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DESCRIPTIVE GEOLOGY OF NEVADA SOUTH OF THE
FORTIETH PARALLEL AND ADJACENT PORTIONS OF
CALIFORNIA.

By JosiAH EDWARD SPURR.

INTRODUCTION.

The field work upon which the present bulletin is based, so far as
the writer’s labors are concerned, was done in the summer and fall of
1899. After visiting the Wasatch Range to study briefly the Wasatch
Paleozoic section, as determined by the Fortieth Parallel Survey, the
writer proceeded to Eureka, in Nevada, and there spent two weeks in
studying that section, the best and most complete yet discovered in
the far West. TFeeling finally ready for untried ground, the expedi-
tion, consisting, besides the writer, of a teamster, a cook, and an assist-
ant, left Eureka and proceeded southeastward to Hamilton, and then
to Ely. From Ely the route ran to Osceola in the Snake Creek Range,
thence across that range and northward up Snake Valley to Pleasant
Valley, where a westward course was again taken. Schellbourne
and Cherry Creek, the latter in the Egan Range, were next visited,
and thence the way led northwestward to Ruby Lake, and so back to
Bureka. During partof this journey some of the region which had been
mapped by the Fortieth Parallel Survey was traversed, this route being
purposely chosen so as to permit study in the field of the application
of the Tortieth Parallel geologic section. After replenishing sup-
plies at Eureka the expedition took the road southward to Hot Creek,
and thence proceeded westward to Belmont. The country to Carson
‘was then traversed, the more or less inactive mining camps of Ione,
Ellsworth, and Downieville and the Indian reservation at Walker
Lake being passed. At Carson a short time was spent, and the famous
Comstock lode and the southern end of the Virginia Range were
visited. From Carson the route was southwestward past Wellington,
Hawthorne, Sodaville, Columbus, and Silver Peak, to Lida. From
Lida the course was again toward the east, and the State of Nevada
was crossed again by way of the Ralston Désert, Twin Springs, and
White River, to Pioche. TFrom Pioche, Meadow Valley Canyon was
followed southward to the Indian reservation at Moapa or West Point,
not far from the Colorado, then, a turn to the west being made, the
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State was crossed a third time, by way of Indian Springs and Pah-
ramp Valley, into California. - Funeral Range was crossed and Death
Valley entered at Furnace Creek. IFrom here the expedition went
southward, and, crossing the Panamint Range at Windy Gap, pro-
ceeded by way of Granite Wells to Johannesburg.” -From Johannes-
burg the party proceeded across the Mohave Desert, crossing the
Santa IFe Railroad at Hinckley. Finally San Bernardino was reached,
which was the end of the journey. This trip lasted about five months,
and comprised over 2,000 miles of actual travel.

The primary object of the expedition was to make the roughest kind
of a general geologic map, such as might fill up the great gaps in'the
map of the western United States. It being the intention of the Sur-
vey to publish a general geologic map-of the United States on a scale
of about 40 miles to the inch, no great amount of detail was advisable
or possible. On account, also, of the rough and inaccurate manner in -
which much of the region of the western United States has been
already mapped, it was not advisable to undertake to do any work of
higher grade. ‘

In order to accomplish the style of mapping desired with as much
economy of time and labor as possible, the writer determined to avoid
any duplication between his route and those already traveled by geolo-
gists, and carefully planned his journeys with that end in view. On’
the north the area which he undertook to investigate was bounded by -
the geologic maps of the Fortieth Parallel Survey (atlas maps 4 and 5);
on the east it was bounded by the geologic maps of the Wheeler sur-
vey; and on the west chiefly by a reconnaissance map of the Sierra
Nevada published by Mr. . W. Turner in the Seventeenth Annual
Report of the United States Geological Survey, Part I; on the south
there was no definite boundary.

" Within the area to be mapped, about the only important journey
that had been made by a geologist had been accomplished by Mr.
Gilbert in 1871, while with the Wheeler Topographic Survey. His
route, with the other boundaries already mentioned, is shown on P1. IT.
The writer was able to so plan his route with reference to the work -
of Mr. Gilbert and to the maps which bounded the area that hardly
any point in the region examined can be found which is more than 30
miles from a point of observation. This in any country would prob-
ably be sufficient for a reconnaissance map on a scale of 40 miles to
the inch, but in the Great Basin region of Nevada and California the
conditions are especially favorable, so that a map can be made having
far more value than in ordinary regions. The clear air, the lack of
vegetation, and the general continuity of formations parallel with the
north-south ranges all combine to make a reconnaissance more satis-
factory than usual. The attitude of strata or a conspicuous formation
may often be followed 15 or 20 miles along the front of a mountain, by
the aid of a field glass, from a single point.
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The foregoing explanation indicates clearly enough the character
of the map and the weight which should be placed upon it. The
data along the lines of reconnaissance, often obtained on forced
marches of 20 or 30 miles a day, are oftentimes meager and unsatis-
factory. DBetween the lines of actual travel the data are still less
reliable, and a great deal of the mapping has been done simply from
inference. Thus it is probable that anyone examining closely the
detail of the map will find it nearly all inaccurate, while one looking
for the main principles will recognize the general correctness of the
mapping and the value of the map as a pioneer.

The inaccuracy of the map is unavoidably heightened by the lack
of a suitable topographic base. The present base has been prepared
in a very rough and unsatisfactory way, chiefly from the Wheeler and
other early surveys. It is a source of regret to the author of the'bul,
letin that so rough a topographic map must be presented as the vehicle
for his geologic information.

Within the text of the bulletin an eifort has been made to uwe
clearly the known facts concerning the geology, whether obtained by
the writer or previously. IFull credlt is given to previous work,
although it can not always be given in-the map compiled from this
information. The chief sources, however, are shown on Pl. IL.¢

The writer has judged it most advisable to confine the text to
descriptive matter. General results, espacially those involving appli-
cation of theory, have been withheld or published separately. Amon g
these general results the author has published two papers on volean-
ism in the Journal of Geology, entitled The Succession and Relation
of Lavas of the Great Basin Region (October-November, 1900), and
Transitions of Texture in certain Tertiary Igneous Rocks of the Great
Basin. A petrographic paper on Quartz-muscovite Kocl: fromn Bel-
mont, Nev., has been published in the American Journal of Science
(November, 1900). A paper on the Origin and Structure of the
Basin Ranges was read before the GOO]()"IC(tl Souety of America at
Albany, Dccember 1900.

wAfter the above was written, and while the bulletin wasin gxllley proof, rew information was
received as a result of the studies of Messrs. Weeks and Rowe, of the U §. Geological Survey.
The studies of Mr. Weeks were made in-1900; those of Mr, Rowe in 1900 and 1901. The results of
these have been incorporated in the bulletin, <

Bull. 208—03




- EXPLANATION OF FORMATION NAMES.

The following is a brief explanation of formation names usod in this
work. Names are arranged alphabetically,

Aubrey limestone and sandstone.—These names were applied by
Messrs, Gilbert and Marvine in 1871 to formations in the Colorado
Canyon region. The limestone lies above the sandstone and has a -
thickness of 820 feet on Kanab Creek. At a few points in the top-
most layer were found a group of shells suggesting the Per mo-Carbon-
iferous of the Mississippi Valley, indicating that the <r1eat Paleozoic
lithologic change at this horizon marks the absolute close of the
Carboniferous age. Lithologically tho limestone is characterized by
a great abundance of chert, which toward the top sometimes consti-
tutes half the mass. Near the middle it is in some places interrupted
by a belt of shale with gypsum.

The underlying Aubrey sandstone series has a thickness in the
Aubrey cliffs and along the Grand Canyon of about 1,000 feet. In
every exposure a portion of this body is massive and cross bedded and
another portion soft and gypsiferous, but the order of these parts is
not constant. The sandstones contain no fossils, but an intercalated
limestone below the middle of the series at Canyon Creek bears famil-
iar Coal Measures shells.®

Chuar series.—This name was introduced by Mr. C. D. Walcott in
1883 for a part of the Lower Cambrian of the Grand Canyon region.
Mr. Walcott divided the Grand Canyon group of Major Powell into a
lower and anupper division, the Grand Canyon and the Chyar. In1886
the reference to the Lower Cambrian was changed to pre-Cambrian.
In 1890 these strata were referred to the Algonkian system. In 1894
Mr. Walcott again classified the Algonkian, dividing the Grand
Canyon series of this system into the upper (Chuar) series and the
lower (Unkar) series. The Chuar is separated by an unconformity
from the overlying Cambrian (Tonto series).?

Diamond Peak quarizite.—This name was given by Mr. Hague to
the lowest lithologic member of the Carboniferous at Eureka, Nev.
At this place the Diamond Peak quartzite consists of 3,000 feet of mas-
sive gray and brown quartzites, with brown and green shales at the
summit. It underlies 3,800 feet of heavy bedded, dark-blue and gray,

aTU, 8. Geog. Surv, W. ‘One Hundredth Mer., Vol. III, p. 177,
bFourteenth Anu. Rept. U. 8. Geol. Survey, Part II, p. 506.
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Lower Coal Measures limestone, which contains intercalated beds of
chert and argillaceous beds near the base. The Diamond Peak quartz-
ite is not a persistent lithologic térrane, and is not recognizable with
confidence at any great distance from the Eureka section.

Esmeralda formation.—This name was applied by Mr. H. W. Tur-
ner¢ to Tertiary formations in the Silver Peak Range, in the west-
ern part of Nevada. These deposits consist of sandstones, shales,
voleanic tuffs, breccias, conglomerates, and great thicknesses of
lacustrine marls. Coal beds and plant remains occur; also fossil
shells and fish bones. From the evidence afforded by these fossils,
the age of the beds was broadly determined as late Eocene or early
Miocene.

Fureka quartzite.—This name was applied by Mr. Hague to the mid-
_dle of the three divisions of the Silurian in the Eureka district. This
division here consists of 500 feet of compact vitreous quartzite, white
or blue in color, and passing into rock of reddish tints near the base,
with indistinct bedding. It overlies the Pogonip limestone, and is
separated from the overlying Silurian Lone Mountain limestone by an
unconformity. The Eureka quartzite appears to be one of the most
persistent lithologic terranes of the Nevada Paleozoic. It has been
recognized over a wide area.

Grand Canyon group.—The name Grand Canyon group was given
by Maj.J. W.Powell to the strata in the Grand Canyon region beneath
the Tonto sandstone and above the Grand Canyon schists. The
latter were referred tentatively to the Eozoic, and the 10,000 feet of
the Grand Canyon group to the Silurian. In 1883 Mr. C. D. Walcott
referred Major Powell’s Grand Canyon group to the Lower Cambrian
and separated it into an upper and a lower division, the Grand Canyon
and the Chuar. In 1886 these rocks wers referred by Mr. Walcott to
the pre-Cambrian, and in 1890 to the Algonkian. In 1894 Mr. Wal-
cott subdivided the Grand Canyon group of the Algonkian into the
Chuar and the Unkar series. The Grand Canyon group is separated
by an unconformity from the overlying Cambrian (Tonto sandstone),
and by a great unconformity from the underlying Vishnu series of
schists.

Hamburg limestone and shale.—The Hamburg limestone and shale
are the uppermost divisions of the Cambrian as defined by Mr. Hague
in the Eureka district, Nevada. The Hamburg shale lies at the very
top and consists of 350 feet of yellow argillaceous shale containing
layers of chert nodules, especially near the top. The underlying
Hamburg limestone consists of 1,200 feet of dark-gray.granular lime-
stone, with only slight traces of bedding. The Hamburg shale is
characterized by well-developed Upper Cambrian fauna.?

aAm. Geol., Vol. XXV, p. 168.
bSecond Ann Rept. U. 8. Geol. Survey, p. 27; Third Ann. Rept., p. 255.
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Humboldt series.—This name was applied by King?® to a series of
loose, friable Tertiary rocks, carrying very recent fresh-water mol-
lusks. This series is found at intervals all over the northern portion
of the Great Basin region, from the Sierra Nevada into Utah. Mr. -
King regarded all these beds, which from their fossils were referred
to the late Pliocene, as lake deposits and as representing the sedi-
ment of a single lake out of which the numerous lofty mountain
masses rose in a complicated system of islands.

Kotpato formation.—This name was applied by Mr. King? to one of
the two chief divisions of the Triassic in western Nevada. Ile
describes the Ioipato as made up of siliceous and argillaceous beds,
whose chemical peculiarity is the almost total absence of soda and
lime and the high percentage of alumina and potash. This series has
an observable thickness of about 6,000 feet, with an unknown quan-
tity to be added for the unseen beds at the bottom. The Koipato is
overlain by the Triassic Star Peak series.

Lone Mountain lumestone.—This name was given by Mr. lague
to the uppermost division of the Silurian in the Eureka district. It
consists of 1,800 feet of strata. At the base are black gritty beds
passing into light-gray siliceous rocks with all traces of bedding
ohliterated. There are Trenton fossils at the base and Halysites in
the upper portion. The formation is separated from the underlying
Silurian Eureka quartzite by an unconformity, and is overlain con-
formably by the Devonian Nevada limestone. -

Nevada limestone.——The Nevada limestone, as defined by Mr.
Hague,¢ is the lower member of the Devonian series at Eureka. It
consists of 6,000 feet of limestone.” The lower horizons are indis-
tinctly bedded, with saccharoidal texture and gray color, passing up
into distinetly bedded strata, reddish brown and gray in color, fre-
quently finely striped, producing a variegated appearance. The
upper horizons are massive, well bedded, bluish black in color, and
highly fossiliferous. The Nevada limestone overlies the Silurian
Lone Mountain limestone at Eureka and is overlain by the Devonian
‘White Pine shale. ]

Ogden quartzite.—This term was applied by King? to a sheet of
siliceous sediment, in general compacted into a quartzite. Mr. King
stated that this formation had a remarkable evenness over all the
Paleozoic area west of and including the Wasatch. In its typical
locality, Ogden Canyon, Wasatech Range, it was stated to be 1,200
or 1,400 feet thick; at Cottonwood Canyon.1,000 feet, and in middle
Nevada from 800 to 900 feet. In Ogden Canyon it is bounded at
the top and bottom by thin beds of greemish-gray argillites; and

a U, 8. Geol. Expl Fortieth Par., Vol. I, p. 434.

bIbid., p. 346. : ’

¢ Third Ann. Rept. U. S. Geol.. Survey, p. 253,

a0p. cit., p. 234. *
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about the middle of the quartzite is a thin bed of white, slightly silice-
ous marble. No fossils were found in this formation, but it was
referred to the Devonian, since it was found to overlie the Pogonip
limestone, which contains Lower Helderberg fossils, and is overlain
by the Wasatch limestone, whose basal beds contain Upper Helder-
berg forms. ' .

Pogonwp formation.—King® described the Pogonip limestone in
middle Nevada, in the regions of White Pine, Eureka, Pinyon, and
Roberts Peak ranges, as being Cambrian in the lower half and con-
taining Silurian fossils in its upper 2,000 feet. In the Eureka sec-
tion, the term Pogonip was limited by Mr. Hague? to the Silurian
portion of the series, which consists of 2,700 feet of interstratified
limestone and argillites, with arenaceous beds at the base. These
rocks pass into pure, fine-grained limestone of a bluish-gray color,
distinetly bedded. They are highly fossiliferons. The Pogonip lime-
stone is the lowest member of the Silurian of the Eureka section. - It
overlies the topmost member of the Cambrian, the Hamburg shale,
conformably, and is conformably overlain by the Silurian Eureka
quartzite. .

Prospect Mountain limestone and quartzile.—These names were
given by Mr. Hague? to the two lowest divisions of the Cambrian sec-
tion at Eureka, Nev. The Prospect Mountain quartzite is the lowest
and consists of 1,500 feet of bedded brownish-white quartzites, weath-
ering dark brown but whiter near the summit. The guartzites contain
intercalated thin layers of arenaceous shales, and are ferruginous
near the base.

The quartzite is overlain by the Prospect Mountain limestone,
which consists of 3,050 feet of gray, compact limestone of rather light
shade, traversed by thin seams of calcite. It has very imperfect bed-
ding planes. The upper portion of the Prospect Mountain quartzites

" is characterized by the Olenellus or Lower Cambrian fauna; and the

Prospect Mountain limestone by the Middle Cambrian fauna of the
Rocky Mountain section.

Red Wall limestone.—This name was applied by Messrs. Gilbert
and Marvine© to a heavy Carboniferous limestone in the Grand Can-
yon region. This limestone has a gray color on fresh fracture, but
shows a red rust on weather-stained cliffs. It is generally heavy
bedded to massive. At the top sandstone alternates with limestone
for from 200 to 500 feet. Through its lower half the limestone is
interrupted by occasional shaly bands. The average. total thickness
is 2,500 feet. Fossils are abundant near the top but rare in the lower
part. The upper portion contains Coal Measures fossils. The lowest

aU. 8. Geol. Expl. Fortieth Par., Vo). I, p. 232.
b Third Ann. Rept. U. S. Geol. Survey, p. 25.
¢U. 8. Geog. Surv. W. One Hundredth Me:., Vol. III, p. 178.
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fossils were obtained just below the middle of the series, and were
doubtfully referred to the Lower Carboniferous.

Secret Canyon shale.—This name was applied by Mr. Hague?® to
a division of the Cambrian in the Eureka district overlying the
Prospect Mountain limestone and underlying the Hamburg-lime-
stone. It consists of 1,600 feet of yellow and gray argillaceous
shales, passing into shaly limestone. This formation is characterized
by a fauna that may be referred to the upper portion of the Middle
Cambrian.

Star Peale formation.—This name was applied by Mr. King? to the
uppermost of the two great divisions of the Triassic of western
Nevada. 'The series consists of 10,000 feet of strata, made up of an
alternation of three great limestone zones and three interposed quartz-
ite zones. The upper two quia,rtzites represent moderately pure sili-
ceous sediment, while the lower quartzite closely follows the physical
and chemical peculiarities of the underlying Triassic Koipato series.
The fossils of these limestones are marvelously like the St. Cassian
and Hallstadt of the Austrian Alps. Directly overlying the upper-
most Star Peak quartzite is a limestone carrying Lower Jurassic or
Liassic formns, and succeeded upward by an immense series of a,1g11-
lites of unknown thickness.

Tonto shale and sandstone.—The name Tonto was applied by Mr.
G. K. Gilbert® in 1874 to a series of sandstones and shales lying
between the subjacent granite and the superjacent limestones which
occur at the mouth of the Grand Canyon in Arizona. He considers
~ the formation of Primordial age, and it has been since found to con-
tain an Upper Cambrian fauna.¢

Truckee formation.—Mr. King¢ proposed the name Pah-Ute Lake
for a fresh-water Miocene lake, which is regarded as extending from
the region of the Columbia River, and perhaps still farther north, far
gsouth through Oregon and Nevada into California. To the beds of
this lake in the fortieth parallel area he gave the name of Truckee
Miocene. They are made up of 150 feet or less of detrital rocks and
gritty sandstones; with some conglomerate. Above these lie about
250 feet of palagonite tuff. - Above this is 250 to 300 feet and more of
infusorial silica, followed by 120 feet of detrital sandy rocks, contain-
ing also infusorial silica. Above these comes 60 feet of fresh-water
_ limestone, which is succeeded upward by 250 feet of detrital grits;
and the latter give away to an enormous formation of voleanic tuffs.
In Nevada the thickness of these volcanic muds is 2 000 or 3,000 feet;
in Oregon it is even more.

«Third Ann. Rept. U. 8. Geol. Survey, p. 255.
bU.8.Geol. Expl. Fortieth Par., Vol. I, p. 346.

¢ Bull, Washington Philos. Soc., Vol. I, p. 109.
dC.D. Walcott, Bull. U. 8. Geol. Survey No.81,p.245,
e Op. cit., p. 454.
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Unkar formation.—This has alrveady been mentioned, under the
headings Grand Canyon and Chuar, as the lowest division of the
Grand Canyon group of the Algonkian in the Grand Canyon section.
It is overlain conformably by the Chuar, and separated below by a
great unconformity from the Vishnu series.

Wasatch limestone.—The term was applied by King® to an enor-
mous body of limestone seen in the Wasatch and farther west, but
not to the east. He deseribes it as a single body of limestone about
7,000 feet in thickness, holding its enormous volume with remarkable
evenness wherever observed over Utah and Nevada. It is underlain
by the Ogden quartzite, from which it is lithologically sharply distin-
guished. Above, it passes into the great Weber quartzite, but there
is an alternation of sandstone and limestone beds at this transifion
and the thickness of these intercalated beds is very variable, reach-
ing sometimes about 1,000 feet.

The lower 1,400 feet of the Wasatch limestone was regarded: as
Devonian. Above this is 300 or 400 feet of dark, heavy limestones
carrying fossils resembling those of the Waverly group, but which
perhaps are closer to the Devonian. Directly above these are 400 or
500 feet of dark beds carrying Lower Carboniferous fauna, and above
these the upper 4,500 feet of the limestone is characterized by abun-

dant Coal Measures fossils.

The term Wasatch was not retained in the Eureka sectlon,” the
Devonian and Carboniferous being subdivided into various forma-
tions. However, these lithologic subdivisions are not readily recog-
nizable at many other points in Nevada, and the old term is often
convenient.

Weber conglomerate.—Mr. King ¢ described the Weber quartzite as
a body of indurated sandstone and quartzite carrying occasional
sheets of conglomerate, interposed befween two bodies of Coal Meas-
ures limestone. He described it as obfaining a thickness of 2,000 feet
in the Wasatch, 8,000 feet in the Oquirrh, and probably more in
middle California. This formation overlies the Wasatch limestone
and underlies the Upper Coal Measures limestone.

The same formation was recognized by Mr. Hague¢ at Eureka,
where it is underlain by the Lower Coal Measures limestone and over-
lain by the Upper Coal Measures limestone. Its thickness at Eureka,
however, is only 2,000 feet. Here it consists of coarse.and fine con-
glomerates, with angular fragments of chert and layers of reddish-
yellow sandstone.

W hite Pine shale.—This term was applied by Mr. II‘wued to the

aU. 8. Geol. Expl. Fortieth Par., Vol I, pp. 235-239.

b Arnold Hague, Mon. U. 8. Geol. 3urvey, Vol. XX, p. 13.
cOp. cit., p. 240.

dLoc. cit.
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uppermost of the lithologic divisions of the Devonian in the Eureka
distriet. It consists of 2,000 feet of black argillaceous shales, more
orless arenaceous, with intercalations of red and reddish-brown friable
sandstone, - changing rapidly with the locality. The beds contain
plant impressions. The formation is underlain by the Devonian
Nevada limestone and overlain by the Carboniferous Diamond Peak
quartzite. These lithologic subdivisions seem to change rapidly as.
one goes away. from the Eureka district, and have not often heen
certainly identified. :



CHAPTER T.

RANGES OF EAST-CENTRAL NEVADA.

SNAKE RANGE.

The Snake Range lies next east of the Schell Creek Range and for
" the most part just west of the Nevada-Utah line. It is the most
conspicuous range between the Wasateh and the Humboldt. The.
northern end of the range has been variously called the Deep Creek
Mountains or the Ibenpah Mountains, while just south of this part of
the range a transverse ridge has been called the Kern Mountains; but
here they will all be included under the general name Snake Range.
The range, as thus defined, extends from about latitude 40° 15’ about
135 miles in a direction a little west of south. At its southern end it
_runs into a group of irregular mountains, probably in large part vol-
* canie, of which certain portions go by the name of the Cedar Moun-
tains, and the Pifton Mountains of Lincoln County.

TOPOGRAPHY.

The relief of the Snake Range is in general great. The mountains
are divided into irregular ridges which are broken and separated by
transverse east-west gaps. By two such gaps the so-called Kern
Mountains are separated from the rest of the range, and a similar but
lower gap occurs just north of Wheeler ov Jeff Davis Peak. This
peak has the highest elevation of any between the Sierra Nevada and

_the Wasatch, attaining over 12,000 feet (P1. III, 4). Directly south
of this the mountains decrease rapidly in height and pass into the low
voleanic peaks above mentioned. ’

Some of the erosion forms are interesting. On the east side of fhe
range, between Wheeler Peak and the Kern Mountains, a number of
springs furnish continual streams. At tha mouths of the gulches
from which. such streams flow the Pleistocene wash which covers the
hase of the mountains has been lowered fully 500 feet below the wash
on both sides, and the stream flows through this deposit hetween
steep banks 40 feet high. Where near-by gulches which do not c¢on-
tain any continual streams join the same detrital apron, the reverse
is the case, the gulches being fronted by huge alluvial fans higher
than the rest of the plateau. )

Considering the- gulches formed by theso continual streams and
comparing them with the neighboring gulches which do not contain
springs, we find a strong contrast. Smith Creek, for example, is

) 25
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a.spring flowing in the bottom of a magnificent narrow canyon,
. bounded by perpendicular walls 2,000 or 2,500 feet high. In these
walls are a number of large holes or caves in the limestones, which
evidently represent the former courses of the same spring that now
emerges in the gulch bottom. From the distribution of these caves it
appears that the spring has been flowing during all the time that the
canyon has been eroding and that its former underground courses
have been exposed by the down cutting. The adjacent gulches, which
do not continually contain running water, have V-shaped valleys with-
out box canyons, and.are much shallower.
In this canyon are small working mines.

ARCHEAN ROCKS.

Howell found fragments of granite in the wash which came down
from Wheeler Peak, and regarded this as Archean, underlying the
- undoubtedly Cambrian quartzite. TFarther north, on the east face of
the mountain, and on the north side of the gap which runs trans-
versely across the range north of Wheeler Peak, the writer found
abundant schistose granite in the drift and in one locality in place.
Where it was found in place it seemed to lie beneath limestones which
are probably Cambrian, with no intervening quartzite. Farther
north, also on the eastern side of the range, one finds continually
huge blocks of schistose granite mingled with the blocks of schistose
Cambrian quartzite. Upon the north side of the Kern Mountaing
granite is found in contact with the schistose Cambrian quartzite and
also with the overlying metamorphic limestones. The central portion’
of the Kern Mountains is made up of this granite, with the Cambrian
rocks on the flanks. A specimen examined microscopically proved to
be a biotite-muscovite-granite, approaching alaskite. On the borders
of the granitic mass are found siliceous granitic dikes, which cut the
Cambrian quartzite-schists. At one locality, which is on the south-
west side of Pleasant Valley and near the State line, is found a broad
belt of confused alaskite dikes showing a tendency to change into a
muscovite-biotite-granite on the one hand and into large quartz veins
on the other. '

Howell® notes that at the head of Deep Creek, only a few miles
north of Pleasant Valley, the erosion of the creek has laid bare gran-
ite underlying the quartzite and limestone. From here northward to
Uiyabi Pass, not far from the northern end of the range, he notes
that the base of the range is granite, overlain and flanked on the
west by quartzite and limestone.

From these evidences it would seem that the limestones and over-
lying quartzites which form the base of the ‘stratified series in the
Snake Range, and which will be presently shown to be Cambrian, are
ordinarily underlain by granite. But in at least one locality similar

aU. 8. Geog. Surv. W. One Hundredth Mer., Vol. III, p. 242.
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' granitic rock is locally intrusive into the Cambrian strata, and the
same has been suspected in other places. From the fact, however,
that the intrusive phenomena are of minor importance, and also from
the circumstance that where the Cambrian quartzite is schistose the
underlying granite also shows signs of movement, the writer inclines.
to the belief that the granite as a whole is really Archean and is the
basement upon which the Cambrian quartzites were laid down. So
thick a series of quartzites (amounting to several thousand feet)

naturally suggests a granitic land mass as their source. As regards

the occasional intrusive phenomena, it is possible that these represent
occasional outbursts of molten rock which found its way from the
lower and more heated regions up through the crust of hard Archean
granite and into the overlying Cambrian, being intrusive into the
Upper Archean as well as into the quartzites, although belonging prac-
tically to the same body as the basement granite. The writer would
suggest that this explanation may possibly apply to Big Cottonwood
Canyon, in the Wasatch, near Salt Lalke City, where the granite was
originally believed to be Archean, but where later observers have
noted intrusive phenomena.¢ .

SEDIMENTARY EOCKS.
CAMBRIAN,

In the southern part of the range, at Wheeler Peak, there are heavy

quartzites dipping in all directions, forming a gentle quaquaversal. .

Howell? notes the same quartzites for some distance south of the peak,
overlain by heavy bluish-gray limestones. Ile estimates the lime-
stones as 4,000 to 5,000 feet thick, and the underlying quartzite at
not less than 1,000 feet.

North of Wheeler Peak, at the mining camp at Osceola, the writer
observed these quartzites, and found on. the mountain just south of
the camp about 500 feet of pure white quartzite underlain by about
2,000 feet of massive gray quartzite, with some silvery slate. At
Osceola there is an east-west fault which brings together a massive
brown craggy-weathering quartzite on the north side and the silvery
slate with quartzite bands on the south. Above the quartzite; one mile
east of Osceola, there is a high bluff of dark-blue frosty lustered silice-
ous limestone with indistinet, probably organic, markings, similar to
the limestones just west of here, in the Schell Creek Range. About a
mile farther east the slight westerly dip of the limestones brings up
the same nunderlying silvery slates as were noted in the neighborhood
of Osceola and also in the Schell Creek section at the same horizon.
The limestones in the neighborhood of Osceola were estimated at
1,000 feet, thick, while the slates, as exposed in the Schell Creek sec-
tion, were roughly estimated at from 4,000 to 5,000 feet. A short

aC. R. Van Hise, Correlation Papers, Archean and Algonkian: Bull. U. 8. Geol. Survey No. 86,
p.289. .
bU. 8. Geog. Surv. W. One Hundredth Mer., Vol. III, ;. 241.
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distance farther east the slates are underlain by 300 feet of brown °
quartzite like that at Osceola, below which comes 600 feet of gray
quartzite. , - ‘

The following observations have been directly communicated to the
writer by Mr. F. B. Weeks, who made an extended trip in the Great
Basin region in the summer of 1900:

A few hundred feet below the summit of the ridge south of Osceola fossils were
found in the limestone and have been determined by Mr. Walcott as Lower
Cambrian. ) .

~About 8 miles northeast of Osceola the center of the range is occupied by hard
and massive drab and blue limestones, in which fossils collected at two localities
have been determined by Mr. Walcott to be Middle Cambrian forms. These Cam-
brian limestones are succeeded by Ordovician limestones. :

We have, then, in the neighborhood of Osceola a section of sedimen-
tary rocks resting upon the basal granite and consisting of atleast 2,500
feet of quartzites, succeeded by a thickness of silvery, somewhat
micaceous slates of uncertain but probably considerable thickness,
and these by at least a thousand feet of metamorphic. limestones.
The section is identical with that just west of here, in the Schell Creek
Range. -

About 20 to 25 miles south of Wheeler Peak Cambrian limestones,
overlain by Ordovician limestones, were also observed by Mr. Weeks.

All along the eastern side of the Snake Range, north of Wheeler
Pealk, is found the same section, although the overlying silvery slates
often become more quartzitic and pass into quartzite-schists. Just
north of the east-west gap crossing the range north of Wheeler Peak
a series of 2,500 to 3,000 feet of craggy-weathering brown or black
considerably altered limestones, reticulated by many veins and highly
jointed, was gone through. In this limestone no fossils were seen, but
above it is found limestone with Coal Measures fossils. The lower
limestone is believed to be in part Cambrian, for below it was found a
belt of about 200 feet of black shale, in which a number of fossils
were collected, which were determined by Mr. C. D. Walcott to be
Cambrian. Below this shale comes a peculiar 50-foot bed of white
marble, banded with gray, and beneath this upward of 1,500 feet of
highly schistose quartzite, producing the effect of a silvery slate.

From here north to the transverse gap which cuts across the range
south of the so-called Kern Mountains, one finds almost continuously -
the same quartzite-schists at the bottom of the section, sometimes
nearly approaching the condition of a mica-schist. Above this come
heavy bedded limestones, which weather brown, and which carry
indistinet and indeterminable fossil remains. Midway between the
northern end of the main portion of the Snake Range, south of the
Kern Mountains, and the Kern Mountains 'themselves, the same
metamorphic limestone was found in a butte. .

From observations all along this face of the range the thickness of
the metamorphic limestone was estimated at about 5,000 feet. A spec-
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imen of the limestone examined appeared to contain indistinct mecs
of organic forms, but was thoroughly recrystallized.

At the southeastern end of the Kern Mountains the same highly
altered limestone was found. Farther northwest, toward the heart of
the mountains, this is underlain by highly altered quartzite-schists
* with an intercalated band of marble similar to the section described
farthersouth. The schist is cut by numnerous dikes of siliceous granitic
rock, as above described. Thin sections of the schist examined
proved that it was orviginally quartzite, but the more metamorphosed
specimens showed the development of biotite and muscovite along
sliding planes, producing a muscovite-biotite-quartzite-schist.

In the mountains on the north side of Pleasant Valley Mr. Iowell®
has noted that the range is composed of quartzite overlying granite
and itself overlain by limestone. Ie also notes that there is fre-
quently a little shale between the limestone and the quartzite. At
Uiyabi Pass he estimated the limestone at from 3,000 to 5,000 feet.
He found there only from 200 to 400 feet of quartzite between the
granite and the limestone.

Along the north side of Pleasant Valley, at the base of the Deep
Creek Mountains, the writer noted the continuation of the altered
limestones that overlie the quartzites and shales of the Kern Moun-
tains. This limestone was traced mnorthwestward to the gap though
which the road runs northward to Deep Creek. Immediately west
of here it is replaced by less altcud limestone carrying Coal Mcas-
ures fossils.

We have, therefore, extending nearly the whole length of fhe
Snake Range, for 100 miles at least, a heavy quartzite resting upon a
basement of granite and overlain by slates, which in turn are overlain
by massive metamorphic limestones. The thickness of the quartzite
in the neighborhood of Osceola was estimated at not less than 2,500
feet, while Mr. Howell found only 200 or 400 feet at the northern end
of the Deep Creek Range. The thickness of the overlying shales or
slates seems to he likewise small at the northern end of the range,
while in the neighborhood of Osceola it is considerable, -and -was
roughly estimated by the writer, partly by comparison -with the
adjacent Schell Creek Range section, to be 4,000 to 5,000 feet. The
thickness of the massive limestones above was estimated by Mr.
Howell at Wheeler Peak at from 4,000 to 5,000 feet; by the writer, at a
point some distance farther north, at about 5,000 feet; and by Mr.
Howell at Uiyabi Pass at from 3,000 to 5,000 feet. But at the latter
locality Howell found Carbonifercus fossils, so that at least the upper
part of the limestone here can no; be included with the Cambrian.

The whole section corresponds in its chief features to the Cambrian
section of the Schell Creek Range, the Highland Range, and the section
at Eureka, and the Cambrian fossils found in the shale horizon above

aU. 8. Geol. Surv. W. One Hundredth Mer., Vol. III, p. 242.
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mentioned confirms the correlation. - We have therefore a roughly
estimated thickness of at least 12,500 feet of Cambrian in this range.

SILURIAN,

On the road which runs east from Osceola there was observed a
hard white quartzite about 400 feet thick, which was recognized in
the field as similar in every respect to the Silurian Eureka quartzite
of the Eureka section.

Northeast of this locality, about 4 miles north of Robinson’s
ranch (Pl IV, 4), a compact conglomerate, which will presently be
described as probably Mesozoic or Tertiary, contains large quanti-
ties of similar white quartzite, together with limestone fragments.
From some of the limestone fragments the following Ordovician
(Lower Silurian) fossils were obtained and identified by Prof. E. O.
Ulrich: '

Leperditia fabulites Conrad, variety.
Isochilina, sp. undet.

Lophospira, sp. c¢f. L. bicincta Hall.
Fragments of an Orthis near Tricenaria.

These conglomerates pass laterally into limestones and white
aunartzites, whence they are derived. The Leperditic above men-
tioned is found in the Pogonip terrane at Kureka, so that the lime-
stone here is very likely of the same horizon. This also strengthens
the previous tentative assignment of the quartzite to the Silurian.

Eight miles northeast of Osceola, in the center of the range, Mr.
F. B. Weeks?® observed, overlying Cambrian limestones, a different
series of purple, drab, and white limestones, in which the following
Ordovician fossils were found (determined by Professor Ulrich):

Fragments of crinoid columns.

Orthis (cf. lonensis and holstoni).
Dalmanella (cf. testudinaria).
Dalmanella (cf. emacerata).
Dalmanella (cf. perveta and pogonipensis).
Brachiopod of undetermined relations.
Maclurea. -

Eccyliopterus (near owenanus (H. & W.) Ulr.).
Helicotoma sp. undet.

Lophospira?

Cyrtoceras ? (very small).

Related to Serpulites dissolutus Billings.
Asaphus—fragments. (1)

Asaphus. )

Asaphus sp. undet. (3)

Asaphus (cf. curiosus). (4)

Bathyurus sp. undet.

Cyphaspis ? sp. undet.

Two undet. trilobites.

TNlenus (cf. americanus Billings).
Amphion (near salteri Billings).
Amphion nevadensis Walcott.

-aPersonal communication to the writer.
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Mr. Weeks states that about 20 to 25 miles south of Wheeler Peak,
in the bold escarpment 1,500 to 2,000 feet in height which facas Spring
Valley, the Ordovician limestones abut against the Cambrian with a
very high angle of dip. In this series the following fossils, deter-
" mined by Professor Ulrich, have been collected: ’

-First lot.

Orthis (near tricenaria).

Orthis (? type of plicatella).

Orthis (cf. bellarugosa).

Orthis n. sp. (near O. holstoni Safford). -
Dalmanella (type of testudinaria).

Dalmanella (type of perveta).

Dalmanella.

Hormotoma (near gracilis).

Leperditia bivia White.

Leperditella sp.

Leperditella ? sp.

Schmidtella n. sp. (near cmssmlargmata)
Bathyurus (? Dikellocephalus). Occurs elsewhere.
Bathyurus.

Amphion.

Asaphus.

Asaphus.

Asaphus ? ¢curiosus (Bﬂlmgs) ‘Walcott.

Second lot.

Fragments of large cystidean or Carabocrinus.
Orthis tricenaria-costalis.

Orthis pogonipensis ?

Orthis n. sp. (near O. holstoni Safford).
Eccyliopterus—fragment.

Endoceras of new type.

Leperditia bivia White.

Leperditia n. sp. (near bivia and fabulites).
Leperditia n. sp. (semlpunctate)

Schmidtella n. sp.

Illeenus sp. (? Thaleops).

Amphion nevadensis Walcott.

Bathyurus ? n. sp. (Occurs at raany localities.)

These fossils are types that were found by Mr. Walcott in the
Lower Pogonip{(Ordovician) at Eureka, and it is not probable that
an erosion interval of much importance occurs at this horizon.

The Carboniferous strata lie unconformably upon the Ordovician
in nearly horizontal position, and form the remaining portion of the
Snake Range. Between the Ordovician and the Carboniferous there
is a great interval of nondeposition, since the Eureka quartzite, the
Lone Mountain Mmestone of the Silurian, and the whole of the
Devonian as exposed at Eureka, are wanting in this section.
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Ty i .

N CARBONIFEROUS.

Mr. F. B. Wiédks? reports that near the southern end of the Snake
Range the Lower Silurian (Pogonip) rocks are directly overlain by
Carboniferous limestones. There is here a gap in the Paleozoic sec-
tion. The upper formations of the Silurian as exposed at Eureka
(the Eureka quartzite and the Lone Mountain limestone) are wanting,
as well as the whole Devonian section (8,000 feet thick at Eureka).
In a low pass near the southern end of the Snake Range Carbonifer-
ous fossils were found, which were determined by Dr. Girty as con-
taining species of Zaphrentis, Syringopora, and Reticularia.

In the section across the range eastward from Osceola, and just
north of Wheeler Peak, the Cambrian rocks are succeeded to the
east by a conglomerate made up chiefly of the peculiar metamorphic
Cambrian limestones, and also containing pebbles of the quartzite
and calcite veins which these limestonns hold. Between this locality
and the next outcrop to the west (which consists of Cambrian quartz-
ite and limestones), there is a gap of a few miles, covered by a drift
in which no rock outcrops were observed. Succeeding this on the
east is dark-gray, somewhat fetid, calcite-veined limestone, which is
very fossiliferous. This locality yielded the following Upper Carbon-
iferous fossils, which were determined by Dr. George H. Girty:

Fistulipora ? sp. .
Productus n. sp.

Productus sp.

Marginifera splendens.

Spirifer boonensis.

Amboceelia planiconvexa.

Seminula subtilita.

This is lithologically the same rock as the Upper Carboniferous on
the west side of the Schell Creek Range, where it also abuts against
the Cambrian.

This fossiliferous bed is succeeded farther east by similar limestones
and by beds of ferriferous quartzite. After about three-quarters of a
mile there comes in about 400 feet of hard white quartzite, which is
supposed to be Silurian.? The dip of this flattens so that it forms the
outcrops and the tops of the hills for a half mile east. Then comes
in, farther east, conglomerate made up of limestone fragments in a
reddish, finely triturated matrix. The fragments yielded the follow-
ing Upper Carboniferous fossils, which were identified by Dr. George
H. Girty:

Productus prattenianus.
Productus portlockianus?
Marginifera splendens.

Spirifer cameratus.
Seminula wira?

« Personal communication to the writer.
bSee p. 30.
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Proceeding northward from this point along the eastern face of the
- mountains, there was found, about 4 miles north of Robinson’s ranch,
a compact red conglomerate, made up mostly of white quartzite and
crystalline limestone full of calcite veins. The limestone fragments
yielded the following Ordovician (Lower Silurian) fossils, which were
identified by Dr. George I. Girty: Fragments of Orthis sp. and
Leperditia bivia.

From another fragment the following Upper Carboniferous fossils
were obtained: Rhombopora? sp. and lamellibranch fragments.

The angular shape of these fragments proves a shore formation.
Two hundred yards north the conglomerate passes laterally and
‘rapidly into the solid rocks from. which it is derived—Dblack, dark-
blue, and gray limestones, thoroughly seamed and crushed, and white
quartzite, having nearly the same attitude as the conglomerates. The
solid limestone carries fossils like shose in the conglomerate.” Follow-
ing: the section northward, one passes through 2,500 or 3,000 feet of
limestone to a belt of black shale in which Cambrian fossils were
found, as determined by Mr. C. D. Walcott.

From here northward as far as Pleasant Valley no Carboniferous
fossils were found. On the north side of Pleasant Valley the meta-
morphic limestones, which have been referred to the Cambrian, are
succeeded to the west, near the gap where the road to Deep Creek
rung, by comparatively unaltered although calcite-veined limestones,
which carry the following Upper Carboniferous fossils, as determined
by Dr.: George H. Girty:

Romingeria? sp. '
Fenestella sp.
Productus prattenianus.
Seminula mira?

Pugnax rockymontanus.
Dielasma? sp.
Edmondia? sp.
Pleurotomaria sp.
Bellerophon crassus?

TFarther north, at Uiyabi Pass, near the novthern end of the range,
Mr. Howell found a few fossils, among them Fusulina cylindrica, which
indicate Carboniferous age. These fossils were found in Carbonifer-
ous limestone which lies above the Cambrian quartzite, and probably
in the upper part of the limestone, the lower part being presumably
Cambrian.¢ This limestone, according to Mr. Howell,? is about 4,000
or 5,000 feet thick.

MESOZOIC OR TERTIARY.

~As described above, there was found on the road leading east from
Osceola a folded conglomerate made up of coarse limestone frag-

« See p. 29. bU. 8. Geog. Surv.'W. One Hundredth Mer., Vol. III, p. 242. '
Bull. 208—03——3

\
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ments carrying Upper Carboniferous fossils and evidently derived
from immediately adjacent Upper Carboniferous strata. This con-
glomerate may be part of a series which was examined for 4 miles
farther east, and seems to consist mostly of gray sandstones. The
sandstones are tilted toward the west, sometimes at angles of 45°; but
in one place seem unconformable with a knob of underlying lime-
stone. In the mountains a few miles north of Robinson’s ranch, as
before noted, there was found a compact red shore conglomerate,
composed of limestone fragments carrying Ordovician and Upper
Carboniferous fossils. This is 100 feet thick, and below it comes 50
feet of consolidated black limestone talus; below the talus.is again
500 feet of reddish conglomerate. This series dips 45° to the west,
~but 200 yards farther north it seems to pass laterally into the solid
rocks from which it is derived.

It thus appears that above the Upper Carboniferous limestone, and
separated from it by a distinet erosion interval, if not by an uncon-
formity, is a thick series of gray sandstones and limestone conglomer-
ates. We have no means of determining the age of these rocks.’
In its physical characters the series corresponds roughly to the Trias-
sic described in the Wasatch and eastward by Mr. King.¢ It may
also be possibly Eocene.? '

-,

PLIOCENE.

At the southeastern end of Pleasant Valley is a considerable area of
level-topped hills, which rise about 1,500 feet above the valley, and are
symmetrically eroded. They are composed of horizontal, slightly con-
solidated sands, with ledges of conglomerates. At the base of the
series the material is coarse and little arranged. .

Just north of here, on the west side of Deep Cr ek ValIey Mr.
Emmons¢ has deseribed beds of fine sand and marls, with some gravel
conglomerate, and notes that they have a general lithologic resem-
blanece to the Humboldt Pliocene. '

The Pleasant Valley strata also correspond in general appearance
to the supposedly Pliocene sands and gravels which are found over so
large a part of Nevada. They are far above the shore of Lake Bonne-
ville, as indicated by Mr. Gilbert,? and therefore appear to belong to
a body of water more anment and probably more extensive than the

Pleistocene lake
PLEISTOCENE.

Mr. Emmons¢ noted at the northern énd of the Deep Creek (or
Ibenpah) Range the terraces of a former lake, of which the highest was

«U. 8. Geol. Expl. Fortieth Par , Vol. I, pp. 260, 266, 344.
vIbid., p. 875.

cIdem, Vol. I, p. 475.

dMon. U. 8. Geol. Survey Vol. I, map.

¢Op cit., p.473.
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about, 800 f:aet above the desert level. This is perhaps one of the
terraces of the Pleistocene Lake Bonneville, afterwards described by
Mr. Gilbert.

‘

IGNEOUS ROCKS.

LAVAS.

At the southeastern end of Pleasant Valley occurs a series of small
buttes of hornblende-andesite. On the west end of this valley a mnod-
erately large area at the base of the mountains is of augite-aleutite.

DIKE ROCKS.

Along the north side of the Kern Mountains, in Pleasant Valley,
many acid dike rocks, varying from siliceous alaskite to muscovite-
biotite-granite, were found cufting the Cambrian quartzites and
limestone. Associated with these dike rocks are abundant quartz
veins. It is believed that these dikes have tome connection with the
probable Archean granite which underlies the quartzites. A specimen
of this granite, taken a few milss west of the dikes, proved to be
biotite-muscovite-gr amte

STRUCTURE.
FOLDS.

The general structure of the Snake Range, between Wheeler Peak
and the Kern Mountains, appears to be anticlinal, although the rocks
are mostly worn away from the eastern limb. The axis of the fold
runs along the east side of the mountains and is marked by a north-
south depression, with high hills to the east and the bulk of the
range to the west. The general dip on both sides of the axis is per-
haps nof more ‘than 20°, although it increases locally to 45° and even
more. :

In the neighborhood of Wheeler Peak, also, the rocks form a
gentle anticline. There’is also cross folding, with an east-west axis,
so that the peak occupies the center of a quaguaversal. A short dis-
tance south of the peak the western half of the principal north-south

“striking anticline is removed, leaving the ridge monoclinal.

At the northern end of the range Mr. Howell® noted that the strue-
ture of the range is anticlinal at Uiyabi Pass, but from there to
Pleasant Valley it is appaleutly monochnal only one limb of the anti-
cline being exposed.

The Kern Mountains, south of Pleasant Valley, appear to consist
of an anticlinal fold, w113h northwest-southeast axis transverse to the
general trend of folding

: FAULTS,

Mr. Howell® noted a cross fault runn ing east and west about 4 or 6
mlles north of Wheeler Peak, having a downthrow.to the south.

aU. S Geog. Surv. W. One Hundredth Mer., Vol. III, p. 241. bIhid.
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The writer recognized this fault, and 4 or 5 miles north of it a parallel
fault, which seems also to have been downthrown to the south.

Mr. Weeks® states that about 10 miles northeast of Osgeola, in the
central part of the range, the Cambrian limestones are broken by
numerous faults which strike northwest and southeast. The massive
blue limestones which form the upper part of the series are repeated
several times by small faults of 200 to 300 feet throw. The general dip
of the Cambrian series is to the north-northwest, and the dip of the
Ordovician to the east-northeast. There appears to have been an
upthrust of the Cambrian which has brought the successive limestone
bedsof the series in juxtaposition with the Ordovician. The existence
of a heavy fault Detween the Cambrian and Ordovician is clearly seen
in the southern portion of the Snake Range.

On the north side of the Kern Mountains a belt of quartz veins and
siliceous granitic dike rocks, running northwest along the base of the
mountains, appears to be along a fault zone. . On the north side is the
crystalline nearly black Cambrian limestone, while on the south side
come schists which represent the top of the underlying Cambrian
quartzite. The vertical separation of the fault is probably at least

several hundred feet.
» ORES.

At Osceola, just north of Wheeler Peak, the Cambrian quartzites
and slates carry gold. Counsiderable placer and some vein gold has
been taken from this district.

On the east side of the range there are small mines and prospects
in a number of places. In some localities the coincidence of mineral-
ization with the presence of a spring flowing in a box canyon leads to
the hypothesis that it was these same waters which formerly brought
about the ore deposition. Along the walls of such canyons, high
above the present bed, ancient water channels in the limestone rock
show that the spring has existed since near the time when the erosion
of the canyon began. '

CEDAR RANGE AND CLOVER VALLEY MOUNTAINS,.

The Cedar Range consists of broad, irregular, often mesa-like hills,
lying south of the Snake Range and northeast of Pioche. Southward
from the Cedar Range, and between it and the Mormon Range, there
lies to the east of Meadow Valley a wide area of irregular mountains
with no definite system of ridges. In these mountains is Clover
Valley, whence is taken the name applied here.

The Cedar Range and the Clover Valley Mountains may be consid-
ered together for purposes of description. They have been partly
mapped by the Wheeler survey,? and they have been observed by the
writer af several points. So far as known, they consist entirely of
lavas. ' '

aPersonal commuuicatio.n to the writer. ’
bV, S.Geog. Surv. W, One Hundredth Mer., atlas, geologic map No. 58,
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The geology of these mountains has not been studied in detail, but
it is undoubtedly much the same as that described in Meadow Valley
Canyon,;¢ which is a chasm cut deep into the same volcanic series.
By analogy with the rocks in this canyon, we may suppose that the
lavas of the mountains under consideration are associated with de-
rived sediments and that these lavas were ejected at different periods.
The rock species will probably be found to be varied, ranging, as
in Meadow Valley Canyon, from basal rhyolite through andesites,
dacites, latites, ete., to the youngest rhyolite and olivine-basalt.

ANTELOPE RANGE.

The Antelope Range is a comparatively insignificant group, about
30 miles long, lying just west of the northernmost portion of the
Snake Range (Deep Creek Range).

The central part of the range possesses a topography of considerable
relief, with an especially bold face on the east side (PL IV, B), while on
the north and on the south ends the mountains give way to low hills,
which finally disappear under the Pleistocene detritus of the valleys.

SEDIMENTARY ROCKS.

On the eastern side of the range, about 3 miles west of Warm
Spring,-_rs,~ the ‘Eureka quartzite is exposed near the base of the moun-
tains, measuring about 200 feet in thickness. Above this come 700 to
800 feet of dark-blue (probably Lone Mountain) limestone, having the

. characteristic texture of this formation in the Eureka district. From
here to the crest of the range comes limestones (probably Devonian?)
consisting of dark-blue and gray alternating bands. TFrom the
extreme base of the mountains the following fossils were found:
Leperditia bivia? White (very poor); Dalmanella perveta? They are
Ordivician (Lower Silurian) species, as determined by Prof. E. O.
Ulrich. These fossils are characteristic of the Pogonip horizon at
Eureka.

To the north of this locality, along the eastern face of the moun-
tains, the strata lower gently, so thaf the probable Lone Mountain
and Nevada formations (Upper Silurian and Devonian) extend for
several miles. To the south the strats rise and the Eureka quartzite
passes half way to the top of the mountains, exposing the underlying
Pogonip (Lower Silurian) beds. ‘

This belt of stratified rocks is cuf off to the north and to the south
by the volcanic rocks which form the greater part of the range.

IGNEOUS ROCKS.

Along the eastern base of the range, at the foot of the mountains
composed of Paleozoic strata, there<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>