and Report of Macomb Expedition, with
geological report of Professor Newberry, published by the Engineer De-
. partment, 1876.) ’
J. W.Powell ...... .... cseaen 1869 Descended from crossing of Green River by Union Pacific Railroad to mouth
of the Virgin, traversing the Grand Cafion. Subsequently, during 2 num-
ber of years, parties under his direction visited the plateau region of the
Grand and adjacent calions both morth and south of the river. (See re-
ports upon “ Exploration of the Colorado River of the West,” 1875, and of
the Geological Survey of the Rocky Mountain Region.)
Lieutenant Wheeler, Corps of| 1869 Examined theriver on the northern side from mouth of the Virgin to E1 Dorado
Engineers. Cafion. Observations and computations by Lieutenants Wheeler and
. Lockwood for time and latitude-were made and published. (See Progress
-Report of United States Geographical Surveys for 1869, p. 72; also Annual
Report for 1876, p. 13.)
D 0 S 1871 Ascended the river in boats from Camp Mohave to the mouth of Diamond
~ Creek, in the heart of the Grand Cafion. (See Progress Report Geographi-
cal Surveys West of the 100th Meridian for 1871.) Observations and com-
putations for time and latitude were made and published. (See Annual
Report of Geographical Surveys West of the 100th Meridian for 1876.)
) 1 hermaacaan 1872 He traversed the northern banks of the river from the foot of the Grand
Cafion to the mouth of the Virgin River in 1872. Lieutenant Marshall
made observaj;ions for time and latitude on river above Grand Cafion in
1872, that were published. A party of his command crossed the river at
the mouth of the lfaria. in 1873, and during the years 1871, 1872, 1873, 1875,
and 1876 parties of this expedition by land approaches surveyed, mapped,
and otherwise examined large areas bordering upon the Grand Cafion
region both north and south of the river, and also at points on the river
between Camp Mohave and Fort Yuma. Lieutenant Bergland during
winter of 1875 and 1876 made observations and computations for time and
latitude on this portion of the river. (See Reports of United States
Geographical Surveys West of the 100th Meridian.)




156 U. S. GEOGRAPHICAL SURVEYS WEST OF 100TH MERIDIAN,

ASCENT OF THE COLORADO RIVER AND EXPLORATION OF THE
GRAND CANON TO THE MOUTH OF DIAMOND CREEK IN 1871.
The report of the results from this special party of the expedition of

1871 is made in itinerary form, as the examinations presented special

features, making this boat trip an expedition in itself and the route promi-

nent above all others. | :

The river party left camp at Cottonwood Springs, on the east base of
the Spring Mountain Range, Nevada, and, traveling by the most direct line
of march, reached Camp Mohave on the evening of the 12th of September.
Here were stored the boats, three in number, that had been constructed in
San Francisco and shipped via the mouth of the Colorado to this point. In
addition thereto, one barge, the property of the Quartermaster’s Depart-
ment, through the courtesy of the commanding officer, Bvt. Maj. R. H.
Pond, at Camp Mohave, was added to the little fleet. '

Time had been most actively employed in concluding the arrangements
necessary for' the trip, among which was the making of terms with the
Mohaves, whose services were actually necessary in order to carry out the
enterprise. Captain Asquit, the second peace captain of the tribe, and thir-
teen others, finally decided to attempt the trip, although they were timid and
greatly feared the dangers of the region outside of the country of the

Mohaves.

Plate No. XVI, herewith, is a sketch from a photograph of the little fleet as it left the ferry dock
at Camp Mohave, with officers, soldiers, citizens, and Indians, on the ferry-boat, wharf, and river bank
to bid adieu and god-speed in the long and perilous trip to the then little known region of the Grand
Caiion. :

The river party consisted, in addition to myself, of P. W. Hamel, topog-
rapher; G. K. Gilbert, geologist; Dr. W. J. Hoffman, naturalist; T. H.
O’Sullivan, photographer; E. M. Richardson, assistanttopographer and
artist; Frank Hecox, barometric assistant; F. W. Loring, general assistant;
six boatmen, six enlisted men (one sergeant and five privates from Company
G, Twelfth Infantry) from Camp Mohave, and Captain Asquit and thirteen
other Indians of the Mohave tribe.

I wish here to renew my appreciation of the kindness extended by all
the officers then stationed at Camp Mohave, especially to Bvt. Maj. R. H.
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( EXPLORATIONS OF 1871.)
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Pond, commanding, and Lieut. Charles P. Eagan, quartermaster and com-
missary.

September 16.—River Camp No. 1, near the old mill at Hardyville.* About 1 p. m.,
by hard rowing, the boats and barge were fairly under headway in the stream, but on
account of the current were soon obliged to put out the tow-lines. These are firmly
handled by the different members of the party, all of whom are possessed of a genuine
enthusiasm for the trip, and the boats, except No. 2, anchored at the mill near Hardy-
ville, reaching the camp about dusk. The Ind1ans 80 far feel well disposed, havmg
the promise of a good time and plenty to eat.

September 17.—River Camp No. 2, near foot of Mount Newberry. Estimated dlS-
tance traveled about 15 miles, towing greater part of the day. Alexander’s Camp was
passed about 14 miles above Hardyville. This is the highest point at which:the Colo-
rado River was then-crossed by a ferry. One has since been established at the mouth
of the Virgin River, whence a road to the sonthward reaches the Hualapais mines.
Pyramid Cafion was passed (see Ives’s Report) and camp made on the eastern side of
the river, nearly opposite Mount Newberry. A treaty relative to rations (the first dis-
cipline applied to the Indians in regard to subsistence) was here made. Asthe land of
the Pah-utes, with whom the Mohaves were lately at wur, will soon be reached, strong
guards are therefore necessary. The parties all sleepin alinealong the low sandy beach.
Travelled adistance of appreximately 15 miles. The float rock in the washes indicate
that the Black Mountains to the east are volcanic. ,

September 18.—River Camp No. 3, foot of Painted Cafion. This morning the first,
<considerable rapids are met just above the camp; and the entire party are obliged to
take hold of the line. Above this point to Cottonwood Island the river flows with a
lesser current, and a favorable wind allows of the use of sails. The island is reached
shortly after meridian, where ruins of two huts formerly occupied by white men are
alone seen. Near here crosses the mail trail from Camp Mohave to Saint Thomas and
other towns in Southern Utah.

The Pah-utes have left this locality since their late trouble with the Mohaves,
and it is now neutral ground. The island. is nearly 7 miles long, is quite narrow,
but covered by a fine coat of rich alluvinmm. From this point, the sails being again
set, we reach a delightful little camp at Painted Cafion, named after the variegated
lavas of its walls, where the boats are beached and overhauled. Observations for lat-
itude were here taken, and also a section of the river.

September 19.—River Camp No. 4, near Big Bend. At the last camp the camera
was first called inte requisition. In the early part of the day the boats thread their
way easily throungh Painted Cafion, passing the small round island sbown on Ives’s
wap, near which cemented gravel mesas in bold Lluffs of 150 feet are noted. Camp is
made along anarrow sand strip just above the first noticeable bend of the river. Noth-
ing of marked interest is noted except the peculiar mountain forms, many dark and
others variegated, that project from the sandy mesas along the banks,and the variety of
miniature cafions entering into the main or Painted Cafion from both sides. Observa-
tions for latitude are taken.

* See map for location of the several camps.
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September 20.—River Camp No. 5, mouth of El Dorado Cafion. The day has been
warm, progress slow and tedious. Several rapids stronger than those heretofore have
been encountered, and they are becoming gradually more difficult to pass on account
of the steepness of the banks. A number of curiously eroded beds of half consolidated
gravel are seen, especially on the eastern bank. The growing moon lends its attrac-
tion to the camp, sitnated near the old guartz mill, the point reached by Lieutenant
Lockwood and myself in 1869, in crossing the desert from Las Vegas ranch, via Forlorn
Hope Springs. A lava butte of brown and orange colors on the Arizona side is passed.
The river is the color of red clay and quite as thick as the Missouri. The Black Cafion
in advance seems to be an eroded channel through dark voleanic rock, while near
its foot volcanic conglomerate appears. Sextant observations taken for time and lati-
tude. :

September 21.—River Camp No. 6, Black Caiion, below Roaring Rapids. A re-
distribution of Loat parties is made and a rendezvous fixed for a camp above the Black
Caiion. ~ One boat following in the rear, which contains the photographer and his outfit,
is called the ¢ Picture.” There are still short spaces along which rowing may be done.
Several rapids are passed during the day, but none that give the barge much difficulty
except at the mouth of a cafion coming in from the west. Observations made for time
and latitude.

September 22.—Camp No. 7, above Roaring Rapids. A reconnaissance, following
the Wash and reaching the heart of the ridge on the west side of the Black Cafion,
proves the existence of a pass leading toward Las Vegas Springs and ranch, and of
water in little pools here and there, and of natural tanks cut in pot-hole shapes in the
walls of the winding caiion. Pass Roaring Rapids (see Ives’s Report) during the day;
also a cave on the western bank, known as Conner’s Carve.

September 23.—Reached Camp No. 8, heart of Black Cafion, above ¢ Violent Rap-
ids” of Ives. The walls of the cafion at this point make apparent sunrise very late,
and not until 6.30 a. m. does this messenger appear. The sunshine does not reach the
river part of the cafion for one-third of the daytime, as the walls, varying from five to
fifteen and even seventeen hundred feet in height, approach perpendicularity in this
portion of the cafion. To the east plateau beds rise from three to four thousand feet
above the river. To the west the Black Cafion range, so called, is composed of vol-
canic material overlying sedimentary rocks.

The moon is now so far increased that the last two evenings in the Black Caifion
have been most picturesque and lovely. The rapids on to-day’s route have been
severe, delaying the barge and obliging a portage of much of its cargo. We were
unfortunate in capturing game, whether mammals or birds, although the tracks of deer
and mountain sheep, probably coming to the river for water, are noted at the entrance
of nearly every side caflon; still little game is secured, while now and then flocks of
duck, sandhill cranes, and pelicans are seen, but rise, as a rule, beyond gunshot
range. . :

Plate No. X VII.—This is from a photograph by O’Sullivan, taken near the center of Black Cafion.
The name ‘‘Gibraltar” has been proposed for the somewhat pointed bluff noticeable on the west
shore.

Plate No. XVIII.—A sketch showing Maimum, a young and typical Mohave, in the foreground,
is here introduced, as he was one of the characters of the trip. His lithe and supple form made him
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an object of pleasure to observe, while his childish enthusiasm and frankness were often turned to
good account when the war councils of the fourteen Mobhaves threatened disturbance. He became
much attached to young Loring, who, with Messrs. Hamel and Salmon, of the river party, were the
victims of the Wickenburg stage massacre, and, singularly enough, in company with other Mohaves,
became one of the detectives to discover the Apache Mohaves who perpetrated this most terrible out-
rage.

September 24.—Reached Camp No. 9, head of Black Cafion.—The necessity for
reaching the land parties at the crossing near the foot of the Grand Cafion does
not permit of our resting even on Sunday. By diligent labor camp at the head of the
cafion is reached, where the walls are quite abrupt and fully 1,700 feet in height. This
brings us out to daylight once more. During the day several rapids have been
passed, none very difficult except one, which will be called Horseshoe Rapids, because
of its form. :

Here the face of the current strikes the western bank and from it rebounds to
the south and east with impinging force along a collection of seemingly small boul-
ders; and upon striking the sharp bluff along the eastern shore takes a similar turn
to the southwest. This rapid delayed us two hours. The channel has been deep and
the water smooth, although the current was strong. The walls of the caiion have ex-
ceeded the usual height, and come for the greater part to the immediate edge of the
water, bordered, however, at intervals by little sand banks. The walls of the cafion
near its head are composed of a highly metamorphic sandstone, exposing here and
there brecciated cliffs and conglomerate boulders.

The Black Cafion, although interesting in the extreme, does not equal in grandeur
what was expected of it from the description given in Ives’s Report. The walls are
not so high nor as vertical as therein represented. However, the velocity of the
current and number of rapids that are met, the sombre character of the walls,
many peculiar weird forms, points at which- a stiliness like death creates impres-
sions of awe, all tend to the belief that one of nature’s grand labyrinths has been
passed.

Plate No. XIX has been selected from the photographic subjects as typical of Black Cafion be-
tween Camp 8 and its head. The walls in other places are more abrupt and their perpendicularity at
the water’s surface more marked, thereby presenting scene after scene of rare grandeur, but wanting
in the gentler undulations of form shown in the sketch from “ Mirror Bar.”

September 25.—Reaching River-Camp No. 10, in sight of Callville (deserted). "An
early start soon brings us past Fortification Rock to the mouth of Las Vegas Wash.
A considerable rapid is passed near the head of the calion. Those encountered later
in the day were less violent, as the river spreads over a wider space. There is
a marked change in the temperature. The equinoctial having passed, there are
fewer changes in the increased currents due to local precipitation at points nearer the
sources.

Las Vegas Wash was passed at noon, and thus have had views on three sides of
the isolated peak which will be called Black Butte. Fortification Mountain is in sight
during the entire day. The shallow rapid opposite Las Vegas Wash contained suffi-
cient water to allow the passage of the barge, which only reached camp at 11 p. m.
The brightness of the moon affords, however, a light nearly equal to that of day. "
Table Mountain, nearly opposite the head of Black Caifion, an elevation of approxi-
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mately 2,250 feet, is one of the marked features. The immediate cafion walls are not
greatly in excess of 1,000 feet, while protruding peints are from 1,750 to 2,000 feet,
approximately. ’

September 26.—Reaching River Camp No. 11, near the foot of Boulder Cafion.
This point, a short distance within Boulder Cafion, has been selected as a rendezvous.
Leaving the boats for a while, following up the wash that comes in from the south at
a point in sight of Callville, an Indian trail, supposed to lead into the Hualapais coun-
try, is noted. One of the boatmen says that the Hualapais and Pah-utes cross the river
at this point and interchange commodities. 1t is called one and a half days’ long In-
dian marches, probably 75 miles, to the Hualapais mining district.

The walls of Fortification Rock seem to be sandstone highly metamorphosed, while
those in Boulder Caifion are of granite. Kloating pieces of iron ore (hematite) are noticed
in the wash. Here in a marked degree is shown the large annual denudation of these
sandy and conglomerate mesa forms. Thusis it made clearly manifest that the erosive
agents of nature little by little are decreasing the profile of all mountain forms.

The Indians exchange powder and ball for sheep and buckskin, the Pah-utes buy-
ing from the emigrants.

September 27.—At Lay-Over Camp. Astronomic and magnetic observations are
here made, the former having been taken at all other camps. The boats and barge are
carefully overhauled, cleaned, and caulked. Reports were heard of gold ore having
been found pear the wash that leads into the river from the south, at the mouth of
which camp is made. This day of rest, being the first since the commencement of the
trip, is heartily appreciated. The ¢ Picture” comes up a little before noon, and the
. party are all together again. The photographic party have met with good success.
Having rationed anew, they will still continue on a roving commission until the ren-
dezvous at the crossing is made. : ’

Septeniber 28.—Reached River Camp No. 12, near head of Boulder Cafion. Being
anxious to arrive at the crossing, an early start is made, and all the force crowded to
its utmost. A severe wind storm is met near the head of the cafion, and the party
becomes divided, one portion camping at the head of the cafion and another fully 2 miles
above. At the former camp a gale fills the air witk sand so completely that it could not
be kept out of the food, and during the night formed in drifts, covering the blanket
- beds. :

Mr. Gilbert furnishes the following general section of Boulder Cafion: a nucleus
of syenite, against which rest plicated crystalline schists, and over the whole are suc-
cessive massive layers of trachyte, flanked at the east by basalt.

September 29.—Camp No. 13, near mouth of Virgin River. The river here makes
a sudden bend to the southward, and although the right-line distance to the mouth of
the Virgin River does not exceed 5 miles, by the river course it is fully 10. The rap-
ids encountered to-day are less violent than usual. Two settlers are found, who have
just arrived for the purpose of establishing a ferry to aid prospectors en route to the
Hualapais mines, in Arizona. They have found a good road to the head of the Sacra-
mento Valley, which to the southward skirts the mountains to the eastward of this
valley. An Indian was here found with a note from the guide, Spencer, which gives
hope that he will accomplish his difficult mission of selecting a camp on the south of
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the river for a land rendezvous after having planted signals at the mouth of Diamond
Creek, the objective point of the river party, and having selected a crossing and made
a junction with the land command near Saint George, Utah.

The territory of the Pah-utes, who have lately been at war with the Mohaves, has
been successfully traversed and neutral ground reached. The Mohaves held a long
conference with the Pah-utes of the Muddy region, several of whom live in this locality.

A singunlar salt well on the mesa was visited. The elevation is found to be ap-
proximately 50 feet above theriver. Itis doubtless a reservoirof waters accumulating
on the rock bed that here ascends nearer to the mesa surface.

September 30.—River Camp No. 14, near Nofre Dame Rock. A distance of from
13 to 14 miles was traveled and camp made on the southern bank a little after dark.
A heavy rapid was passed a little less than 1 mile below camp, and also during the
day, on the southern side, peculiar mesa forms, denoted respectively as Dome Rock and
the Cloister. The river here bends considerably to the south. The barge moves
slowly, and the duty forced upon the white men, who have to go frequently into the
water, is very severe. One sees what appears to be a high range of mountains about
30 miles distant, apparently perpendicular, which is presumed to be the commencement
of the Grand Cafion.

October 1.—Reach Camp No. 15, above Long Rapid. Rattlesnakes have been very
plenty along the sides of the caiion. To day Notre Dame and Cathedral Rocks were
passed, and a little higher another mesa, islands that are the commencement of the
cafion cut out by the river from the Virgin Range. As this is our first cafion upon
entirely new ground it will be called Virgin Cafion. Two or three slight rapids are
passed, and a very large one at the head of the cafion, by far the most violent yet seen.
The difficulties of towing have been very great. A salt spring is noted oun the southern
bank, near the center of the calion.

October 2.—Reached Camp No. 16, foot of Iceberg Cafion. Emerging from the
cafion are some lone rocks, against which the water breaks heavily in the flood season.
An island appears here which is doubtless covered at high water. Indians approached
from the southern bank and proved to be Pah-utes, who are planting a small strip of
land near the river. They bring squashes, melons, and nets, to trade. They seem to
be entirely sequestered from the other Pah-utes, and have no news except that they
have apparently seen the source of Truxton Springs. It is surmised that they have
seen white men cross the river a little above the Grand Wash. The Mobhaves are
getting tired and lazy, and the boats move wearily, passing a wash coming in from the
north, and next a rapid, just at the foot of the cafion, that, because of the peculiar
contour of its northern walls, is called Iceberg Cafion. The barge, as usual, does not
reach camp uutil after dusk.

October 3.—Camp No. 17, foot of Grand -Wash, Tceberg Cafion. The peculiar
shades of color drifting in the strata and the contour of the prominent walls have
all Leen most singular in this cafion. The progress to day is slow, and at night the
distance traveled is uot more than 7 or 8 miles. : :

October 4.—Camp No. 18, crossing of the Colorado. To-day beaver-holes wére
noted and paths very plentiful along the river. One boat pushes ahead to reach the
point of crossing, where it is expected to meet one of the land parties prior to October 5.
The barge and other boats are left, with orders to come in as rapidly as possible, The

11 WH—VOL I




162 U. S. GEOGRAPHICAL SURVEYS WEST OF 100F'H MERIDIAN.

walls of the calon are soon passed, and what seems to be the extreme face of what
well could be the beginning of the Grand CaTion is seen. In between are numbers of
broken washes of semi-platean slopes. In lessthan a mile horse-tracks are discovered,
and it is concluded that a few horsemen had camped there some days since. In tracing
these up the river the land camp would doubtless be struck. Traveling ahead alone
on foot on the river bank voices are soon heard, and it is found that Lieutenant Lock-
wood and his party had come to the river, thinking it might be necessary to build a
raft, and had gone a little way up the river to the old Ute crossing to get timbers and
find a trail on the other side. Our meeting here was a cause for mutual congratula-
tion. Here the mail is received, and parties at once dispatched to bring the main
command to the crossing. Our rendezvous camp is made on the southern side, and
every one is gladdened to know that the most difficult enterprise of the expedition has
been so far consummated in a most satisfactory manner.

October 5.—At the crossing of the Colorado. The day was spent in camp in pleas-
ant intercourse, making arrangements for further operations, and the opportunity is
taken advantage of to thoroughly overhaul the barge and boats. The former is to be
left at the old Ute crossing, about 3 miles above the camp. The start will be made
with picked crews, rationed for 15 dajys, hoping to reach the mouth of Diamond Creek
in that time. The barge will form the basis of supply in case the difficulties. of
the ascent necessitate falling back upon it. Good grass is found upon the plateau
about a mile and a half to the southward, where the animals can reéuperate. A
marked change as to the conditions of grazing is noticed at once upon crossing the
river. Between the walls of the calion to the east and the Virgin range to the west,
nearly as far north as Saint George, Utah, is an area almost entirely destitute of
grass, while every plateau, with its contiguous mesas, is covered with a thick bed, as
one passes to the southward. _

Parties of relief are projected, to reach the crossing from the rendezvous at Truxton
Springs with further rations in case of disaster. Another party is to attain the mouth
of Diamond Creek, which is about 35 miles from the general rendezvous. Different
routes of travel to befollowed between now and the close of the season are discussed
and arranged. About 4 o’clock the commaud begins to file down to the river bank
and is brought across the river as fast as the different parties come up.” All the boats
are brought into requisition and the concentrated force quickly completes the crossing.
The entire expedition is safe on the southern side of this turbid, unmanageable stream ;
and thus the greatest and most extraordinary obstacles of the season are successfully
passed. ,

Priday, October 6.—At crossing of the Colorado. All the animals are brought
across this morning by swimming against a fierce current with a single loss. Mr.
Gilbert proceeds with his boat to the mouth of the Grand Caiion with a view of making
a geological section at this point. He succeeds inreaching the high mesa, about 3,500
feet, but is unable to return to the bed of the river before dark, and makes his camp
high up in the rocks. :

The Mohaves have a great feast over the animal that was killed in crossing,
and in consequence manpy are sick; but the presence of a Pah-ute medicine-man has
its influence in relieving the horrible pains of several of the overfed aboriginals. A
greater part of the day has been made hideous by his roars, screams, and moans over
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the vietims. For the third time the Mobaves have tried to desert and return to their
. homes. By dint of threats and persuasions they are, however, induced to remain
‘uutil the completion of the river exploration. Ubservations are here made by Lieu-
tenant Lockwood and myself for time and latitude. The barge is left near the cross-
ing as the nucleus of a relief station, and with it Sergeant Eisenbise, oue soldier,
Captain Asquit, and three other Indians. The cafion exploration is to be mnade by
3 crews of 9 persons each., '

October 7.—Camp No. 19, near foot of the Grand Canon. The land parties are
left this morning to take one more day for recuperation, aud the three boat parties
merrily start out to search for further wonders in the Grand Caiion, imagining but-
few of the many difficulties that were soon to be met.

Gilbert Camp is reached at 1 p. m., but. he had not then returned from the
summit of the platean. - A little farther on a full view, magnificent beyond description,
of the walls of the Grand Caiion is had. Camp is made after nightfall on the southern
shore, near a little stream trickling from the sides of the cafion. Sheltered by the
foliage that clusters around this little ravine one manages to protect himself from the
wind-drifting sand. In the vicinity of the old Ute crossing, near the foot of the Grand
Cation, the river widens and the rapids are more shallow. " This is the best point yet
noted for fording, still in the lowest of waters swimming would be necessary, and at
high water doubtless the swift current would prohibit this method even.

Plate No. XX is an illuminated sketch made from & photograph taken in the Grand Cafion near
its mouth, and is hence typical as to form, showing peculiarities of erosion that give rise to great vari-
eties of profiles. The coloring is in some respects more brilliant than that in nature, althongh less

vivid than in sorre of the beds, as, for instance, the red wall of limestone. The sun breaking through
upon the vari-colored sedimentary beds enlivens a contrast of colors that no artist can accurately copy.

October 8.—Camp No. 20, head of Winding Rapids. In following up the little
ravine pear the camp the source of its pure stream of water is discovered, and near
it most beautiful beds of ferns. The photographer remains in this locality taking
views. The springs near the Tuafa Bluffs, on the north side, not far from our former
camp, were examined and four were named—Tufa, Grotto, Baptismal Font, and Holy
‘Water Cup.  The temperature of these springs is 70 degrees Fahrenbeit. The water
is most clear and sparkling. A small stream of water, entering the river from a side
cafion to the south, was passed where elm trees were seen. Iive rapids are passed
within two miles. A section of the river is here made by Mr. Hawmel, and observations
for time and latitude are taken by myself. :

October 9.—River Camp-No. 21, near Cascade Rapids. Camp is broken early and
the start made in fine style. It is hoped this day to make cousiderable distance, but
soon many rapids are stuinblied across, and at noon 9 bad been passed, and prior to
sunset, 15, some of which had as many as three falls. Observed three tufa mineral -
springs about noon, temperature 70 degrees. During the day a monument on the
north shore was passed, in which was found a memorandum signed by *“4” men, one
of whomn was O. D. Gass, of Las Vegas Ranch, Nevada, who had ascended to this
point in 1864 (?) (The ¢¢4” was partly obliterated.)

The rapids are more formidable than any yet seen. I am satisfied that no one
has ever ascended the river above this point, and Mr. Gass, one of the 4 persons men-
tioned above, told me in 1869 at Las Vegas ranch that he considered it impossible to
penetrate farther. It is for this party to try it, however, and if successful to-morrow
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there will seem to be little doubt of reaching Diamond Creek. Traveled 74 miles
to-day. The narrowest point in the river yet reached is immediately above Tufa
Springs—75 feet. Its bed here is one of erosion through the underlying granite walls
rising on éither side. The coarse carving, noted in detail on the limestone and boulders -
of débris beaches, is here shown on a grander and more picturesque scale than else-
where seen. The geological horizon of granite is just reached, and it is not improbable
that it extends as far as Diamond Creek, where it was noted by Dr. Newberry, in 1858.
A wash with high banks comes in at the camp from the north and is covered with
driftwood, evidencing the rise at stages of high water.

Plate XX here introduced shows a projecting rock on the right hand of the sketch called ““Devil’s
Anvil,” that overbangs the almost perpendicular cafion. Part of the squthern wall is shown, and also
the river-bed. The photographic view was taken at a point a little higher up than Diamond Creek by
one of the land parties of 1872. )

October 10.—River Camp No. 22, opposite Vernal Falls. We traveled this day
not far from five miles. Two boats are lost over the rapid immediately in front of our
camp, but secured again without damage. Early to-day a rapid is passed with a direct
fall of at least 8 feet. The entire fall of the rapid before mentioned is 35 feet, above
which comes smooth water for approxiwmately 14 miles, flowing along solid granite
walls of the calions on either side. Another rapid met during the day calls for all
the strength of the different crews. Much water has been taken by the boats. At
last a long rapid of two falls appears, with smooth water at its head, extending for
quite a distance. The boats succeed in passing the first one a little after dark. It is
not considered safe to try the other, as everything has to be unloaded and the first
boat bhas been very nearly swamped. Therefore a dark and dreary camp is made
among the débris of the slopes, where, cuddled up Indian fashion, the weary hours of
the night are passed. The labor of the past few days has been very wearing upon
the men, and one of the strongest Indians was thrown upon the rocks and badly
bruised, making two invalids in the party. I have several times during the day
despaired of reaching Diamond Creek in time to join the relief party there, as each
rapid in turn seems to be more powerful than the last, and the number per mile is
evidently on the increase; and, furthermore, it appears unlikely that any party has
ascended the river farther than this locality, or that one ever will. Still, the objective
point can be reached, it is believed, if the men and boats hold together. Traveled
approximately 5 miles and camped on north shore. _

October 11.—Camp No. 23, below Disaster Rapid. This morning Mr. Gilbert
makes certain special geological examinations, among others examining an injected
dikelike mass of basalt in the granite. Portage is made, and the rapid near camp
passed. Another appears within one fourth of a mile, then smooth water for a little
distance, after which a powerful rapid that takes the strength of all of the three crews.
Then appears another stretch of fair water that brings one to the worst rapid of the
trip. All the boats are brought up and lines thrown ahead. This rapid seemed long
but not dangerous, however, but the first boat going into it proved differently. The
first dash tilled the boat with water, the second swamped it, and in this way the lives
of two boatmen were cndangered. The boat ran back against the rocks almost a per-
fect wreck, and its contents were washed down below the overhanging rocks. A stout
case containing my most valuable private and public papers and data for a great
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share of the season’s report, which for the first time had not been taken out of the
boat at a portage, was lost, as well as valuable instruments, the astronomical and me-
teorological observations, and worse than all the entire rations of that boat. These
losses could not be made good, and this disaster threatened to drive the cafion parties
back to the barge station at the crossing, thus pronouncing the trip-a partial failure.
Night came, and the boats dropped back about half a mile to camp. Weary myself
and much dispirited, it is still necessary to maintain cheerfulness toward the little
party, who see great trouble ahead. A compact vein of basaltic lava of 6 feet
thickuness obtruding through the granite was noticed, as also like intrusions at a number
of points elsewhere on either side of the cafion. The granite grows higher and is
beautifully seulptured in pot-holes and other forms.

October 12.—Reached Camp No. 24, bead of Disaster Rapid. The morning is oc-
cupied in searching up and down the river for any trace of articles lost from boat No.
1, but without success. Our party are all despondent, and as the boat swamped yes-
terday was badly dammaged, and rations are very short, a portion of the party is
here detached to make the descent in this boat, with the expectation of reaching the
land party and following their trail to the sonthward from the point on the river
"where the barge lies anchored. No oue except Mr. Gilbert and myself think that the
boats can pass thé rapids io front of us. It requires no little courage to continue far-
ther on, since one day later would prevent a return in time to meet the relief party
at the river-crossing, and the barge has rations only up to a certain date. Mr. Gilbert
and myself propose to reassure the men by taking the first boat across the rapid.
Portage of the stores is made to the wash at the head of the rapids, which consumes the
greater share of the.day, aud half an hour before twilight a rope is stretched and the
emergency prepared for. The entire force is stationed along the line, and the cast-off
is made. In five minutes the worst part of the rapid is over, and just as the sun sinks
gloomily behind the cafion horizon the worst rapid is triminphantly passed, amid the
cheers and exultations of every mewmber of the party. Astronomical observations
were made here. :

October 13.—River Camp No. 25. This morning the second boat passes Disaster
Rapid successfully, and a ftresh start for the further ascent is made. Three other
severe rapids are passed during the day, still the distance traveled has been nearly six
miles. About 3 p. m. a beautiful vista is passed, formned by the granite boulders that
approach quite to the bed of the river, contracting the chanuel so as to produce an
euormous current. The shifting carrent for quite a distance has scunlptured strange
contours among the granite walls that at this low stage protrude above the water.
Many are carved like full columns, others honeycombed in extravagance of form, mak-
ing the view in all its phases the grandest and nost sublime of any noticed along the
route. The channel Lere is the narrowest yet met—Dbeing less than 50 feet wide. The
thickness of the granite beds becomes greater and greater, and now reaches from 700 to
800 feet. The more solid the granite the less dangerous and difficult the rapids aud
fulls. This is easily explained, since the rapids have formed Ly accumnlated debuis
breaking in from the side cafions, aud from the boulders detaching from the sides of the
main wall and falling into the stream. The latter more frequently make the dam, and
the irregular flow of the water causes these most terrible rapids. It becomes neces-
sary to make a very difficult portage just at dusk. It is very severe, siuce the. men are
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greatly worn. The hope of ultimate success sustains the sinking courage as also the
belief that no one will follow speedily in our tracks, thus making the ascending ex-
ploration of the river complete and tinal. :

October 14.—At River Camp No. 26, above Portage Rapids. The temperature at
night in the caflon bhas been of late decreasing, and the morning fire that can be made
by a little drift-wood picked up is very agreeable. An old Indian trail is found in the
creek that comes into the cafion from the south. There are a few hills of scanty corn
of this season’s growth, while a little avenue among the willows seems to have been
planted with beans in hills, but no appearance of fruit. The Indians have evidently
been here in the early spring, but not since. One of the worst rapids of the trip was
met to-day, which obliged the portage of the boats with all the stores for fully one-
fourth of a mile. Mr. Hamel and myself penetrated a second creek coming in from
the south, following a gentler slope than any yet seen, which leads to the belief that
possibly one could emerge by it from the cafion bed, if necessary. The distance to-day
is 23 miles. It took six hours to pass the rapid above mentioned. This morning the

" rear boat picked up a duck floating down the stream that had been killed by a shot,
and itis hoped this may indicate that the land party has reached the mouth of Diamound
Creek, and that it is not far distant. ‘

Camp is made at a southern bend of the river, and for the first time out of sight
of a rapid. Now and then a stray duck is seen, but hardly any other winged animals.
The flora of the side cailions is extremely meager. Their streams have no fish. A
peculiar salmon and hunchback are found in the river at places, but being without
houks it has been impossible to increase the scanty stock of provisions. No new plants
or other forms appear, and the entire caflon is but one grand rock laboratory. Noted
to-day a small snake with black and white rings, different, from any yet seen. Trav-
eled 2 miles, approximately.

October 15.—River Camp No. 27, Castaway Rapids. After an inspection of pro-
visions held this morning, it becomes necessary to farther curtail the amounts allowed
to each individual. A rapid is passed early in the day with a fall of 8.8 feet, at which
point the river is 483 feet in width. Eleven rapids are met and passed during the day,
the entire distance gained being about 3% miles. The semi-granite walls appear on
either hand with a superior cap of sandstone more prominent, giving at this special
locality great perpendicularity to the walls. Towing is heunce a thing very much to
be dreaded. The short lengths of apparently smooth water are becoming less frequent,
and swift currents are noted at each turn in the river. This indicates—and our ane-
roids verify the fact—that the fall per mile increases at every step.

Mr. Gilbert’s boat is cast away in pulling through the last rapid, and he aud
Hecox go so far dowi the stream that the crew could not reach them, hence they go
supperless to bed among the rocks in this wild calion. Our camp is a little shelving
place in the rocks, with scarcely room enough for the little party to sleep among the
boulders. Everyone is gloomy at the prospect, starvation staring one in the face with-
out thie certainty of relief either in advance or retreat.

October 16.—Camp No. 28, Starvation Camp. To-day it has often been necessary
to climb as high as 100 feet to pass the tow-rope ahead. Two portages of stores were
necessary, and one portage of the boats. In passing the third nest of rapids the rope
parted and one of the boats was cast away upon one of the roughest rapids in the
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river. The sight, although exciting, was an extremely sickening one. The boat was
canght, however, on the other side, and extricated after much difficalty. Such aecci-
dents are disheartening in the face of the presumable dangers yet.in advance, the
number and extent of which are yet unknown. The boat upon the second trial, how-
ever, passed safely. Washes reach the river from either side at the head of this rapid,
and heuce the magnitude of the dam accounts for its length., The one from the north is
a stream with about 200 inches flow; the one from the other direction has a very gentle
slope. . )

Mr. Hamel climbed the granite wall,-and reports it smooth and level on the top of
the mesa. It may yet be necessary to.take this route to the mouth of Diamond Creek.
Astronomical observations were made for time and latitude. The entire rations of the
party scarcely make a re-enforce to my blanket pillow, where they are at night placed
as a precaution. ' ,

October 17.—Camp No. 29, below Concealed Rapids. Made a portage of boats
to-day among the narrowest and heaviest rapids of the trip. Width 35 feet, fall 10y,
feet. Speculations are rife to-day as to the prospect of either want and starvation and
inability to get out of the cafion, and yet I believe there will be some loophole in event
of the utmost emergency. Fortunately the weather during the day continues fine.
The warm genial sun now and then reaches the river and improves the temperature
of the water, with which all persons have constantly to deal, and the hands are not so
cold that any of the party suffer in cousequence. The river trip would still continue
practicable were the unforeseen trials and privations known so as to be mastered. As
it is, each day seems like an age, and the danger of complete disaster stares one so
plaiuly in the face that a state of uneasiness naturally prevails. To day I have been
thinking over a plan of sending forward upon the mesas to reach Diamond Creek.
My mind is still bent upon taking the Loats to their original destination if they will
hold together. It has been necessary to guard the entire stock of rationsin person for
the last few days. Itis decided this evening in the event of emergency that the boats
shall be abandoned, the mesa reached on foot, and the mouth of Diamond Creek thus
reached. Gained 34 miles to-day. Saw the new moon by daylight, 2 p. m.

October 13.—River Camp No. 30, Look-ahead Camp. It is now hardly daylight
until 7 o’clock, at which time the weary labors of the day are begun. A portage about
9 o’clock is effected at a rapid where some ugly boulders of enormous proportions are
the only beach. To-day the fifth castaway is noted, and Gilbert and Salmon try their
luck at swimming. It is estimated that the distance to the mouth of Diamond Creek
cannot exceed 17 miles. The track of a man’s tfoot with boots or shoes on is noted on
the southern bank. It is hoped that it may be some one from the relief party. A
longer portage of boats has to be made, but it proves successful, and the camp at night
is so selected that it is believed the mesa in close proximity may be climbed in the
morning. Notwithstanding the great obstacles of the day, a distance of 3% miles has
been gained. The boats are leaking badly. Complete instructions are made for the
two messevgers, Hecox and Roberts, who volunteered to start out in the morning to
reach Diamond Creek. This seems a necessary measure, as the lives of twenty persons
are now dependent upon the success of the messengers sent ahead for food. A fair-
sized loaf is cooked for each, and they will depart at daylight. Between 10 and 11 a..
m. Mr. Gilbert saw plainly the planet Venus. Astronomical observations were here
taken. ’




168 U. 8. GEOGRAPHICAL SURVEYS WEST Ol 100TH MERIDIAN.

October 19.—Camp No. 31, mouth of Diamond Creek. The climb to the top of the
first mesa is very steep, but it was pleasant to find that there was sufficient space to
the rear to admit of a pretty level trail along the next series of bluffs. The messengers
feel hopeful, and fully appreciate the necessity for vigorous etforts on their part. It
is fully understood by them that the parties intend to abandon the boats and follow
on their trail on the morning of the 22d, if no assistance is sent before then. Thereis
a slight ckance of their reaching Diamond Creek and bringing provisions back by the
second night. If not there must be cousiderable suffering on the part of those left
with the boats. At a mile a little creek is crossed, on which old fire beds show the
presence of Indians in their hunting season. I attempted to explore the bed of the
streamn crossing into the river, and was obliged to climb to the lower mesas, narrowly
escaping a fall of 130 feet. The caiion cut out by this stream is the most romantie I
have ever examined among the varied scenes of years of mouuntain life. Shortly after,
one of the members finds a fish-pole and line with a large salmon attached, which
probably came from the party at the mouth of Diamond Creek, and a little later a
float and message from Hecox, who had reached the mouth of Diamond Creek. About
2 p. m. a signal is seen, which proves to be a handkerchief lett by Spencer, about 6
miles ahead, toward which all possible exeriion is made, hoping to reach that point
before sundown. Camp is reached betfore dark, not knowing until then how tired and
weary all had become. Mr. Hamel reports having seen during the day a star at a
point in the canion where the upper walls were in close proximity. Sextant observa-
tions for time and latitude were here made, and also a cross-section of the river Ly

- Mr. Hamel. :

Plate XXII was redrawn from a photograph taken in 1872 near the mouth of Kauab Wash, and
shows some of the pecularities of the erosion and the number of beds that make up the plateau system
at this locality.

Plate XXIII gives an illustration of the verticality of the lower or first wall above the bed of the
river, as also the carving of its surface at Paria Creek. A part of the summit of an irregular plateau
appears in the distance.

Plate XXIV is a sketch redrawn from a photograph by O’Sullivan at the mouth of Diamond
Creek, showing the northern wall of the cafion that is here eroded into gentler profiles. The pariies
(enumerated below) belonging to the two boats that reached this point occupy the foreground. The
following persons made the entire river trip: (1) Lieutenant Wheeler, (2) P. W. Hamel, (3) G. K.
Gilbert, (4) T. H. O’Sullivan, (5) E. M. Richardson, (6) Frank Hecozx, (7) William George Salmon, (8)
R. W. James, (9) Thomas Hoagland, (10) George Phifer, (11) William Roberts, (12) Privates Drew,
Flynn, and Keegan, and six Mohave Indians (Panabona, Seliquirowa, Obehua, Havanata, Sowickopelia,
and Mitziera), making twenty in all. The entire party worked with a will and were unflagging in
their exertions, wore eapecially those who were willing to continue the ascent after the third or
damaged boat returned to the crossing, Mr. O’Sullivan, in the face of all obstacles, made negatives at
all available points, some of which were saved, but the principal ones of the collections were ruincd
during transportation from Prescott, Ariz., via mouth of the Colorado, San Francisco, &c., to Wash-
ington, D. C., thus destroying one of the most unique sets of photographs ever taken.

Observations for time and latitnde were made by Lientenant Lockwood and my-
self at the mouth of Diamond Creek. Tbis same point had been reached Ly Ives dur-
ing his land trip eastward to Fort Defiance. The relief party is overhauled at Peach
Tree Spring by the advance runners, and they and a fresh relief party from the ren-
dezvous at Truxton Springs reach the river on the 20th, bringing mental comfort and
rations. A number of the boat party proceed the 21st to join the rendezvous, while
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the balance begin their perilous journey do;vn-stream, joining the barge and continu-
ing the descent to Mohave, which point was reached in safety on the evening of the
fifth day, thus evidencing the difference in rate of travel whether with or against the
carrent.

The transfer of the land parties to the south to the selected point of
rendezvous, through a section almost a desert waste, without water and a
terra incognita, the successful junction of the river and land divisions, and the
accomplishment of the duties laid out for the different parties at the speci-
fied times was a masterpiece of successful exploring, and shows the admir-
able will and energy of all parties of the command. The guide, Charles
Spencer, contributed in no small degree to the harmonious working of the
plan, and to his intimate knowledge of the country was due the certainty
as to date of connecting forces.

- The river at Camp Mohave on September 15, 1871, was found by Mr. P,

W. Hamel to have a mean velocity of 3.006 feet, and a volume of discharge
of 16.232 cubic feet per second. The observations were taken-along a profile
of 870 feet in width and cross-section of 5.400 square feet. Lieutenant
Bergland, on September 3, 1875, found a mean velocity of 1.25 feet near the
same point, a discharge of 11,611 cubic feet through a cross-section of 4,628
feet, the width being 1,116 feet. The above observations can alone be
reconciled in view of the sudden rises of the river from violent mid-sum-
mer rains near the sources of the Green and Grand and the Little Colorado.
There local floods, having their source at great altitudes, are of short dura-
tion, and their influence will be felt but for a few days at any point along
the stream, and hence the observations at intervals of not more than ten
days may not properly be comparable or bear a fixed ratio to the mean
flow. Soundings from 14 to 28 feet were noted in the river channel at foot
of Boulder Cafion. - At Stone’s Ferry, on August 11, 1875, Lieutenant
Bergland found a flow of 18,410 cubic feet per second through an orifice
of 5.7123 square feet, the width being 480 feet. The cross-section at foot
of Grand Canon was 2,610 square feet, the width 315 feet, and sound- -
ings were recorded from 3 to 20 feet. At mouth of Diamond Creek the
width was found to be 280 feet, and soundings noted from 9 to 30
feet.
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One of the results of the river exploration has been to determine the
absolute limit of navigation, a question not settled by the exploration of
Ives, as a steamer ascended the river to a point (Callville) a short distance
. beyond the uppermost point reached by him in his boat. This limit is the
foot of the Grand Camon, or near the crossing of 1871.

It is certain that at no stage of water could steamers reach this
point unless the channel shall he improved by the removal of sunken
rocks; but no insurmountable obstacles of this nature exist. The furthest
practical head of improved navigation must remain permanently at the
foot of the Grand Caiion. '

The exploration of the Colorado River may now be considered com-
plete. Its course has been traced from its mouth to the junction of the
Green and Grand, and the positions of incoming tributaries noted. The
greater part of the basins of the Grand and Green have undergone quite
thorough exploration and survey during the past ten years, as well as much
of the Great Colorado Plateau that borders the river in the vicinity of the
great canons.

These stupendous specimens of extended rock-carving that make up
‘the system of the cafions have been partially described and made known.
They stand without a known rival upon the face of the globe, must always
remain one of the wonders, and will, as circumstances of trausportation
permit, attract the denizens of all quarters of the world who in their travels
delight to gaze upon the intricacies of nature.

MAP.

The special map, on a scale of 1 inch to 6 miles, accompanying this re-
port shows, besides the line of the river from Camp Mohave to the mouth
of Diamond Creek and beyond, a number of the routes of the contiguous
land parties, and locates by careful projection for the first time this little-
known part of the river and its vicinity, embracing original detailed topog-
raphy not elsewhere published. Each camp is marked so that the posi-
tion stated in the text can be readily found. The western edge of this por-
tion of the Colorado Plateau, a name proposed by myself for this class of
elevated mountainous structures borde<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>