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OUTLINE OF THE REPORT.

Gold was discovered in the Manhattan district in 1905, although quartz
veins in the vicinity of Manhattan had been worked as early as 1866. The
district immediately became one of the *“boom camps” of Nevada. The
greatest production was reached in 1911, and since that time mining has
declined. Placer gold from the deep gravel of the gulch has added to the
total output. o .

Manhattan is in the southern part of the Toquima Range, about 35 miles
north of Tonopah.” The geology is extremely complex. The southern part of
the district is underlain by closely folded Paleozoic rocks. For purposes of
mapping these have been divided into five units, to four of which local numes
have been given. The oldest of these units, probably of Cambrian age, con-
sists dominantly of siliceous mica schist but contains beds and lenses of
quartzite and dark sandstone and five beds of crystalline limestone. The total
thickness exposed is estimated to be about 5,000 feet. Above this, and pro-
visionally assigned to the Ordovician, is about 800 feet of chloritic schist,
altered by thermal metamorphism to “knotted” schist. This unit in turn
is followed by 800 feet of gray limestone, partly altered to black jasper,
which near the top grades into black slates. The lowest fossiliferous stratum
is a thin bed of black slate containing graptolites, which is separated from
the underlying limestone by a thin layer of quartzite. The graptolites are of
Normanskill (Ordovician) age. Above the graptolite bed is limestone similar
in character to that below, followed by a great thickness of chloritic schist,
with here and there thin beds of cherty slate and crystalline limestone. The
total thickness of this group of beds probably exceeds 4,000 feet in the area
mapped.

There are also isolated outcrops of sandstone, in which fossils of probable

Permian age have been found.
. Granitic rocks intrusive into these sediments and probably of early Cretaceous
age occupy a large part of the range to the north and south of Manhattan.
Although these granitic rocks crop out over only a small part of the area
mapped in detail in connection with this report, the older sediments are
everywhere more or less metamorphosed, and siliceous aplite dikes are abundant
within them.

Tertiary rocks occupy the northern part of the Manhattan district.. Most
of them are correlated, chiefly on lithologic grounds, with the Siebert forma-
tion of the Divide and Tonopah districts and are therefore inferred to be
of upper Miocene age. The oldest member is a breccia made up of fragments
of the older rocks and believed to be an ancient cemented talus deposit.
This is followed by rhyolite and rhyolite tuff, then by porphyritic rhyolite and
a considerable thickness of lake beds, and these in turn by quartz latite.
Later came intrusions of rhyolite and andesite porphyry. The youngest of
the volcanic rocks is a flow of dacite, probably of Pliocene age, in the north-
western part of the district. ’

The Paleozoic rocks are closely folded. The principal anticline, which
brings the Cambrian (?) rocks to the level of the present surface, is over-
turned to the north and truncated by a fault that has thrust the lower part

VII o



VIII MANHATTAN DISTRICT, NEVADA,

of these rocks above those of probable Ordovician age. The latter rocks are
themselves compsessed into close folds that pass forward into a large over-
turned syncline. The upper contact of the Cambrian (?) formation is masked
by a normal fault.

The granite intrusion appears to have had little effect on the structure,
though some of the minor normal faults in the productive part of the district

~may have been initiated at this time.

The Tertiary rocks show for the most part oentle northerly dips but are cut
by several faults, Two periods of Tertiary faultmg are represented—one prior
to the intrusion of the andesite porphyry and the other later. The many.
normal faults that cut the older sediments are believed.to be almost entirely
of late Tertiary age, though it was not possible to trace the faults into the
area of Tertiary rocks. Although there may have been some movement in
Pleistocene time along the west front of the Toquima Range, this range offers no
such topographic evidence of faulting as is presented by the prominent fault
scarp that forms -the eastern face of the Toyabe Range, a few miles to the
west.

The formation of the present Toquima Range dates from late Pliocene or
early Pleistocene time. An old erosion surface, of which remnants exist
along the crest of the range, is considered to be of late Pliocene or early
Pleistocene age.

The history of Manhattan Gulch can be traced in the gravel remnants on
the sides of the valley and in the different types of gravel deposits in the gulch
itself. The gold-bearing gravels of the gulch contain fossils that are of Pleisto-
cene age, and the succeeding history of the gulch, as interpreted from its
deposits, can be roughly correlated with the climatic cycles shown by Lake
Lahontan. _

The lode deposits of the district belong to two different periods of mineraliza-
tion, one following the granite intrusion and the other of late 'Tertiary age.
The deposits of the earlier period consist of sulphide-bearing quartz veins
and are not industrially important in the Manhattan district. The deposits of
the later period include veins in the Tertiary lavas and intrusive rocks and the
deposits in the Paleozoic rocks that by their texture and mineral composition
indicate formation at shallow depth.

The veins in the lavas consist principally of comby quartz with pyrite and
a little free gold and have so far been only slightly productive. To the same
type, however, belongs a deposit of silicified tuff, which has been quarried for
use as tube-mill pebbles.

The shallow vein deposits of the Cambrian (?) schist have been the most
productive of the district. They consist of comby quartz, adularia, and tabular
calecite replaced by quartz and adularia, and they carry free gold. In some
places they form a network along the bedding and jointing of the schist; else-
where they form definite lodes.

The ore deposits in the Cambrian (?) limestone are nnuemloglcall\ both
complex and varied. Mineralization of economic character has been largely
confined to the third of the five limestone beds. The limestone is cut into small
blocks by normal faults. The larger of these faults are of postmineral age,
but many of the smaller ones appear to be closely connected with the minerali-
zation. Among the more abundant gangue minerals are coarsely crystalline
calcite, fine-grained quartz, fluorite, sericite, leverrierite, and adularia. The
metallic minerals include realgar, orpiment, stibnite, pyrite, arsenopyrite, and
free gold. It is thought probable that two periods of primary mineralization
are represented in these deposits.

/‘*’W,



OUTLINE OF REPORT. X

The arsenical minerals, which are practically confined to the White Caps
mine, offer an interesting problem. The realgar is believed to be of hypogene
origin, though it may have been derived from arsenopyrite by later hypo-
gene solutions. The orpiment is clearly a supergene alteration product of the
realgar. The gold obtained from the ore in which realgar occurs carries al-
most no silver, in contrast to that of the other mines, where the fineness of the
bullion is about 700.

Downward enrichment appears to have produced much of the extremely
rich ore mined in the early days of the coamp and is believed to have taken
place in certain of the ore bodies in the Cambrian(?) schist, even at consider-
able depth.

The overthrust fault, though older than the productive mineralization, ap-
pears to have been a notable factor in the localization of the ore deposits,
for the principal mines all occur on the hanging-wall side and not far from
the fault itself. Smaller normal faults of later date appear to have furnished.
channels for the ore-bearing solutions, and faulting later than the minerali-
zation has added to the complexity of the structure.

The unproductive veins are believed to be of Cretaceous age. The younger
deposits, on the other hand, can not he older than late Miocene nor younger
than late Pliocene. Apparently in the later part of Miocene time there was
considerable metallogenetic activity throughout the Basin Range region.

The limestone ores show several features in common with the vein deposits
and are probably of the same age, though the realgar and stibnite may repre-
sent a later stage of Tertiary mineralization, and there is some evidence that
the formation of the coarse white calcite, the earliest mineral of the deposits,
dates back to the time of the granite intrusion.

Placer gold is found in the older gravels, of which 1emnants exist in places
along the sides of the gulch above the present fill; in deeper gravels of the
present gulch ; and in recent hillside wash, The older gravels have been worked
in only a few places. The bulk of the production has come from the gravels
that rest on bedrock in the gulch itself, at depths of 40 to more than 100 feet.
This gravel, as shown by the fossils found in the mines, has remained undis-
turbed since Pleistocene time. The gold content is variable; in a few places
the pay gravel yielded over $50 to the cubic yard, and in most of the pro-
ductive mines the yield was over $2 to the yard. The purity of the gold as
measured by the bullion returns increases regularly downstream and in the
2 miles of developed ground changes gradually from an average fineness of
about 700 to 740. This change is believed to be due to the fact that down-

" stream the gold particles are smaller and present a greater proportionate sur-

face to the action of solvents in the water. As the gold has remained undis-
turbed for so great a length of time the solvents have had an unusual oppor-
tunity for refining the gold.

A little gold has been obtained from the recent h‘lllsxde wash in the vicinity
of the mines in the Cambrian(?) schist.

It is doubtful whether any greatly increased production is to be expected
from the lode mines, and the placer mines are clearly approaching exhaustion.

a
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GEOLOGY AND ORE DEPOSITS OF THE
MANHATTAN DISTRICT, NEVADA.

By Henry G. FErGUSON.

INTRODUCTION.
. FIELD WORK AND ACKNOWLEDGMENTS,

During the field season of 1915 the writer spent four months in
the study of the geology and ore deposits of the Manhattan district,
Nevada. At that time lode mining had suffered a collapse and littls
could be seen of the ore deposits. The work was therefore directed
chiefly to a study of the complexities of the geologic structure and
observations on the placers! The district was revisited in 1919,
when, the geology of the principal deposits was studied in some de-
tail; another short visit was made in June, 1920. The writer desires
to acknowledge the courtesies extended to him by all the mining men
of the district. The detailed geologic maps of the surface geology
and underground workings of the White Caps mine, made by Messrs.
0. McCraney and J. L. Dynan, were of especial value, as were the
assistance and helpful suggestions received from the superin-
tendent, Mr. R. L. Taylor. Mr. L. F. Clar assisted greatly in the
investigation of the placer deposits and collected much of the infor-
mation relative to the varying fineness of the gold. Mr. H. G,
Clinton has collected valuable fossils f10m the Pleistocene placer
gravels. :

Without exception, all with whom the writer came into contact
cooperated most cordially and in every way added both to his enjoy-
ment of his field work in the Manhattan district and to the value of
the present report. The writer also gratefully acknowledges sug-
gestions and helpful criticisms from his colleagues on the Geological
Survey, particularly A. C. Spencer, E S. Larsen, and R. C. Wells.

1 Ferguson, H. G., Placer deposits of the \(anhattan distriet, Nev.; U. S. Geol. Survey
Bull. 640, pp. 16‘2—19i 1917, '

1



2 . MANHATTAN DISTRICT, NEVADA,
LOCATION AND TOPOGRAPHY.

Manhattan is in the southern part of the Toquima Range, about
35 miles north of Tonopah. (See fig. 1.) The Toquima Range is
one of the less prominent of the many narrow, isolated mountain
ranges that are such notable features of the Great Basin topography.
It trends in a northeasterly to northerly direction and extends from
about latitude 38° 25" N. to about 39° 25" N. At Manhattan the range

. is broken by a low pass. and

G 50 the portion of the range
‘ % south of this pass is some-
times called the Smoky
Mountains. The maximum.
altitude of this southern
portion of the range is.
about 8,500 feet in the
peaks west of Indian
Spring. The main range is:
higher, and Jefferson Peak,
east of Round Mountain,
- has an altitnde exceeding
10,000 feet. The crest line
is somewhat nearer the
eastern than the western
border of the range. The
range is bordered by desert
valleys—Ralston Valley
and Monitor Valley on the

-east and Big Smoky Valley

Q. 1 2 3 e , somues on the west. On both sides,, -

FI6GRE 1.—Map of part of central Nevada show- but particularly on the
ing the location of the Manbattan district. w est, the boun dary between:
rock in place and valley fill is irregular, in marked contrist to the
sharp lines of demarcation on the eastern front of the Toyabe Range,
which borders Big Smoky Valley on the west. At its south end a
low, broad pass filled with desert wash separates the Toquina Range
from the San Antonio Mountains. :
Irregular hills jut out into the bordering valleys in many places.
Between the waste-filled portion of the valleys and the foothills of
the range there is in most places an irregular strip, at the most
1 mile in width, where the rock surface continues the gentle grade of
the valley sides. This is well shown in the northwestern part of
the Manhattan area. The border of the range is more clearly defined
on the side of Ralston Valley than on the side of Big Smoky
Valley, and the hills facing Ralston Valley show steeper slopes,



\‘_\_“ ———— e e T

.LOCATION AND TOPOGRAPHY, 3

though here, as on the west side of the range, there'is a border of
rock plain between the hills and the valley. South of Belmont a
range of low hills extends southeastward, connecting the Toquima
Range with its eastern neighbor, the Monitor Range. A. narrow
belt along the crest of the range, above 9,000 feet in altitude, shows
a marked contrast to the rough topography below. Here there is a
belt of rolling upland, Wthh is not flat enough to be called a pene-
plain but whose gentle relief indicates that it is a relic of mature
topography from a previous topographic cycle.

The Toyabe Range is high enough to retain small patches of snow
from year to year, and consequently its permanent streams are
fairly numerous, but in the lower Toquima Range streams are less
common, although numerous small springs exist here and there

‘throughout the range. Northward from the south end of the range

as far as Shoshone Creek, a short distance north of Round Moun-
tain, no stream carries sufficient surface water to allow it to overcome
evaporation and reach the valley. In several of the dry canyons,
however, such as Timber Hill Gulch and Manhattan Gulch, there
is a considerable underground flow beneath the gravels. In Man-
hattan Gulch this underground flow is estimated at about 50,000
gallons a day and is sufficient for placer mining.

~ I'he area covered by the detailed geologic map (Pl. I) comprises
about 40 square miles and includes a small portion of the southern
part of the range eastward from the edge of Big Smoky Valley to a
point a short distance east of the divide and northward from Pipe
Spring to a point a short distance north of the summit of Bald
Mountain. The altitude ranges from slightly less than 6,000 feet
on the edge of Big Smoky Valley, in the northwest corner of the
ared, to 9274 feet. at the summit of Bald Mountain. The north-

‘eastern portion of the area is mountainous but slopes off sharply

to the south and west. On the west side, beyond a narrow belt of
rough ground, the land slopes gently to Big Smoky Valley, the
grade of the rock-cut surface uniting with that of the valley fill.
South of the mountains is irregular hilly country that contains the
productive portion of the mining district.

Manhattan Gulch cuts across the central part of the area with a
westerly course and drains the greater part of the district. The
land south of the gulch rises to the peaks of the Smoky Mountains,
just south of the area mapped,and Timber Hill,a prominent westerly
spur that separates Manhattan Gulch from Timber Hill Gulch, to
the south. A small portion of the drainage area of North Manhattan
‘Gulch, the next prominent westward-trending gulch on the north,
Ties within the area covered by the map. In the eastern part of the
area a tract of a few square miles is tributary to FEast Manhattan
@Gulch, which leads eastward to Ralston Valley.
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The nearest railroad point is Tonopah, 42 miles by road from Man-
hattan, with which it is connected by a daily automobile stage.
Automobile stages also connect Manhattan with Round Mountain and
Belmont. In the early days of the Manhattan boom a-railroad to
connect ' Tonopah with Manhattan, Round Mountain, and Austin
was surveyed, but it has never been constructed.

CLIMATE AND VEGETATION.

The Manhattan district has an arid climate, which is mitigated,
however, by the presence of the mountains to the north and east.
During the winter there is a considerable snowfall, and snow stays
on the higher ridges for several months. In the summer short,
heavy rains occasionally break the monotony of cloudless skies and
at times give rise to destructive floods (Pl. VII).

The precipitation varies greatly from month to month and is very
irregularly distributed. Sometimes over half the rainfall for the
year may be concentrated in a smgle storm.

The amount of precipitation in this part of Nevada increases with
Increase in altitude, and the average temperature is lower at the
higher points. Therefore at Manhattan, 1,000 feet higher than
Tonopah, the summer heat is less intense and the rainfall greater.
The following climatic data from neighboring stations, taken from
the publications of the Weather Bure'm, give an 1dea of the general
climatic conditions:

Average monthly and annual precipitation, in inches, at stations near
Menhattan, Nev.

Length| -
Station. |95 | Jan. | Feb. | Mar. | Apr.|May. |June.| July. | Aug. |Sept.| Oct. | Nov. | Dec. | A
(years). '
1
Belmont. . 141 0.85 | 1.02 | 0.96 | 0.68 | 0.80 0.43 | 0.46 | 0.89] 0.50 | 0.70 | 0.30 | 1.09 | 3.68
Millet....... 1.06| .56 .43 .62| .45| .24| .73 | .30 | .68 | .59 | .21 .34| 6.30
Tonopsh. ... 10 72| is2| 56| 67| 30| (23| ‘40| .23 | .49 | 44| 39| .47 571

Average annuael temperature, in‘degrees Fahrenheit, at Millet and Tonopah,

1914-1916.
I ]

1 Mean
Station. ! Jan. | Feb. | Mar. | Apr. | May. | June.| July.| Aug. | Sept.| Oct. | Nov. | Dec. an1
nua

! i

| ;

Millet.............. 27.1 | 32.4 | 41.9 | 46.4 50.1158.6 66,8 | 66.4 | 56.1 | 43.1 | 36.8 | 25.5 | 45.9
Tonopah............ i 29.3 135.5 | 44.6 | 48.0 53.6]63.4 71,71 72.0 | 61.7 | 51.7 | 41.6 [ 28.1 | 50.1

Along the eastern border of Big Smoky Valley there is only the
usual assortment of desert bushes. In the hills to the east, however,
between altitudes of 7,000 and 9,000 feet, there is a rather sparse

e e e



HISTORY AND PRODUCTION. 5

growth of single-leaf pine, or pifion (Pinus monophylla)., and Utah
juniper  (Juniperus utahensis). These are small, the mature pines
averaging 35 feet in height and the juniper 12 to 15 feet, but both,
particularly the pine, supply -a portion of. the local requirements
for mine timber. Above the timber line the principal vegetation
consists of small clumps of mountain mahogany (Cercocarpus ledi-
folius). Shoshone and Jefferson creeks, before they are lost in the
desert, are bordered by thickets of willows, which are in pleasant
contrast to their parched surroundings. West of the front of the
range the scanty desert vegetation becomes more and more sparse
until the bare sun-baked playas of the central part of Big Smoky
Valley are reached. '

HISTORY AND PRODUCTION.

Although the ore deposits of Manhattan were not discovered until
1905, mining had been carried on in other parts of the Toquima
Range for at least 40 years previously.

The ore deposits of Belmont, 15 miles northeast of Manhattan,
were discovered in 1865 by an Indian? and the camp, under the
name Philadelphia district, soon attained considerable importance.
In November, 1866, the first stamp mill was erected. This is re-
ported to have had a daily production of a trifle over $1,000, saving
about 60 per cent of the silver in the ore.* By 1867 a 40-stamp mlll
had been erected on the property of the Combination Co. and
smaller mills on other properties. The town of Belmont had banks,
assay offices, and schools, a triweekly stage service,and a weekly news-
paper.t In 1870 the deepest shaft was 276 feet deep, and the depth
to water leve]l was 240 feet." Emmons® gives the production of the
Combination mine for the first six months of 1868 as $160,297. The
acme of the district’s production seems to have been reached in
1873. Raymond 7 says: “ The town of Belmont has largely increased
in population and enterprise and is generally conceded to be second
only to Virginia City and Pioche.” The reported production of
the three larger mines for the year 1873 was $612,523. From this
time on Raymond’s reports give only short notices of the district,
and the next available figures, those of the Tenth Census, show a

2 Browne, J. R., Mineral resources of the States and Territories west of the Rocky
Mountains for 1867, pp. 420-423, 1868,

3 Browne, J. R., and Taylor, J. W., Reports on the mineral resources of the United
States, Washington, 1867.

¢ Raymond, R. W., Mineral resources of the States and Territories west of the Rocky
Mountains for 1868, pp. 104-105, 1869.

6 Raymond, R. W., Mines and mining in the States and Territories west of the Rocky
Mountains for 1870, p. 129, 1872.

% Emmons, S. F\, U. S. Geol. Expl. 40th Par. Rept., vol. 3, pp. 398—405, 1870.

7 Raymond, R. W., Mines and mining in the States and Territories west of the Rocky
Mountains for 1872, p. 173, 1873.
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greatly reduced production. In the year ending May 31, 1880, the
district produced 700 tons.of ore, which ylelded 24,255 ounces of
silver, valued at $131,360.8

The dlfﬁculty of handling i 1nc19asmg amounts of water Wlth the
increasing depth and the decline in tenor of the primary ore below
the water level caused the abandonment of several mines, and the
scanty references .in the reports of the Director of the Mint indi-
«cate the decreasing importance of the district. In 1881 the Belmont
shaft had reached a depth of 600 feet. In 1883 the Belmont pro-
duced 1,542 tons of ore, with a gross value of $42,254. The next
reference is in the report for 1887, when the Belmont and High-
bridge mines together produced 15 tons, yielding $1,584. The Mint
reports for the following years make no further reference to the
district, but the decreasing totals for Nye County show the waning
aimportance of silver mining. The minimum was reached in 1894,
whern the pr oduction for the entire county is given as $2,000 in gold
and $5,000 in silver.

The revival of mining in Nevada that followed the discoveries
of the ore deposits of Tonopah and Goldfield had no immediate effect
on Belmont, though both of these discoveries are said to have been
made by prospectors from that town. Belmont remained inactive
until 1914, when the Monitor-Belmont Co. began the erection of a
mill with a view to treating the ores by flotation. The mill, which
was completed early in 1915, had a capacity of 150 tons and was
equipped with ten 1,650-pound stamps, a tube mill, and flotation
tanks. Operations were unsuccessful, however, and the camp was
again abandoned. In 1917 work was resumed for a short time by the
Tonopah Mining Co. and a little rich ore was extracted. Explora-
tion in depth, however, was not encouraging, and the work was not
continued. In 1920 Belmont, once one of the principal towns of
Nevada, was practically deserted. ‘

At about the time of the discovery of ore at Belmont prospecting
was active throughout the region, and during the following years
silver mines were worked in the Jefferson, Spanish Belt, San An-
tonio, and Manhattan districts. These districts, however, never
attained the productiveness of the Philadelphia district (Belmont).

The principal mine of the Spanish Belt district, on the east side
of the range, between Belmont and Jefferson, was the Barcelona,
which seems to have reached its maximum production later than
the others, though discovered at about the same date. In 1887 it
had a reported production of 764 tons, yielding $57,490, and in 1888
of 708 tons, yielding $19,488.° Work was soon afterward aband-
oned and not regularly resumed until 1918,

8 Tenth Census, vol. 13, p. 311, 1885.
° Reports of the Director of the Mint.
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At about the time of the beginning of mining in the Philadelphia
district the San Antonio district, which seems to have included the
San Antonio Mountains and the southern part of the Toquima
Range, was organized. In 1867 two stamp mills were in operation
near Indian Springs. The principal mine was the Liberty, which in
1868 produced 536 tons of ore, yielding 71,694 ounces of crude bul-
lion, valued at $62,649.2° The mine apparently continued produc-
tion at least spasmodically until 1888.

The deposits in the Jefferson district, on Jefferson Creek, about
10 miles east of Round Mountain, were discovered in 1866, and work
has been carried on there intermittently ever since. The principal
mines were the Jefferson and Prussian. In 1875 two 10-stamp mills
were in operation, treating ore that carried about $75 a ton in
silver.* In 1876 the Jefferson and Prussian mines together pro-
duced 6,794 tons, yielding silver to the value of $190,694.12 This
probably represents the high-water mark of the camp’s prosperity.
In 1883 these two mines produced 950 tons of ore, which yielded
$20,684; in 1888 the Jefferson mine reported a production of 7 tons
of ore, yielding $2,277; and in 1890 the same mine produced 47
tons, which yielded $563. The mines were reopened in 1917, but
operations continued for a short time only.

The Manhattan district is mentioned in Raymond’s first report*®
as being situated in the “ Mootay or Smoky Range (the eastern
boundary of Smoky Valley) about 15 miles south of Belmont. The
ores are the usual antimonial sulphurets peculiar to eastern Nevada,
with their decompositions, such as chloride of silver, etc. The Ophir
mine has been opened to a depth of 50 feet and shows some very rich
ore. A test working of 2,500 pounds * * * is reported to have
yielded by pulp assay $230 per ton.” No data are available as to
the further operations of this mine. The district was abandoned
before 1871.2¢ The discovery of the Tonopah deposits in 1900 stimu-
lated prospecting throughout this part of Nevada. The prospectors
no longer confined their attention to the prominent quartz veins
that had yielded most of the early output, but all promising-looking
float was investigated.

In April, 1905, John C. Humphrey discovered ore rich in free gold
in the crystalline limestone on April Fool Hill, only about 100

1 Raymond, R. W., Mineral resources of the States and Territories west of the Rocky
Mountains for 1868, pp. 104-105, 1869.

1 Raymond, R. W,, Mines and mining in the States and Territories west of the Rocky
Mountains for 1875, p. 281, 1877.

1 Raymond, R. W., idem for 1876, p. 138, 1878.

33 Raymond, R. W., Mineral resources of the States and Territories west of the Rocky
Mountains for 1868, p. 111, 1869. :

4 Wheeler, G. M., Preliminary report concerning explorations and surveys, principally
in Nevada and Arizona, p. 41, 1872.
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feet from the road from Belmont to Cloverdale. The conservatism:
of the average prospector is shown by the fact that for 40 years
“specimen ore” had thus been lying unnoticed close to a well-
traveled road. At about the same time silver-bearing lead ore was
found near the now abandoned camp of Palo Alto.

In August after the discovery there was a rush of pr ospectors, but
the camp was later deserted, though it filled up agaln the follow-
ing winter. In March, 1906, there were 3,000 people in Manhattan
and the immediate vicinity.15

During 1906 the district was in a state of great excitement, rich
discoveries were constantly being reported, and people streamed in
from all over the country. Besides Manhattan there were three other
towns—East Manhattan, Central, and Palo Alto. To-day only tin
cans mark the site of Palo Alto, and two or three shacks are all that
1s left of Central and East Manhattan.

The showy “ specimen ore ” found here and there at the surface
lent color to the wildest misrepresentations, and a shameful period
of “ wildcat ” promotion ensued. Many people lost their money in
fraudulent Manhattan companies, and the bad name thus fastened
on the district has since hindered legitimate mining ventures. The
winter of 1907-8 was marked by depression following the deflation
of the boom, but the hard times that led to the temporary cessation
of quartz mining turned the attention of the miners to the placers of
Manhattan Gulch and the possibilities of drift mining. Placer min-
ing had been begun in 1906 with the dry washing of rich surface
material on the Little Grey and Indian Camp claims, but the pros-
pecting of the gulch itself did not begin until the following year.
The placers gave new life to the camp, for the gravel was extraor-
dinarily rich in places and mining was comparatively cheap. The
richest placer ground was exhausted by the end of 1912, and since
then the placer production has decreased. The lode mines, after
passing through the wildcat period, maintained a good production
until by 1912 the rich surface ores were largely exhausted. In
succeeding years most of the production has come from a very few
of the mines and from superficial pockets of rich ore found and
worked by lessees.

In 1917 the discovery of rich ore in the lower levels of the White
Caps mine led to another boom, which, though short lived, caused.
a considerable amount of exploratory work throughout the district
and an increase in the production At the present time a small
amount of exploration work is being carried on, but only one of the
larger mines is in active operation.

16 Bmmons, W. H., and Garrey, G. H., Notes on the Manhattan district: U S. Geol.
Survey Bull. 303,.p. 85, 1907.
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The accompanying table tells very clearly the story of the rise
and decline of the lode and placer mines of the Manhattan district.
The figures given for both lode and placer production are probably
too low, for “ high grading ” is known to have been prevalent, and
lessees are sald to have sometimes concealed their veturns to avoid
payment of royalty and bullion tax.

Qold and silver produced in the Manhattan district, Nev., 1906-1921.

Lode mines.
{ —
» Gold. Rilver.
Year. .
— | e | e
min%s. (tons) Fine | oo Tine | yvalue value. %f ore.
ounces, | ' #U¢ | ounces. :
5 677 3,874 | 880,074 5,607 | %3,817 | $83,801 | $123.92
5 409 1, 556 32,175 191 33, 62 82.21
9| 10,769 | 12,001 [ 248,075 6,093 3,228 | 251,203 23.30
13 4,198 3,710 | 76,691 1,937 | 907 | 77,598 18.48
310 14,671 | 12,722 | 262,958 6,113 1 3,301 | 266,259 18.15
35| 13,945 | 20,255 | 418 683 {480 1 4,499 | 493,182 30.35
201 21,064 | 15,603 | 322,534 6,987 f 4,297 | 326,831 15.52
31 6, 228 13,733 , 854 4,516 . 2,728 | 286,582 6.19
24 39,748 6,918 | 143,002 2,548 1,409 | 144,411 3,63
19| 46,990 7,744 | 160,064 2,621 1,320 | 161,393 3,43
11 41,725 5,867 | 121,261 2,844 1,871 | 123,132 2.95
19 25,427 5,467 | 113,008 1,899 | 1,565 | 114,573 4,51
12 33,595 | 13,372 276,397 1,187 1,387 | 277,734 8.27
10 I 56, 085 13,050 | 269,750 1,379 - 1,545 1 271,295 4.84
W, 618,970 oo e e L 78,221 4,12
1! 782 642 | 13,276 281 281 ’ 13, 557 17.34
| o E R S
17,475 tons milled locally, yielding $40,075 in gold and silver bullion, and 1,496 tons which contained
669,392 pounds of arsenic and $38,146 worth of gold shipped to smelter.
Placer mines.
—— - R 'l‘lota}.
' value for
Year. Gold. Silver. 1ode and
Produc- | __ - Total | Placer
mings Fine Tine value. | TES.
" | ounces. | Velue. | gunges, - Value. ;
............................................................ 883, 801
.......... 60 81,247 14 39, 81,256 33,622
7 782 {16,157 424 224 16,371 | 267,674
16 2,266 | 46,847 965 | 497 47,344 | bl4d, 942
29 4772 98,644 1,958 ' 1,077 99,701 | 365,960
2 6,582 | 136,052 2,737 1 1,451, 137,503 | 560,685
17 8,152 | 168,512 3,232 , 1,987 | 170,499 497, 330
34 8,061 | 166,622 | 3,104 1,875 | 168,497 | 455,079
31 6,307 | 130,370 2,323 1,247 131,617 | 276,028
43 6,392 | 132,132 2,454 1,244 133,376 | 204,769
25 3,646 | 75,350 1,384 | 1,308 . 76,667 | 199,566
31 3,129 | 64,677 1,202 990 65,667 | 180,240
26 3,110 64, 281 1,201 1,201 65, 482 342,266
14 1,580 | 32,663 723 | 810 33,473 | 304,765
.. 21 2,121 43, 854 886 966 | 44, 820 123,041
1921 e eeeeeaan Joeeereees 1,726 | 35,685 768 | 768 | 36,453 50,010
|
t

oU. S. Geol. Survedz)ol\ﬁueral Resourezs, 1910, p. 52

report for 1909 is 320,

6, 1911, states that the production as given in the
too low. Thisamount is therefore added to the total; other figures remain as given
in Mineral Resources for 1909.
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of the ore.

1919. Palmer, W.. 8., Occurrence of gold in sulphide ore.: Eng. and Min. Jour.,
vol. 107, pp. 923-924, 1919. Experiments on White Caps ore tending
to show that the gold occurs as extremely finely divided native gold,
coated with some black mineral, probably sulphide of antimony.

GENERAL GEOLOGY.
SUMMARY.

Although the area covered by the map of Manhattan and vicinity
(PL I, in pocket) includes only a minute part of one of the smaller
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ranges of the Great Basin area, yet folded sediments of early Paleo-
zoic age, Mesozoic granitic rocks, Tertiary volcanic and intrusive
rocks, and Pleistocene gravels are all represented in it.

The oldest rocks in the area are marine sediments of probable
Upper Cambrian age, laid down in shallow water. Sedimentation,
probably interrupted by short intervals of emergence, continued
during the Ordovician period. Above the Ordovician rocks there is
a gap in the record, possibly indicating prolonged emergence of dry
land, and the next Paleozoic sediments are marine sandstones of
Permian (?) age. Owing to poor exposures the relation of these
rocks to the Ordovician sediments is obscure, but there is probably
an unconformity of considerable magnitude between them.

Mesozoic sediments, of which there is a considerable thickness at
Cedar Mountain, 40 miles to the west,'® in the Pilot Mountains, 50
miles to the west,’” and in the Shoshone Range, 30 miles to the north-
west,® do not occur in the Manhattan district, nor were they
encountered in the neighboring parts of the Toquima Range covered
by reconnaissance survey (fig. 2).

At some time within the Mesozoic era the older rocks were intensely
folded. The folds are closely compressed, and most of them trend
a few degrees to the north of west, nearly at right angles to the
present mountain range. Many of the folds, particularly in the
Ordovician limestones and slates, are overturned toward the north.
An overthrust fault that brought the Cambrian (%) rocks above the
Ordovician was contemporaneous with this folding.

Af a distinctly later date than the folding came the intrusion of
great masses of granite and related rocks. The outcrops of these
rocks are not well represented in the area studied in detail, but large
masses occur close by, both north and south of the Manhattan dis-
trict, and probably also beneath the Tertiary rocks in the northern
part of the area covered by the detailed map (Pl I). The intrusion
of the granite may have caused minor normal faulting in the sedi-
ments but apparently little if any doming or crushing. The sedi-
ments are intensely altered for a short distance from the granite
contact and show over the whole area a greater or less degree of
alteration, due to thermal metamorphism. The granite is identical
in character with that of the Silver Peak quadrangle, which is
essentially contemporaneous with the granitic intrusions of the
Sierra Nevada.

18 IXnopf, Adolph, Ore deposits of Cedar Mountain, Mineral County, Nev.: U. 8. Geol.
Survey Bull. 725, pp. 363-364, 1921,

17 Spurr, J. C., Descriptive geology of Nevada south of the fortieth parallel: U. S. Geol.
Survey Bull, 208, p. 104, 1905.

18 Perguson, H. G., and Cathcart, S. H., Geology and ore deposits of the Tonopah
quadrangle, Nev.: U. S. Geol. Survey Bull. — (in prepm;ation).
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Tertiary lavas older than the upper Miocene do not appear to
be present in the region, and the record of volcanic activity at
Manhattan probably began later than at Tonopah. At some time in
the Miocene epoch the pre-Tertiary sedimentary rocks of the Man-
hattan district probably formed part of a small mountain range,
which may have had a trend in accordance with the structure, while
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F16Ure 2.—Reconnaissance geologic map of the southern part of the Toquima Range.
The larger rectangle indicates the area shown on Plate I; the smaller one the area
shown on Plate II.

pinnacle topography characterized the areas of granite exposed. The
- topography was sufficiently rugged to allow the formation of talus
slopes of angular material on the flanks of the hills. This talus is
preserved in places and forms the oldest member of the Tertiary
succession.
The oldest voleanic rock is rhyolitic breccia, with which are in-
cluded a few flows of glassy rhyolite and a little bedded material.
This rock is believed to be equivalent to the Fraction breccia of the
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Tonopah district. The rhyolite breccia and flows buried a part of
the older sediments and their talus material and possibly completely
buried some earlier flows. A later flow of porphyritic rhyolite is
present in the Manhattan district but lacking at Tonopah. This
was succeeded by a long period of dominantly lacustrine deposition
that produced the Bald Mountain lake beds, equivalent to the Siebert
tuft of the Tonopah district and to part of the Esmeralda formation
of the Silver Peak region, which are of approximately upper Mio-
cene age. During this period outcrops of older rocks persisted above
the level of the lake. : :

The deposition of the lake beds was followed by a flow of quartz
latite, and that in turn by intrusions of glassy rhyolite and andesite
porphyry. The rhyolite is found only in small dikes, but the andesite
was intruded in larger masses that disturbed the older rocks.

Faulting took place both before and after the andesite intru-
sion and affected both the Tertiary and the older rocks. . The largest
normal faults of the area are of later date than the deposition of
the lake beds but earlier than the andesite intrusion, and it is
probable that many of the normal faults that displace the older sedi-
ments in the productive part of the district belong to the same
period, though some of the normal faults may be as old as the period
in which the sediments were folded.

After a considerable period of erosion came a thick flow of dacite,
of which portions remain in the western part of the area.

The development of the present range probably began late in the
Pliocene epoch. Manhattan Gulch had already been eroded by early .
Pleistocene time. Stages in the development of the present topog-
raphy are represented by small areas of gravel on benches above the
present gulf levels and by the deep gravels containing Pleistocene
fossils in the gulch itself.

PALEOZOIC ROCKS.

Sedimentary rocks of Paleozoic age, most of them determinable on
paleontologic grounds as Ordovician or’older, occupy the greater
portion of the area covered by the Manhattan map (Pl. I) and in-
close all the valuable ore deposits. They have been considerably
metamorphosed by igneous intrusion and close folding. Conse-
quently, except in favored situations, they lack fossils, and with
one exception it has been necessary to divide them into units on the
basis of lithology alone. As no detailed work has been done on the
stratigraphy of the neighboring ranges, little aid in defining the
formations is available from results obtained in more favorable
localities. The use of formation names drawn from the nearest
areas of detailed work—the Eureka district, 90 miles to the north-
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east, or the Silver Peak quadrangle, 75 miles to the southwest—is
clearly impossible in the absence of more distinctive fossils than were
found at Manhattan. It seems best, therefore, in spite of the dis-
advantages involved, to give local names to the units employed in
mapping. When further work in neighboring areas, where meta-
morphism is less intense, results in a more satisfactory link between
the known areas to the northeast and southwest, these local names
may be abandoned and replaced by others more in accord with the
faunal evidence. The following subdivisions of the Paleozoic are
here recognized, in descending order:

Permian (?) sandstone.

Toquima formation (Ordovician).

Zanzibar limestone (Ordovician?).

Mayflower schist (Ordovician?).
Gold Hill formation (Cambrian?).

CAMBRIAN ( ?) ROCKS.

Gold Hill formation.—The oldest rocks of the Manhattan dis-
trict are a series of schistose slate, quartzite, and sandstone which
crop out in a wedge-shaped area 1 mile wide at the eastern border
of the district and pass under the next:higher formation west of
Gold Hill, a short distance north of the Tonopah road. No fossils
except a few annelid trails were found in these rocks, but as they
occur at a stratigraphic horizon considerably lower than rocks that
carry fossils of Ordovician age, and as they bear some lithologic re-
semblance to known Cambrian terranes of other Nevada ranges,
they are tentatively regarded as Cambrian.

The base of the formation is not exposed. In the Manhattan dis-
trict the lowest members are truncated by the overthrust fault that
separates this formation from the Ordovician sediments to the
north. Nor is the upper limit determinable with certainty, for
along at least the greater portion of its southern border a fault sep-
arates the upper members of the Gold Hill formation from the
knotted schists here named Mayflower schist and referred to the:
Ordovician.

In the vicinity of the White Caps mine, where the formation was
studied in most detail, the lowest members are quartzose schists
with subordinate calcitic and lime silicate schists and a few thin
beds of quartzite. To the east, where the divergence of strike be-
tween the overthrust fault and the beds to the south permits the
outcrop of lower beds, there seems to be a greater proportion of
quartzite. The outcrops are obscure, however, and the relative pre-
ponderance of the resistant quartzite both in outcrop and in talus
tends to give a false impression of its abundance. Nowhere was
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there observed massive quartzite comparable to the Prospect Moun-
tain quartzite of the Eureka section.

A short distance above the lowest member the formation becomes
more calcareous and a group of three limestone beds, in places
slightly dolomitic, comes in. As many ‘of the ore bodies have been
formed by the replacement of limestone, these bodies have been pros-
pected extensively, and in spite of the complex faulting in the
productive part of the district they can be traced with certainty
as far eastward as the White Caps Extension shaft (Pl. II). Owing
to their economic importance these members are here given the local
names Pine Nut limestone, Morning Glory limestone, and White
Caps limestone. The lowest of the three, the Pine Nut limestone
member (named for its exposures on the Pine Nut claim), is about
" 10 feet thick and is an impure white crystalline limestone, carrying
little knots of silicate minerals. The greater resistance of these
clusters of silicates gives the weathered surfaces a characteristic
knobby appearance. The Morning Glory limestone member (named
for its outcrops near the Morning Glory mine) is separated from the
Pine Nut by 140 feet of siliceous schist and consists of about 15
feet of white to blue-gray crystalline limestone without mixture of
silicates. Between this and the White Caps limestone member (the
bed which contains the ore deposits at the White Caps mine) is
nearly 200 feet of schist with several thin beds of ‘quartzite. The
White Caps limestone is the best-defined lithologic unit of the Gold
Hill formation and consists of about 30 feet of pure blue-gray
crystalline limestone. The separation from the underlying schists
1s in most places sharp, but at the top and in places at the base there
is a gradation from the pure limestone through calcareous schist
to siliceous schist. _

Above the White Caps limestone comes a series of siliceous schist,
sandstone, and quartzite probably 2.500 feet thick, although closely
compressed folds, such as that exposed in the Big Pine glory hole,
make estimates doubtful. The schist predominates. In the lower
part of the section, as seen in the underground workings of the
White Caps and Manhattan Consolidated mines, it is commonly dark
gray to purple in color, but it weathers on the outcrop to a rusty
brown. As exposed in the Big Pine and Big Four workings the
schist to a considerable depth below the surface is brown from the
oxidation of pyrite.

Beds of white quartzite at a maximum not exceeding 50 feet thick
occur here and there throughout the schist. These beds are of no
value as horizon markers, as they thin out within short distances.
The thickest and most numerous of the quartzite lenses appear to
lie in a zone a short distance above the top of the White Caps lime-
stone. '
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Several thin beds of dark sandstone are present .in the central
part of the formation. These show cross-bedding and rarely mud
cracks, and though they are thinner and less conspicuous than the
quartzite beds, they appear to be more persistent. In a very few
places the sandstone grades’into a fine-grained quartzose conglom-
erate. ‘

Above the horizon represented by the schist and quartzite at the
Big Pine mine calcareous layers again appear, but most of them are
inconspicuous and can not be followed far. Close to the top of the
formation, however, are two continuous thin beds of crystalline
limestone, altered in places to a rock consisting largely of diopside.
Between and above these beds is schist similar in appearance to
that below. ‘ '

The upper boundary of the Gold Hill formation is obscured by
a fault that is nearly parallel to the strike and dip of the beds.

The prevailing color of the schist included in the Gold Hill forma-
tion is gray where unoxidized and brown on the outcrop or where
mineralized in depth, as on Gold Hill; the overlying Mayflower schist
is prevailingly dark with commonly a greenish tinge. The Gold
Hill schists are dominantly siliceous and consist essentially of quartz
and mica, whereas those above are much more aluminous and under
the prevailing metamorphism yield the characteristic “knotted ”
or “spotted ” sc¢hist. .As both base and top of the Gold Hill forma-
tion are bounded by faults, the true thickness is unknown. The
total thickness of the exposed beds is not over 5,000 feet.

ORDOVICIAN (?) ROCKS.

Between the top of the Gold Hill formation and the lowest fos-
siliferous bed of the district are sediments which contain no fossils
but are tentatively referred to the Ordovician on the basis of their
close lithologic similarity to the sediments that occur above the
lowest fossiliferous bed. These are divisible into two lithologic
units, a lower formation consisting chiefly of schist and schistose slate
and here named Mayflower schist and an upper formation that is
dominantly calcareous and is here named Zanzibar limestone.

MayRower schist—The lower schistose formation, here named
Mayflower schist, from its outcrops in Mayflower Gulch, over most
of the area has been altered by thermal metamorphism to a “ knotted ”
schist of characteristic appearance. In its typical development this
knotted schist shows a rough hummocky surface, due to the presence
of closely spaced little lenses of harder siliceous material, around
which curve the lamellae of the fine-grained chlorite schist. At a
greater distance from the influence of the granite these knots become
smaller and fewer, and at a still greater distance they are completely
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lacking and the rock is a fine-grained dark-green chloritic schist.
The knots are also lacking immediately adjacent to the granite con-
tact, where the rock is altered to a coarse friable biotite schist.

For the most part the schist is unaccompanied by other rocks,
but in some sections outcrops of a dark-gray limestone, lithologically
similar to the overlying Zanzibar limestone, were observed in posi-
tions which suggest that thin beds of limestone are interbedded with
the schist, although it is conceivable that in these complexly folded
rocks the limestone outcrops may represent infolded portions of the
Zanzibar limestone. The repetition of schist and limestone on the
ridge west of Salisbury Mountain, which has been interpreted as a
succession of close folds, might possibly, on the other hand, be due in
part to interbedding of the two rocks.

The Mayflower schist is less resistant to erosion than the siliceous
slate and quartzite of the Gold Hill formation on one side and the
overlying Zanzibar gray limestone and jasperoid on the other, and
consequently the general region of its outcrop is marked by a belt
of lowland skirting the southern border of the Gold Hill terrane.
In a few places, where faulting has brought the overlying limestone
against Gold Hill schist, the Mayflower schist is missing. As the
contact between the Mayflower schist and the underlying Gold Hill
formation lies along a fault, the thickness of the Mayflower is
unknown. The exposed thickness is not over 800 feet, and the
maximum is probably not much greater.

- Zanzibar limestone.—The formation locally known as the Zanzibar

limestone, from its prominent development on the Zanzibar claim,
about 13 miles east of Manhattan, consists essentially of blue-gray
limestone of varying degrees of crystallinity. In most places dense
black jaspilite is interbedded with the limestone. The jaspilite is
not confined to any horizon of the limestone, though commonly
more plentiful in the lower part. Nor does the proportion increase
toward the areas of more intense metamorphism, though the jaspilite
is very plentiful in the area of metamorphosed rocks west of Salis-
bury Mountain.

In many places the limestone grades off at its top and along the
strike through dark calcareous slate to a fissile black, very fine-grained
slate flecked on the partings with patches of muscovite and limonite.
In places these micaceous patches are elongate and show sharp
straight edges, suggesting that graptolites were originally present
but are now metamorphosed beyond recognition. Except for these
patches no trace of fossils was found. In some places this black slate
appears to be lacking and the limestone continues up to the base of
the Toquima formation.

Recently H. C. Clinton, of Manhattan, has collected a large variety
of fossils from limestone of similar lithologic appearance at a point
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on the east flank of the range about 40 miles northwest of Manhattan.
These have been examined by E. O. Ulrich, of the United States
Geological Survey, who considers them of equivalent age to those
of the Pogonip limestone of the Eureka district.

. Close to the granite the limestone is commonly bleached and more
coarsely crystalline and may show a considerable development of
lime silicate minerals. In immediate contact with the granite there
is usually a considerable development of epidote. In the area of
metamorphosed sediments west of Salisbury Hill limestone of this
type is altered to a dense white rock consisting essentially of quartz
and diopside.

The Zanzibar limestone where least contorted on Black Mammoth
Hlll is about 800 feet thick; elsewhere its thickness appears to
vary greatly, though for the most part below rather than above this
figure.

ORDOVICIAN ROCKS.

Togquima formation.~Under the name Toquima formation is in-
cluded a great thickness of rocks of varied lithologic character,
including the lowest bed in which fossils were found. These rocks
occur over a considerable part of the portion of the Toquima Range
covered by the reconnaissance. The base of the formation is com-
monly marked by quartzite, which nowhere exceeds 50 feet in thick-
ness and in places is lacking. Above this is a few feet of dark slate
in which are graptolites of Normanskill (Ordovician) age, equiva-
lent to the upper part of the Pogonip limestone of Eureka and the
Palmetto formation of Silver Peak. In places a second thin stratum
of quartzite is found above the slate. The fossils appear to owe
their preservation from effacement by metamorphism to the pro-
tection afforded by the quartzite beneath, for no graptolites suffi-
ciently well preserved for identification were found where the under-
lying quartzite layer is lacking. :

The following fossils from the slate above the basal quartzites were
identified by Edwin Kirk, of the United States Geological Survey:

Top of Black Mammoth Hill and westward and southwestward to Manhattan
Gulch:

chranograptus Sp.

Diplograptus sp.

Diplograptus hypniformis Whlte {
Dicranograptus near D. contortus Ruedemann.
Climacograptus?.

Conularia sp.

Southeastward from Manhattan Gulch to Auction Gulch including Mount
Moriah:

Diplograptus angustifolius Hal]
Climacograptus sp.
Dicranograptus ramulus White.
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Diplograptus hypniformis White.
Climacograptus bicornis Hall.
Odontocaulis sp.

Didymograptus sagitticaulis Gurley ?.
Dicellograptus sp.

Nemagraptus sp.

Diplograptus sp.

Dicranograptus ramosus Hall.
Glossograptus quadrimucronatus Hall.

Southwestward from Auction Gulch to southern border of the area mapped:
Diplograptus hypniformis White. ‘ ‘
Diplograptus sp. '

Head of Auction Gulch«

Glossograptus quadrlmucronatus Hall.
Dicranograptus?

Salisbury Mountain (including pebbles in fossil talus slopes) :
Diplograptus sp.
Diplograptus hypniformis Whlte.
Climacograptus bicornis Hall.
Dicranograptus ramulus White.
Retiolites sp.

Timber Hill Gulch (south of area mapped) :
Didymograptus sp.

The graptolites found by the writer in the slates at Belmont
appear to occupy the same horizon with reference to the sequence
of lithologic formations as at Manhattan. The following species
were collected :

Diplograptus angustifolius Hall.
Dicellograptus sp.

Diplograptus hypniformis White.
Lingula sp.

Above the graptolite-bearing slate is gray limestone with black
jaspilite, identical in character with the Zanzibar limestone below.
This appears to have a maximum thickness of 200 feet. It is
perhaps thicker in the section on Salisbury Hill, but there the close
folding and intense contact metamorphism make any measurement
doubtful. Above this limestone no constant succession of beds
could be made out, but the formation consists chiefly of gray-green
chloritic schist, similar to the Mayflower schist beneath the Zanzi-
bar limestone, and like it merging into knotted schist in the southern
part of the district, where more directly affected by the granite.
Interspersed with these schists, however, are numerous beds of dark
blocky siliceous slate or chert, much like the black jaspilite in
general appearance, and a few beds (nowhere more than 100 feet
thick) of brown to gray crystalline limestone which differs from
the lower limestone in being free from jasper and massive instead

56027—24——3
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of thin bedded. Slaty chloritic schist, however, forms the bulk of
the formation. B o |
On Palo Alto Hill and the ridge to the east there is an apparent

repetition of the lithologic units of this series. Gray limestone,
similar to that of the Zanzibar formation, underlies slaty schist
which on the crest of the ridge is capped by quartzite, with slate
carrying graptolites' immediately above. On the westward slope
of the hill are a succession of thin quartzite beds, each accompanied
by its overlying few feet of graptolite slate. How far this repetition
of beds ‘may be due to faulting could not be determined. The
quartzite is certainly interbedded with the slate, and interfingering
of slate and quartzite was observed (fig. 3). The quartzite and

N e \\ o \
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Fieurp 3.—Interbedded quartzite and graptolite slate; Palo Alto Hill.

accompanying slate are best developed near the summit of Palo
Alto Hill. Here their apparent thickness is about 100 feet. Along
the strike both to north and south there is a marked thinning. To
the south the quartzite with accompanying graptolites could be
traced across the gulch to a point where it is lost in the flat near
the mouth of Old Manhattan Gulch. To the north it appears to
die out a short distance south of the border of the Tertiary lavas.
It is possible that this gray limestone and the overlying quartzite
represent a repetition of the Zanzibar limestone and the lower part
of the Toquima formation, due to faulting, but there is no field
evidence to support this hypothesis, and the thickness from the
base of the gray limestone to the first quartzite bed is greater than
that of the Zanzibar limestone elsewhere. It appears more reason-
able to conclude that the quartzite is present in lenticular beds at
a horizon some 2,000 feet above the base of the formation and that
the graptolites of Palo Alto Hill therefore represent a different
stratigraphic level from those of Black Mammoth Hill, Mount
Moriah, and the hills near Mayflower Gulch.
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The following fossils from Palo Alto Hill and vicinity were iden-
tified by Mr. Kirk:

Diplograptus hypniformis White.
Dicranograptus ramulus White.
Retiolites sp.

Diplograptus angustifolius Hall.
Dicellograptus sp.
Dicranograptus ramosus Hall.
Climacograptus sp.

Mr. Kirk makes the following comments on the graptolites col-
lected at Manhattan:

The graptolites identified above indicate the Normanskill (Ordovician) age of
the containing beds. In the Silver Peak guadrangle, Nev., Turner obtained the
same fauna from his Palmetto formation, which undoubtedly is equivalent to
the graptolite-bearing series near Belmont and Manhattan. "The Palmetto may
perhaps be correlated in part with the upper portion of the Pogonip limestone of
the Bureka district, or it may be represented wholly or in part by the Eureka
quartzite. From published accounts, it appears that the pre-Richmond Ordo-

vician sediments above the true Pogonip in western Nevada consist of a variable
amount of limestone, shale, and quartzitic sandstone, the relative amounts of

each varying according to the locality.

A small lens of limestone near the north end of Palo Alto Hill
yielded the only fossils found in limestone. These were identified
as Salterella sp. by Mr. Kirk, who states:

I have compared the fossils in this lot with Cambrian species from Nevada
and find that they are not Athe same. The genus Salterella ranges up into the
Ordovician, so this may well be a new species of Normanskill (Ordovician) age.

The upper contact of the Toquima formation is not shown in the
Manhattan district, and its total thickness is unknown. It probably
exceeds 4,000 feet in the area mapped and may be much greater, but
there may be a greater number of small folds than have been found.

PERMIAN (?) SANDSTONE.

Two or three small isolated outcrops of a coarse sandstone, with
lenses of slate, were found at a point about a mile northwest of the
village of Manhattan. The rock contains in places poorly preserved
fossils, concerning which G. H. Girty reports as follows:

Lot 2054 contains fossils in abundance, but they are compressed and other-
wise poorly preserved. Nevertheless, I am satisfied that some of them belong
to the genus Productus, and apparently the cora group, the semireticulatus
group, and possibly other groups are represented. With less certainty I recog-
nize strophomenoids among the specimens (Derbya or Orthotetes).

On the whole, I can not doubt that the age of this collection is Carboniferous.
Lower Mississippian (Madison) is precluded by the fauna and by the character
of the matrix, and it seems rather probable that the age can be limited to
Pennsylvanian or Permian.
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A single block of similar sandstone included in the tuffaceous
rhyolite in the flat a mile west of Salisbury Mountain contains, ac-
cording to Mr. Girty, “an undetermined Chonetes and a Spirifer
of the cameratus group, probably 8. pseudocameratus. The geologic
age is either Pennsylvanian or Permian, and I think it is Permian
(Spiriferina pulchra zone).”

In the course of a reconnaissance of the Toyabe Range made by
the writer and S. H. Cathecart in the summer of 1922 rocks of simi-
lar lithologic character carrying fossils identified by Mr. Girty as
of Permian age were found to rest unconformably on the Ordovician.
There is every probability, therefore, that a considerable uncon-
formity occurs in the Manhattan district. On the basis of the fossils
found in the apparently contemporaneous rocks in the Toyabe Range
this sandstone in the Manhattan district is herein classified as of Per-
mian (?) age.

Nothing deﬁmte could be determined as to the relations of this
sandstone to the Ordovician sediments exposed over a large area to
the south. No other outcrops of this rock were found in the recon-
naissance trips made to other parts of the range. The coarsest
sandstone, grading toward a fine-grained conglomerate, contains
small pieces of slate resembling that of the Toquima formation to
the south. Hence 1t is presumed that the sandstone rests uncon-
formably on the Ordovician and that the Silurian, Devonian, Missis-
sippian, and Pennsylvanian formations of the Eureka section are
absent. On the other hand, as the.apparent thickness of the To-
quima formation is much greater measured eastward from Black
Mammoth Hill than northward toward the outcrop, there may be
undetected close folding in the Toquima rocks, or a concealed fault
in the area between, or a very considerable erosional unconformity.
It is possible that the continnation of the large fault traced eastward
across Mustang Hill and not found to the west of Black Mammoth
Gulch is displaced to a position between the Ordovician and Per-
mian (?) outcrops by later transverse faulting.

RELATION TO OTHER PALEOZOIC SECTIONS OF SOUIHWESTERN NEVADA.

The Manhattan district stands midway between two areas in which
the Paleozoic rocks have been studied in detail. The Eureka dis-
trict,'® studied by Hague, Emmons, and Walcott, is 90 miles to the
northeast. Less detailed work was done by Turner? in the Silver
Peak region, about 75 miles to the southwest. Notes on the Paleo-

, ®T.8. Geol. Survey Mon. 8, 1884 ; Mon. 20, 1892, .
2 Turner, H. W,, A sketch of the historical geology of Esmeralda County, Nev CAm,
Geologist, vol. 29, pp. 262-272, 1902.
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zoic rocks of other ranges in this part of Nevada are to be found in
the reconnaissance reports of Emmons,?* Spurr,?? Ball,*® and Hill.2¢

Fossils are nearly lacking in the Manhattan district, and as litho-
logic character probably is not constant over large areas, no definite
correlation of the Manhattan section with the Paleozoic sections of
other ranges can be made. The following notes on the Paleozoic
formations exposed in the Nevada ranges within a 100-mile radins of
Manhattan may be of value for purposes of comparison.

CAMBRIAN FORMATIONS,

The section at Eureka, 90 miles northeast of Manhattan, shows
7,700 feet of Cambrian sediments. At the base is the Prospect Moun-
tain quartzite, 2,500 feet thick. This consists of brownish-white
quartzite, weathering dark brown, ferrnginous near the base but
white in the upper part. Intercalated with the quartzite ave thin

‘layers of arenaceous shale. Above it is the Eldorado limestone
(formerly called ¢ Prospect Mountain limestone ), 2,500 feet thick,
consisting dominantly of gray compact limestone, with interstrati-
fied irregular lenticular beds of shale. Both dolomite and limestone
occur in the series. Sandstone layers are rare. Hague 2 says: “It
is difficult to define the characteristic features of the group, changes
are so frequent in the deposition of the sediments, not only in the
vertical but lateral extension.”* The next unit is the Secret Canyon
shale, 1,600 feet thick, .consisting of yellow and gray argillaceous
shales that pass into shaly limestone. The base of the next forma-
tion, the Hamburg limestone, contains transition beds of shaly lime-
stone which pass gradually into the overlying limestone. The Ham-
burg limestone, 1,600 feet thick, is a dark-gray granular limestone,
with only slight traces of bedding, which shows a wide rangein silica
and magnesia content. Layers of fine sandstone and hard cherty
bands occur at irregular intervals.

At the top of the Cambrian at Euveka is 350 feet of the Dun-
derberg (“ Hamburg ”) shale, a yellow and gray argillaceous shale
that contains chert nodules and shows very rapid changes in condi-
tions of deposition, becoming alternately more or less arenaceous or
calcareous through its entire thickness as well as laterally.?® Near
the top there are more or less persistent layers of chert and sand, fol-
lowed by calcareous shale, which passes into the overlying Ordovician
Pogonip limestone.

2t Bmmons, §. F., Geology of the Toyabe Range: U. S. Geol. Expl. 40th Par. Rept., vol.
3, pp. 320-348, 1870.

= Spurr, J. B\, Descriptive geology of Nevada south of the fortieth parallel and adjacent
portions of California.: U. 8. Geol. Survey Bull, 208, 1903.

2 Ball, 8. H.,, A geologic reconnaissance in southwestern Nevada and eastern Cali-
fornia : U. 8. Geol. Survey Bull. 308, 1907.

#Hill, J. M., Some mining distriets in northeastern California and northwestern
Nevada.: U. 8. Geol. Survey Bull. 594, 1915.

% U. 8. Geol. Survey Mon, 20, p. 36, 1892,

% Idem, p. 41.
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Parts of the Toyabe Range have been studied by S. F. Emmons,*’
J. E. Spurr,® and J. M. Hill.?® Cambrian strata were not definitely
recognized by Emmons, but below the slate containing Ordovician
fossils are sediments considered by Spurr and Hill to be probably
of Cambrian age. These consist of compact white quartzite, with
some thin beds of white granular limestone, the whole series several
thousand feet thick.

Rocks similar in lithologic character to the Gold Hill formation
of Manhattan were found beneath the Ordovician of the Toyabe
Range south of the thirty-ninth parallel.?®

In the Quinn Canyon Range, 80 miles east of the Manhattan dis-
trict, according to Spurr,®* there are exposures of rusty brown lime-
stone containing Cambrian fossils..

A detailed reconnaissance of the region south of the thirty-eighth
parallel has been made by Ball, and the following descriptions are
condensed from his report

In the Specter Range,®* about 100 miles southeast of Manhattan,

,000 to 3,000 feet of quartzite and conglomeratic quartzite conform-
ably underlie limestone containing Cambrian fossils. The quartzite
is impure and grades through arkose into minor beds of red and
green slaty shale. The quartzite is correlated with the Prospect
Mountain quartzite of the Eureka district. Overlying the quartzite
is 5,000 to 6,000 feet of dark-gray compact fine-grained crystalline
limestone. Near the middle of the section are a few layers of black
chert and a bed of quartzose sandstone. A few poorly preserved
fossils indicate Cambrian age, though Ball considers that the upper
portions may belong more properly with the Pogonip. limestone
(Ordovician).

In the southern Klondike Hills®* and the Lone Mountain foot-
hills % there are limestones which from their similarity to those of
the Silver Peak quadrangle are considered to be Cambrian. Those
of the southern Klondike Hills are described as follows:

Cambrian rocks cover a considerable area in the. southern part of these hills.
They consist of an interbedded series of limestones, jasperoids, and shales,
named in the order of their abundance. Neither the top nor the bottom of the
series is exposed, but it is many hundreds of feet thick. The limestone, by

far the predominant member of the series, is dark gray or blue-black, fine
grained, compact, and crystalline. - Bedding planes are from 2 to 3 feet apart.

21 U, 8. Geol. Expl, 40th Par. Rept., vol. 3, pp. 320-348, 1870.

2 7. 8. Geol. Survey Bull. 208, pp. 94-96, 1905.

» 7. S. Geol. Survey Bull. 594, pp. 115-116, 1915.

3 Ferguson, H. G., and Cathcart, 8. H.,, Geologic reconnaissance of the 'l‘onopah and
Hawthorne quadnangles, Nev.: U. S. Geol. Survey Bull. — (in preparation).

s Op. cit.,, p. 69.

= Ball, S. H,, U. 8. Geol. Survey Bull. 308, pp. .28, 148-149, 1907. .

33 Idem, pp. T7-78.

st Tdem, pp. 51-52,
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‘Weathered surfaces are blackish gray in color and smooth in contour, although
minor irregularities are produced by the varying hardness of the rock. The
limestone grades into a silicified facies, best styled a jasperoid. This is ordi-
narily a dense banded rock of black and gray color, the laminae of which are
in many cases but one-fourth inch in’ thickness. It breaks with a conchoidal
fracture. The slaty shale is. rather fine grained and of dark-gray or greenish-
gray color. Even minor lenses and thin parting bands of fine-grained sandstone
are rather unusual. The sediments form hills of moderate slope with numerous
exposures. No fossils were found, but the lithology of the series is similar to
that of the Lone Mountain hills, to the west, and in consequence the rocks are
almost certainly Cambrian. .

The Cambrian rocks of the Silver Peak quadrangle have been
described by Turner.’®* Here the earliest rocks are a complex of
gneiss, calcareous schist, and granite, of pre-Cambrian (Archean)
age, and dolomite, quartzite, and green knotted schist, of probable
Algonkian age. The Lower Cambrian (Silver Peak group) in the
section.north of Clayton Valley shows the following section from the
base up: Massive dolomite, massive green quartzite with overlying
knotted schist, drcheocyathus-bearing limestone, and green Olenellus-
bearing slate, with dark limestone and some quartzite and thin-
bedded slate at the top. In the Barrel Spring section fossils are
found at all parts of the section; those nearest the base are large
forms of Olenellus. The rock forming the lowest Olenellus zone is
a dark micaceous slate. Higher up are layers of dark limestone
with some quartzite.” Then comes a second Olenellus zone, composed
of green slate, again succeeded by fossiliferous limestone. The
Upper Cambrian Emigrant formation is unconformable on the Lower
Cambrian Silver Peak group and consists of a series of thin-bedded
limestone and reddish slate, with some layers of black chert. There
appears to be no sharp line of separation between the Emigrant
formation and the Palmetto formation (Ordovician).

Cambrian sediments are well developed in the Inyo Range of
southeastern California, particularly in the Bishop quadrangle, which
lies southwest of the Silver Peak quadrangle. These beds have
been studied by Walcott * and Kirk.?” Although this area is outside
the 100-mile radius from Manhattan taken for comparison with the
Manhattan section, the great completeness of the section exposed
there makes a short summary desirable. The Cambrian sediments of
the Bishop quadrangle exceed 12,000 feet in thickness and rest uncon-
formably on pre-Cambrian sandstone, dolomite, and limestone. The
Lower Cambrian includes two subdivisions—the Campito sandstone,
8,200 feet thick, and the Silver Peak group, about 7,000 feet thick.

% Am. Geologist, vol. 29, pp. 264—265, 1902,

3 Walcott, C. D., Lower Cambrian rocks in eastern California: Am. Jour. Sci., 3d ser.,
‘vol. 49, pp. 141-143, 1873,

# Kirk, Edwin, Stratigraphy of the Inyo Range: U. S. Geol. Survey Prof. Paper 110,
op. 19-48, 1918.

\
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The Campito sandstone consists of fine-grained cross-bedded sand-
stone and is probably to be correlated with the Prospect Mountain
quartzite of eastern Nevada. The Silver Peak group consists of
fossiliferous calcareous shale, sandstone, and limestone. The lime-
stone is massive and more abundant in the upper part. The sand-
stone is similar in appearance to that of the Campito and is commonly
cross-bedded. Lower Cambrian fossils are abundant. The name
Silver Peak was proposed by Turner ** and used by Walcott ®® for
the fossiliferous series of Lower Cambrian sediments in western
Nevada and eastern California. The group has the same lithologic
and faunal character in the adjoining Silver Peak quadrangle. The
Middle Cambrian is represented in the Inyo Range by 50 feet of
dense white quartzite overlain by 750 feet of thin-bedded quartzite
" and calcareous sandstone and 100 feet of granular limestone. - The
Upper Cambrian includes about 1,000 feet of sediments. The basal
third or quarter consists of thin-bedded arenaceous limestone with
subordinate amounts of greenish shale. Interbedded with the shale
are sandstone and some impure limestone. The series is similar
lithologically to the Emigrant formation of the Silver Peak area.

ORDOVICIAN AND SILURIAN FORMATIONS,

In the Eureka district the Ordovician is represented by the Pogo-
nip limestone, 2,700 feet thick; the overlying Eureka quartzite, 500
feet thick; and the Lone Mountain limestone, 1,800 feet thick, whick
is in part of Upper Ordovician (Richmond) ageand in part Silurian.
At Eureka*° the Pogonip limestone rests conformably on the Dun-
derberg (“Hamburg”) shale. The transition is marked by argillite
and fine-grained arenaceous beds with interstratified calcareous
shale, passing upward into pure fine-grained limestone of bluish-
gray color, distinctly bedded and highly fossiliferous. According
to Kirk** the main mass of the Pogonip exposed in the type area
is of Beekmantown age as determined by the faunal content, but the
top part carries a Chazy fauna. In earlier work the term has been
rather loosely applied to all limestones of Ordovician age through-
out central and southern Nevada. The Eureka quartzite is a very
prominent feature of the Eureka section. It is a compact vitreous
quartzite with indistinct bedding and is a prominent ridge maker.
The Lone Mountain limestone contains at the base black gritty beds

3 Tyurner, H. W., A sketch of the historical geology of Esmeralda County, Nev.: Am.
(3eologist, vol. 29, pp. 264-265, 1902,

® Walcott, C. D., Cambrian section of the Cordilleran area: Smithsonlan Misc. Coll,
vol. 53, p. 185, 1908.

< Hague, Arnold, U. S. Geol. Survey Mon. 20, p. 48 1892.

4 Kirk, Edwin, Stratigraphy of the Inyo Range: U. 8. Geol. Survey Prof. Paper 110,
p. 34, 1918,
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with Trenton fossils. These pass upward into a light-gray massive
siliceous rock.

In the Golden Gate Range, about 100 miles east of the Manhattan
district, Spurr *? found Ordovician and Silurian rocks. At the base
of the section is 300 feet of thin-bedded somewhat fetid limestone
and limy shale correlated with the Pogonip limestone. Next above
comes 250 feet of white vitreous quartzite. Above this is 800 feet
of comparatively massive brownish limestone correlated with the
Lone Mountain limestone. At a point 150 feet below the quartzite
correlated with the Eureka quartzite Ordovician fossils were found
in a limestone that probably corresponds to the Pogonip limestone.

In the Quinn Canyon and Grant ranges,*® about 80 miles east of
Manhattan, there is 600 or 800 feet of dark-blue to gray limestone
overlain by 300 feet of vitreous quartzite, probably the Eureka quartz-
ite, succeeded in turn by 400 feet of gray-blue massive limestone,
the upper part of which is considered by Spurr as probably including
part of the Devonian Nevada limestone.

At Hot Creek, in the Hot Creek Range, about 50 miles east of Man-
hattan, Spurr ¢ observed the following section :

Section at Hot Creek.

. Feet.
5. Massive gray coarsely crystalline lime- [Probably
SLODE oo oo Lone Mountain 500
4, Shale mixed with thin-bedded limestone. limestone] 1,000
3. Thin-bedded dark-blue limestone_._______ " 200
2. Massive white quartzite [probably Eureka quartzite]_ .___ 400
1. Thin-bedded dark-blue frosty-lustered limestone [probably
Pogonip limestone]________ - 400

Ordovician fossils were obtained 200 feet below the quartzite. At
a point 3 miles to the west there is about 600 feet of siliceous light-
gray limestone below bed No. 1, making in all about 1,000 feet of
limestone below the quartzite.

In the Toyabe Range, according to Emmons,*> there is a series
with an estimated thickness of 7,000 feet, consisting of limestone and
shale, with siliceous clay slate, locally metamorphosed into schistose
rocks. These beds are supposed to be the same as the slates at Bel-
mont and if so must be of Ordovician age. Ordovician fossils have
recently been found in places in the southern part of the Toyabe
"Range, but here the thickness does not appear to exceed 3,500 feet.

For the part of Nevada south of the thirty-eighth parallel Ball4¢
gives a generalized section in which he states that the lowest division

“Spurr, J. B, U. S. Geol. Sm'vey Bull, 208, p. 57, 1903.
4 Jdem, p. 69

4 Idem, p. 85.

4 T, 8. Geol, Bxpl. 40th Par Rept., vol. 3, p. 328, 1870.
«© 7. S. Geol. Survey Bull. 308, pp. 28-29, 1907.



32 MANHATTAN DISTRICT, NEVADA,

of the Ordovician is the Pogonip limestone, 200 to 4,000 feet thick.
This limestone seems to succeed the Cambrian limestone without
marked lithologic change. It is dark gray, fine to medium grained,
and dense and is somewhat lighter in color and more massively bedded
‘than the urderlying Cambrian limestone. Near the middle is about
100 feet of white or pinkish quartzite. The transitional rocks from
the Pogonip to the overlying Eureka quartzite are an interbedded
series of limestone, shale, and quartzite. According to Ball,

The' Eureka- quartzite in southwestern Nevada is‘a typically white or‘pink,-
fine to medium grained pure metamorphosed quartzose sediment. ' Some beds,
however, are conglomeratic quartzites, while others are argillaceous and grade
into thin interbedded sheets of dalk colored slaty shale.

The quartzite is thicker than .at Eureka, 1‘e‘mchmg 1,200 to 1,500
feet in the Kawich Range, and it is underlain by a tr ans1t10na1 series
of limestone, shale, and qualtzlte instead of directly by the Pogomp
limestone, as at Eureka.

In the Belted Range,* about 100 m11es south- southeast -of Man-
hattan, a thickness of 4,000 feet of Ordovician sediments considered
the equivalent of the Pogonip limestone is exposed. .These rocks
consist dominantly of limestone, which is typically fine grained, crys-
talline, and dark gray or black. Nodules of black chert are pres-
ent in places, and certain beds of limestone are silicified to a com-
pact black jasperoid; with conchoidal fracture. Quartzite forms a
prominent bed near the middle of-the limestone. Much of the
quartzite is argillaceous and grades into thin-bedded slaty shale.

The Amargosa Range*® forms the northern border of Death Valley
in California just south of the Nevada line. The portion known as
the Grapevine Mountains is 110 miles south of Manhattan. Here
between 2,000 and 3,000 feet of limestone that yielded Middle Or-
dovician fossils is exposed. This limestone is correlated with the Po-
gonip. It is gray to black and is closely laminated but shows heavy
bedding. In places areas of coarse white calcite blotch the limestone.
A thin bed of white quartzite is interbedded with the limestone in
the lower part of the series at Cave Rock Spring. Overlying the
Pogonip limestone is about 800 feet of quartzité, the equivalent of
the Eureka quartzite. This is a pink, rather fine quartz rock of
medium grain, in which conglomeratic bands occur. ' Thin layers of
black fine-grained argillaceous quartzite 'and of slaty shale are inter-
bedded W1th the normal quartzite.” ‘Above the quartzite is 300 feet of
Jimestone which resembles the Pogonip closely. In this rock were
found 1mperfect silicified” fossils of ‘late Silurian age, and conse-
quently the limestone is to be correlated in part with the Lone
Mountain limestone of the FEureka section. According -to Kirk it

@ Ball, §. H, op. cit., pp. 119-120.
4 Jdem, pp. 164-166.
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is also to be correlated with the Fusselman limestone of Texas and
New Mexico.

At Quartzite Mount'un, in the Kawich Range,‘“’ 40 mlles southeast
of Manhattan, there is a considerable thickness of rocks of probable
Ordovician age, 1nclud1n<r 400 to 600 feet of interbedded quartzite,
slaty shale, and hmestone, surmounted by 1,200 to 1,500 feet of
quartzite. The Lone Mountain limestone (of Upper Ordovician
and Silurian age) is probably also represented in a small area of
“limestone at what appears to be a horizon stratigraphically above the
quartzite.

Dark-gray limestone and fine to medium grained white to red
quartzite in the Cactus Range,”® about 40 miles south-southeast of
Manhattan, are considered on lithologic grounds to be the Pogonip
limestone and Kureka quartzite respectively.

The Ordovician sediments of the Silver Peak quadrangle have
been described by Turner ® and named by him the Palmetto -for-
mation. According to Turner there appears to be no sharp line of
separation between the Emigrant formation (Upper Cambrian) and
the Palmetto formation (Lower Ordovician). The Palmetto forma-
tion consists of dark thin-bedded chert with layers of gray grap-
tolite slate and smaller amounts of reddish slate and an occasional
limestone layer. The most abundant and characteristic fossils of
this formation are the graptolites found in the gray slate. The grap-
tolites represent two horizons—one of Normanskill age, the other of
Beekmantown age—but nearly all of them are of Normanskill age,
In the Beekmantown fauna there are two characteristic genera, Didy-
mograptus and Tetragraptus. In places numerous streaks of light-
colored felsitic rock are interbedded with the dark chert of Normans-
kill age. These streaks may in part represent altered rhyolitic or
dacitic tuff and lava.

The Ordovician of the Inyo Range ** has a totfml thickness of about
5,000 feet and includes four subdivisions. There is a basal sand-
stone interstratified with shaly layers, 300 feet thick, followed by
3,500 feet of blue-gray to lead-colored limestone, probably of Beek-
mantown age. These two subdivisions are correlated with part of
the Pogonip limestone of the Eureka district. Above them is 500
feet of bluish to almost black limestone in which shaly beds occur.
This series carries fossils of Chazy age and hence is equivalent to
the upper part of the Pogonip of the White Pine district. The
uppermost subdivision comprises 750 feet of arenaceous shale con-

4 Ball, S. H,, op. cit,, p. 100.

% Idem, pp. 89-90. '

51 'Purner, H. W., A sketch of the historical geology of Esmeralda County, Nev.: Am.
Geologist, vol. 29, pp. 262—-272, 1902.

52 Kirk, Edwin, op. cit.,, pp. 32-36.



34 MANHATTAN DISTRICT, NEVADA,

taining a fauna of Normanskill age. This formation is predomi-
nantly shaly but contains some bands of sandstone. It is correlated
with the Palmetto of Turner in the Silver Peak quadrangle.

DEVONIAN FORMATIONS.

Although no rocks of Devonian age were found in the Manhattan
district or the portion of the Toquima Range covered by the recon-
naissance, Devonian formations occupy a prominent position in
some parts of central Nevada, particularly the areas covered by the
Fortieth Parallel Survey. In the Eureka district and the White
- Pine Range there is the Nevada limestone, 6,000 feet thick, a massive
gray to bluish-black highly fossiliferous limestone, above which lies
2,000 feet of black argillaceous shale (White Pine shale), originally
referred to the Devonian but correlated by Girty *® with the Caney
shale of Arkansas, which he refers to the Mississippian.

Spurr’s reconnaissance shows the presence of Devonian rocks in
the Golden Gate Range,® about 100 miles east-southeast of Man-
hattan, where 2,000 feet of Devonian beds are exposed—the lower
half limestone, largely corals, and the remainder shale and thin-
bedded limestone. No certainly identified Devonian is present in
the other ranges studied by Spurr® in this region. In the Quinn
Canyon Range the thickness of limestone above the quartzite that s
correlated with the Eureka quartzite is greatly in excess of that of
the Lone Mountain limestone at Eureka. It is possible, therefore,
that the upper portion of this limestone includes part of the De-
vonian Nevada limestone. The slate of probable Ordovician age in
the northern part of the Toyabe Range is overlain by dark-blue lime-
stone of Carboniferous age. This range has been so little studied,
however, that Devonian strata may be present but unrecognized.

In the portion of southern Nevada covered by Ball’s reconnaissance
the Devonian is thought to be lacking, nor wére Devonian formations
found by Turner in the Silver Peak quadrangle.

In the Inyo Range, on the other hand, Kirk *® found Devonian
limestone with subordinate shale and sandstone, which are correlated
with the Nevada limestone of the Eureka section.

In 1922 Devonian limestone was found by the writer and S. H.
Cathcart in the San Antonio Range, 25 miles south of Manhattan.
In the central part of the Toyabe Range the Permian rests uncon-
formably on the Ordovician, implying erosion of the Devonian strata
in this region.

8 Girty, G. H., Relations of some Carboniferous faunas: Washington Acad. Sci. Proc.,
vol. 7, pp. 11-12, 1905.

64 Spurr, J. E,, U. S. Geol. Survey Bull, 208, p. 57, 1903.

5 Jdem, p. 72.

8 Kirk, Edwin, U. 8. Geol. Survey Prof. Paper 110, p. 36, 1918,
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MISSISSIPPIAN FORMATIONS.

The Mississippian of the Eureka-section includes the White Pine
shale, consisting of 2,000 feet of black argillaceous shales with inter-
calated sandstones, originally referred to the Devonian, overlain by
8,000 feet of massive quartzite with shale at the top (the Diamond
Peak quartzite), of probable Mississippian age.

The Mississippian appears to be lacking in the ranges of central
and southern Nevada, within 100 miles of Manhattan, visited by
Spurr. Ball’s reconnaissance in southern Nevada revealed no rocks
of Mississippian age. Wherever well-exposed sections were found
the Pennsylvanian rests unconformably on the Lone Mountain lime-
stone.”” Turner found no Mississippian in the Sllver Peak quad-
rangle.

In the Inyo Range® however there is at le‘mt 1,000 feet of shale
with a little sandstone and llmestone, with conglome rate at the base,
which is correlated with the White Pine shale of eastern Nevada.

PENNSYLVANIAN AND PERMIAN FORMATIONS.

In contrast to the irregular distribution of Devonian and Missis-
51pplan formations, the Pennsylv‘lnmn qppeals to be well represented
in this portion of Nevada. :

In the Eurcka district * the rocks of known Pennsylvanian age be-
gin with 8,800 feet of heavy-bedded dark limestone with intercalated
bands of chelt and argillaceous beds near the base (the “ Lower Coal
Measures” limestone of Hague). This is overlain by 2,000 feet of
coarse and fine conglomerates with angular fragments ot chert and
layers of reddish- yellow sandstone that hwe been correlated with the
Weber conglomer ate of Utah. The uppermost formation is the “ Up-
per Coal Measures” limestone, consisting of 500 feet of light-colored
blue and drab limestone. This, however, may be of Permian age.®

In the White Pine Range, according to Hague ®* and Spurr.? the
section is similar.

Spur1’s reconnaissance disclosed Pennsylvanian formations in dif-
ferent ranges throughout central Nevada, but less well developed
than in the region of the fortieth parallel.

Several ranges in the extreme southern part of the State, south-
ward and southeastward from the Pahranagat Range, show a con-
siderable thickness of Carboniferous limestone.

In the Toyabe Range Emmons® found a considerable thickness
of Carboniferous limestone overlying the Ordovician (?) slate.

5 Ball, 8. H., U. 8. Geol. Survey Bull. 308, fig. 3, 1907.

88 Kirk, Bdwin, U. S. Geol. Survey Prof. Paper 110, pp. 38-39, 1918.

% Hague, Arnold, U. S. Geol. Survey Mon. 20, p. 84, 1892.

% Kirk, Edwin, Stratigraphy of the Inyo Range U. 8. Geol. Survey I'rof. Paper 110,
p. 44, 1918

6l Hague, Arnold, op. cit. (Mon. 20), p. 191; U. 8. Geol. Expl. 40th Par. Rept., vol.
2, pp. 542-547, 1875.

%2 Spurr, J. E., U. 8. Geol: Survey Bull. 208, p. 62, 1905.

¢ Emmons, S. F., Ti. 8. Geol. Expl. 40th Par. Rept., vol. 3, p. 323, 1870. Spwr, J. E,,
op. cit., p. 95.
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Ball® correlated the oldest Pennsylvanian in southern Nevada
with the so-called Weber conglomerate of .the Eureka section, the
two lower formations of the series apparently being absent. Above
this is a considerable thickness of limestone.

- In the Belted Range® the lower formation, which has been con-
sidered the equivalent of the Weber conglomerate, consists of 800 to
1,000 feet of sandstone with conglomeratic bands, which appear to
contain pebbles derived from Cambrian strata, and an overlying shale
300 to 500 feet thick. The overlying Pennsylvanian hmestone 1S ap-
proximately 2,500 feet thick.

In the Cactus Range a conglomerate contammg pebbles probably
derived from Cambrian, Ordovician, and Silurian rocks is also cor-
related with the Weber conglomerate.

The conglomerate was not found in the Panamint Range,*® where
the Pennsylvanian limestone, of which some 1,500 feet is exposed,
is in fault contact with the Pogonip (Ordovician).

In the Reveille Range ¢ a massive white quartzite that underlies
the Pennsylvanian limestone is correlated with the Weber con-
glomerate, although lithologically more closely resembling the older
quartzites of the Eureka section. Above this is massive limestone
of Pennsylvanian age.

Pennsylvanian limestone similar to that of the Belted Range also
occurs on Shoshone Mountain.®®

According to Turner,”® sandstone and slate with cherty layers
containing fossils referred to the upper Carboniferous were found
southeast of Candelaria. No study was made of the formation.

The Pennsylvanian of the Inyo Range™ contains a basal lime-
stone, between 500 and 1,000 feet thick. This is not present in the
south-central Nevada sections. Unconformably overlying it is the
Diamond Peak quartzite, at least 3,000 feet thick. The “ Lower Coal
Measures ” limestone of the Eureka section is represented by cal-
careous shale and impure limestone, with a thickness of about 3,000
feet. The probable stratigraphic equivalent of the so-called Weber
conglomerate is the Reward conglomerate, 250 feet thick, which is
clearly a nonmarine deposit. Above this is the Owenyo limestone,
125 feet thick, containing a fauna similar to that of the “ Upper Coal
Measures ” limestone of the Eureka section and assigned by Girty to

the Permian.™

6 Ball, S. H., U. 8. Geol. Survey Bull. 308, p. 30 1907.
6 Jdem, pp. 120—192

6 Jdem, pp. 203-204.

¢7 Idem, pp. 115-116.

6 Jdem, p. 143.

% Turner, H. W., op. cit., p. 266.

7 Kirk, Edwin, op. cit., pp. 40-45.

7 Idem, p. 45.
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COMPARISON WITH THE MANHATTAN SECTION,

The foregoing summary shows the impossibility of making definite
correlations on lithologic grounds between the rocks of the Manhat-
tan section and the Paleozoic formations of the neighboring ranges.
The Gold Hill formation of Manhattan is perhaps equivalent to the
Dunderberg (“Hamburg”) shale of the Eureka district, but there
is no close similarity. The upper part of the Cambrian of the Toyabe
Range, on the other hand, is much more like the Gold Hill formation.
Farther south the dark Cambrian limestones with black chert and
jasperoid described by Ball bear a closer lithologic resemblance to
the Zanzibar limestone, of supposed Ordovician age, than to the rocks
mapped as probable Cambrian at Manhattan. The Emigrant forma-
tion of Turner, however, consists of alternations of shale and sand-
stone and limestone similar to the Gold Hill formation of Manhattan.

The Mayflower schist does not closely correspond in lithologic
character or stratigraphic position with any of the Ordovician sedi-
ments of the neighboring ranges that have been described.

The Zanzibar limestone, including the black slate below the first
graptolite horizon, is probably the equivalent of the lower part
of the Pogonip limestone described by Ball. The quartzite in the
Manhattan district taken as the base of the Toquima formation is
overlain by limestone similar to the Zanzibar and may represent
the quartzite described by Ball as nearly everywhere present in the
middle of the Pogonip limestone. If it does, the Pogonip limestone in
the sense in which the term was used by Ball includes also the
lower 100 or 200 feet of the Toquima formation. The Palmetto
formation as described by Turner appears to be lithologically as well
as paleontologically sirilar to the Toquima formation.

Silurian, Devonian, and Mississippian strata are present in the
Eureka section, to the northeast, and Devonian and Mississippian in
the Inyo Range, to the southwest, as well as in some of the ranges
farther east, but at Manhattan all three are lacking and the possible
equivalent of the-so-called Weber conglomerate rests unconformably
on the Ordovician slate. It is likely that the same condition is pres-
ent in the Toyabe Range. In Nevada south of the thirty-eighth par-
allel Ball found a thin stratum of Silurian limestone but no De-
vonian or Mississippian. No rocks of Silurian, Devonian, or Missis-
sippian age are recorded by Turner from the Silver Peak quad-
rangle, but Devonian and Mississippian rocks are present a short dis-
tance to the west and southwest, in the Inyo Range. It is inferred
that a land mass was persistent in this portion of southwestern
Nevada during much of the time from the Silurian to the Pennsyl-

vanian.
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The outcrops of sandstone and conglomerate of Permian (%) age
in the Manhattan district are too obscure and cover too small an
area to justify any correlation with formations of similar age
except in the Toyabe Range, where the Permian rests unconform-
ably on the Ordovician. Possibly they represent the equivalent of
the so-called Weber conglomerate of the Eureka district..

]

GRANITIC ROCKS (CRETACEOUSP?).

Granitic rocks intrusive into the Paleozoic sediments occupy much
of the Toquima Range, and it is probable that a considerable mass of
such rocks is buried under the Tertiary rocks near Bald Mountain
and the valley fill of Ralston Valley near Spanish Springs and
Belmont. ‘

As the stage from Tonopah approaches the Toquima Range from
the south the visitor to Manhattan readily perceives that much of
the flat valley on the southeast side of the range is covered with only
a thin veneer of detrital material, and that here and there the under-
lying granite is visible. Nearer the range the road passes between
granite hummocks of fantastic shapes. Beyond Spanish Springs the
hills are higher and the topography more rugged, and just north of
a short canyon cut in the granite the contact with the Paleozoic
sediments is reached at Pipe Springs. To the west the northern
border of the granite area reaches as far as the prominent peak
forming the summit of the southern part of the range, and to the
east it reaches Ralston Valley, a short distance south of the mouth
of East Manhattan Gulch. It is probable that the granite extends
northward under the fill of Ralston Valley and that the southern
mass is connected with the northern granite area west of Belmont.
A small area of granite, separated from the larger mass by a narrow
belt of metamorphosed sediments, occupies the head of Old Man-
hattan Gulch, near Mustang Spring.

The largest area of granite exposed in the explored portion of the
Toquima Range extends northwestward from Belmont and crosses
the range in a broad, irregular belt. The contact of the granite
with the Cambrian (?) and Ordovician sediments is exposed along -
its northern border between Belmont and Barcelona and thence
northward toward the headwaters of Meadow Creek. Beyond this
point it is buried under later lavas except for a short stretch between
Jefferson and Round Mountain. On the south side the contact of
the granite with the Ordovician sediments is exposed on a part of
the western flank of the range, but along the greater part of its
southern border the granite passes beneath Tertiary lavas, which, it
is believed, cover a southward extension of this granite area nearly
as large as that now remaining exposed. At three points in the
Manhattan district there are small outcrops of granite surrounded



GRANITIC ROCKS (CRETACEOUS?). 39

by Tertiary rocks. These represent summits of granite peaks for-
merly buried beneath the lavas and tuffs. Ome of these outcrops
near the northeast corner of the area, at an altitude of 8,300 feet,
is surrounded by the Bald Mountain lake beds and must have per-
sisted as an island throughout the lacustrine period. The other two,
a short distance north of Sahsbury Peak, protrude through Round
Rock rhyolite.

The granite varies in mineral composition in different parts of the
mass, though no evidence of intrusion at different times was found.
Most of the thin sections examined are microcline granite, but the rock
grades in places into quartz monzonite or granodiorite. Commonly
the granite is porphyritic and carries large feldspar phenocrysts,
which may be as much as 5 or 6 centimeters in length. These may
be microcline or orthclase, and many of them are perthitically inter-
grown with albite. The remainder of the rock is of coarse-grained
granitic texture. Quartz is prominent and in some specimens equals
or exceeds the feldspars in volume. The feldspars consist of ortho-
clase, microcline, albite, and oligoclase in varying proportions. In
none of the sections examined was either orthoclase or plagioclase
entirely lacking. Biotite is present except near the contact, where
its place may be taken by muscovite. Muscovite is not common in
the inner portions of the large masses but occurs abundantly near
the contacts. Other accessory minerals are magnetite, ilmenite,
titanite, garnet, zircon, monazite, and tourmaline, which are present
in small amounts only.

The granite of the Toquima Rmnge undoubtedly forms a part of
the same batholith as the granite of identical mineral composition
and appearance studied by Spurr and Turner in the Silver Peak
region. The following partial analyses of granites from the Silver
Peak quadrangle, made by George Steiger, are quoted from Spurr’s
report.”

Partial analyses of granitic rocks from southern part of Silver Peak quadrangle.

1 2 3 4 5
SHHCA (ST02) cnve e eeneeeneee e e e eeeaes 68. 0l 60.23| 7L14| 7.2 76,04
TAMe (CA0Y - o eenom oo 3.38 2.56 1.52 .48
8008 (N82O Y. o meoemsoesie ol 4 05 3.75 3.65 2.79 7.58
Potash (Ki0) - - -vomememomsissoa 483 4.75 3.37 5.35 .07

These analyses indicate a considerable range in composition, the rocks vary-
ing from a basic phase having the composition of a quartz monzonite or
granodiorite through the ordinary granite type to alaskite (No. 5). '

73 Spurr, J. E., Ore deposits of the Silver Peak quadrangle, Nev.: U. 8. Geol. Survey
Prof. Paper 55, p. 23, 1906.

56027—24——+4
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The silicic phases of magmatic differentiation are represented by
alaskites varying in texture from aplites to pegmatites. Narrow
dikes or sills of very fine-grained alaskite aplite are extremely com-
mon throughout the district. In many places they are intruded par-
allel to the bedding of the inclosing sediments and from their fine-
grained and siliceous aspect might readily be mistaken for thin beds
of white quartzite. They consist essentially of an aggregate of
quartz, feldspar, and muscovite, in which the individual grains do
not commonly exceed 0.03 millimeter in diameter. Quartz is the
predominant mineral and in most places forms more than half the
rock. The feldspars present include orthoclase, microcline, and al-
bite; the albite usually occurs in comparatively small amount. Mus-
covite is present in two forms—in individual crystals contemporane-
ous with the other rock minerals and commonly containing numerous
quartz inclusions, and in little spherulite-like clusters and radiat-
ing groups replacing the felspar. As Spurr™ has shown, the forma-
tion of the second type of muscovite probably followed the solidifi-
cation of the dike.* .

An alaskite dike in the vicinity of Belmont has been described in
detail by Spurr,™ and the following analysis of the rock was made
by George Steiger, of the United States Geological Survey:

Analysis of alaskite near Belmont, Nev.

Si0. 8415 H.O— 0.2t
AlLO; 9.67 | HaO4 oo .74
Fe,0; - .51 | TiO. -~ Trace.
FeO 07T | SO Trace.
MgOo .53

NaO o SRS 2.65 100.12
KO ____ 1. 57

In a few places in these dikes quartz greatly predominates and the
rock approaches a quartz vein in constitution. Rarely small crystals
of pyrite, apparently original, are present. The gradation between
alaskite aplite and vein quartz is less noticeable than in the Silver
Peak region, however, nor do the alaskites contain appreciable
amounts of valuable minerals.

Basic rocks are rare. An outcrop of serpentine was found in the
Ordovician sediments of the southern part of the range near Baxter
Springs. A small mass of gabbro cuts the older sediments near the
Belmont road, between the Maris mine and the mouth of East Man-
hattan Gulch. Within the area mapped on Plate I a small mass of
diorite is the only basic rock associated with the granitic intrusions.

® Spurr, J. E., Quartz-muscovite rock from Belmont, Nev.: Am. Jour. Sci, 4th ser,
vol. 10, pp. 851-358, 1900 ; Ore deposits of the Silver Peak quadrangle, Nev.: U. S. Geol.
Survey Prof. Paper 55, p. 43, 1906.

% Quartz-muscovite rock from Belmont, Nev.: Am. Jour. Sci., 4th ser., pp. 351-358, 1900.
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This rock crops out on the east bank of Mayflower Gulch near the
southern border of the area.

The evidence of age yielded by the rocks of the Toquima Range
shows only that the granite is post-Permian and pre-Miocene. The
following summary by Spurr™ of the evidence as to the age of the
granites in the Silver Peak quadrangle applies equally well to the
extension of that granite mass in the Toquima Range:

In the Pilot and the Excelsior ranges, a short distance north of the Silver
Peak quadrangle, there are granitic rocks similar to those at Silver Peak. Here
they are probably intrusive in Triassic and Jurassic strata. Still farther north,
in the Ellsworth Range, similar granitic intrusives penetrate formations which
the writer has provisionally referred to the Triassic. Some of these intrusive
rocks are characterized by unusually large orthoclase phenocrysts like the type
above referred to in the southern part of the Silver Peak quadrangle. North of
this area, in the Star Peak Range, are granitic rocks (accompanied by alaskite
dikes) which are intrusive into Triassic and probably Jurassic strata. Simi-
lar granitic rocks occur also in neighboring mountain ranges and are in many
cases known to be intrusive into Paleozoic strata. At Belmont dikes intrusive
into Silurian strata consist in part of coarse granite porphyry, with very large
feldspar phenocrysts, identical in appearance with the coarse porphyritic phases
in the Ellsworth and Silver Peak ranges. '

The work of Mr. H. W. Turner has shown that the granitic rocks in the
southern part of the Silver Peak Range cross Fish Lake Valley, which lies west
of the range, and are represented in the White Mountain Range. Granitic
rocks are well represented in this range (even more than in the Silver Peak
Range) and in portions at least are known to cut Cambrian strata. The White
Mountain Range is separated from the Sierra Nevada by Owens Valley. This
adjacent portion of the Sierra Nevada is made up almost wholly of granitic
rocks, and the similar granitic masses of the two ranges are separated only by
patches of Tertiary volganics or by the detritus flooring the intervening valley.
In the Sierra Nevada these rocks consist mainly of granodiorite and granite,
and the date of their intrusion has been fixed by studying the age of the in-
truded strata as in the epoch which included the close of the Jurassic and the
beginning of the Cretaceous periods.

In the various granitic areas outside of the Silver Peak quadrangle, which
the writer has enumerated above, aplitic rocks, chiefly of alaskite compo-
sition, are abundant as a later phase of the consolidation of the magma.

It appears probable, therefore, that the granitic rocks of the Silver Peak
quadrangle and of various other ranges of western Nevada are similar in
general nature and origin to the granitic rocks of the Sierra Nevada and,
like them, are of late Jurassic or early Cretaceous age.

Ball’s study of the part of the State south of the thirty-eighth par-
allel ** showed widely separated areas of granitic rocks ranging in
mineral composition from alaskite through biotite granite to quarts
monzonite. These he considers “to have been contemporaneous in a
broad way” and of post-Jurassic or very early Cretaceous age.
Similarly, Louderback ”* assigns a post-Jurassic age to the granite

* 7 Spurr, J. E., op. cit. (Prof. Paper 55), pp. 25-26.

76 Rall, S. H., The post-Jurassic igneous rocks of southwestern Nevada: Jour. Geology,
vol. 16, pp. 36-45, 1908.

77 Louderback, G. D., Basin Range structure of the Humboldt region: Geol. Soc. Amer-
ica Bull, vol. 15, p. 819, 1904.
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of the Star Peak Range, in west-central Nevada. Farther east, in
Utah, Butler ™ found that the principal period of granitic intrusion
was the early part of the Eocene.

It appears most likely that, as Lindgren ™ suggests, the bathohthlf'
intrusions of the Pacific coast gradually spread eastward and that
the intrusive rocks in central and western Nevada and eastern Cali-
fornia are but little younger than the great California batholith.
Hence, in the writer’s opinion, it is probable that the granitic intru-
sions of the Toquima Range are of early Cretaceous age. If the
folding of the Paleozoic rocks took place at the end of Jurassic time
the intrusion of the granite to its present position must have been
slightly later, for the granite masses truncate the folds.

TERTIARY ROCKS.

SUMMARY.

In the northern part of the area covered by the geologic map
(PL I) the older rocks are deeply covered by a series of Tertiary
lavas and sediments having a maximum thickness of about 3,000
feet. These beds have been divided for purposes of mapping into
several lithologic units, but between several of these units the
boundaries are not distinct and it is difficult to draw definite lines
of separation. Each of the units shown on the map in places con-
tains facies so closely allied to those above and below as to suggest
that the period of their deposition was comparatively short and
that only a small part of the later Tertiary history of central Nevada
is here recorded.

Sedimentary, pyroclastic, and igneous rocks compose the Tertiary
succession. A comparison of the igneous rocks of Tonopah and
Divide with those of Manhattan strongly suggests that the whole
series of lavas and tuffs at Manhattan, except the dacite and the
intrusive rocks, is equivalent in age to the Siebert formation in the
broad sense defined by Ransome®® and Knopf $>—that is, including
both the Fraction breccia and the Siebert tuff as described by
Spurr ® for the Tonopah district. Recent geologic mapping of the
Tonopah quadrangle has shown the identity of the “ Siebert” forma-
tion in this broad sense with the Esmeralda formation, previously

% Butler, B. S., The ore deposits of Utah: U. 8. Geol. Survey Prof. Paper 111, p. 99,
1920.

™ Lindgren, Waldemar, Igneous geology of the Cordilleras: Problems of American
Geology, pp. 260, 262, 1915.

% Ransome, F., L., Geology and ore deposits of the Goldfield district, Nev.: U. S. Geol.
Survey Prof. Paper 66, pp. 66—68, 1909.

8t Knopf, Adolph, The Divide silver district, Nev.: U. 8. Geol. Survey Bull. 715, pp.
150-154, 1921. .

8 Spurr, J. E., U. 8. Geol. Survey Prof. Paper 42, pp. 3940, 51-54, 71, 1906.
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described by Turner,** hence the latter name is used in this report.
and “Siebert” formation in this broad sense is abandoned for
Esmeralda formation, the older name.

For purposes of geologic mapping the Tertiary rocks of Man-
hattan have been divided as follows, beginning with the youngest:

Dacite, a thick flow in the northwestern part of the area, probably
of much more recent age than any of the other Tertiary rocks.

Andesite porphyry, a coarsely porphyritic intrusive. Occursin large
masses and dikes, cutting the earlier formations. Probably of
about the same age as the Divide andesite of the Divide district.

Maris rhyolite, a glassy intrusive which cuts older flows, par-
ticularly the Round Rock member. Suggestive of the Oddie
rhyolite of Tonopah.

IZsmeralda formation:

Quartz latite member, containing breccia and quartz latite
flows and except for the comparative paucity of foreign
inclosures closely similar in appearance to the underlying
Round Rock member.

Bald Mountain lake beds member, a series of conglomerate,
tuffaceous sandstone, and shale, apparently the same as
the Siebert tuff of Tonopah.

Diamond King member, a porphyritic rhyolite rich in quartz.
The lower portion is a massive even-grained flow, and
the upper is a bedded tuff consisting exclusively of ma-
terial derived from the underlying lava and with difficulty
distinguishable from it.

Round Rock member, consisting chiefly of rhyolite breccia
with large numbers of foreign inclusions, minor amounts
of tuff, and a few lenses of sandstone. In the lower
portion there is at least one flow of glassy rhyolite and
probably more. Is believed equivalent to Fraction breccia
of Tonopah.

Hedwig breccia member, composed of angular fragments of
the underlying Paleozoic rocks and believed to constitute
fossil talus slopes.

ESMERALDA FORMATION.

The Esmeralda formation in the Manhattan district is divided into
the members named in the preceding table and described on the fol-
lowing pages.

HEDWIG BRECCIA MEMBER.

The oldest of the Tertiary rocks, the Hedwig breccia member of the
Esmeralda formation (so named from its outcrops in the vicinity of
the Hedwig claim), contains no volcanic material. In general it con-
sists of a well-cemented breccia composed of small angular fragments
of the various Paleozoic rocks (PL III, B). Where the base can be

& Turner, H. W,, Th.e Esmeralda. formation, a fresh-water lake deposit: U. 8. Geol.
Survey Twenty-first Ann. Rept., pt. 2, pp. 197-208, 1900.
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observed the underlying rock is nearly everywhere the same as that
forming the breccia, and in places it is difficult to determine exactly
where the breccia begins. Very Little of the breccia consists of mixed
materials, but in the neighborhood of the quartzite lenses fragments
of the quartzite are found mixed with other material at some distance
from their source. Many outcrops show pebbles of Ordovician lime-
stone well cemented in a calcareous matrix, but all the pre-Tertiary
rocks—schist, quartzite, and granite—have furnished material in
one place or another. Water-laid material is rare. At one point in
the eastern part of the area a small stream channel filled with a con-
glomerate consisting of rounded granite pebbles, evidently the fossil
remnant of a stream draining the granite area to the north, crosses an
outcrop of breccia consisting of fragments of slate and limestone.
Small patches of water-laid material also occur in the southern part
of the area.

As a rule the individual fragments composing the breccia are not
over an inch or two across. Exceptionally they may consist of large
angular blocks, especially where quartzite predominates.

The breccia fringes the northern border of the Paleozoic sediments
from East Manhattan to Mustang Hill and is found in the region to
the north and northwest of Black Mammoth Hill, in small areas sur-
rounded by Round Rock rhyolite. Material of the same type occurs
at the base of the lavas in Timber Hill Gulch, south of the area
covered by the detailed geologic map.

The nature of the material forming the breccia, its angular char-
acter, and its close relation to the underlying bedrock show that it is
a remnant of the old talus slopes formed under conditions approach-
ing  aridity in a region of some relief. The angularity and general
lack of bedding show that stream deposition was a factor of minor
importance in its formation. The presence of much limestone in
small sharp fragments is perhaps additional evidence of aridity. The
lack of any general mixing of material from different formations is
evidence that the slopes were on the whole gentle, though the quartz-
ite beds seem to have formed ridges of some prominence, and the
total range of deposition, from an altitude of 8,000 feet on Salisbury
Hill to 6,700 feet northwest of Black Mammoth Hill, implies a fair
amount of relief.

The irregular distribution of the breccia and the lack of good ex-
posures make estimates of its thickness uncertain. It is doubtful,
however, whether it anywhere exceeds 100 feet in thickness.

4

ROUND ROCK MEMBER,

The oldest lavas found in the Manhattan district are a series con-
sisting of pumiceous rhyolite and rhyolitic breccia and tuff, which
form a single lithologic unit called the Round Rock member, from
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exposures in the vicinity:.of Round Rock, about a mile north of Man-
hattan (Pl III, 4). The rock-is commonly.buff to light gray and
is spotted with numerous inclusions, which comprise representatives
of all the older rocks of the region and also pebbles of spherulitic
rhyolite and hornblende andesite derived from older flows not ex-
posed in the Manhattan district. These inclusions are in places so
numerous as to exceed in volume the inclosing rhyolite, and they
range in size from huge boulders down to minute specks visible only
under the microscope. Near the base the inclusions are naturally
most numerous. In places where the contact with the underlying
Hedwig breccia is-exposed the angular slate fragments form nearly
the whole of the rock, with only a cement of igneous material. Else-
where little dikes of the. rhyohte penetrate the underlying" breccia
irregularly.

The general appearance of most of the material suggests a brec-
cia rather than a lava flow, and there is no doubt that much of it
is of pyroclastic origin, but here and there in the lower part of the
member are sheets that have a matrix of dark glass, and many speci-
mens which in the field suggested a pyroclastic breccia show under
the microscope a glassy flow-banded base. It was impossible to reach
a definite conclusion as to the origin of several of the specimens ex-
amined.- :

The eftfusive portions show sparsely scattered small phenocl ysts of
quartz and feldspar and less commonly biotite. The larger pheno-
crysts are mostly broken and rarely present complete crystal out-
lines. Magmatic embayments are common in the quartz. The feld-
spars include both orthoclase and oligoclase, but their relative
amount varies greatly in the different specimens examined. More
commonly orthoclase is greatly predominant; but some specimens
contain so much plagioclase that they might be classed as quartz
latite. '

Flows of rhyolite, which are in part glassy, appear to be most com-
mon near the base. The middle part of the member contains the
greater proportion of pyroclastic material, including rhyolitic tuff
and breccia and a little sandstone and water-laid tuff. Above this .
is a coarse breccia made up of angular fragments of the older rocks,
with little or no volcanic material, which strongly suggests a de-
posit formed from a talus slope or fan cone. This breccia occurs
between fine-grained sedimentary beds. Flow-banded rhyolites are
again prominent near the top of the member. These upper flows

commonly carry more biotite than _those near the base.

The Round Rock member is in” places overlain by thin-bedded
quartzose sandstone probably nowhere over 80 feet thick, which for
convenience of mapping has been included with it. This sandstone
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is well exposed on the hill west of Slaughterhouse Gulch but else-
where is found only in a few spots, being either lacking or hidden
by talus from the overlying Diamond King member. In places a
conglomerate containing pebbles of pre-Tertiary rocks and rhyolite
occurs with the sandstone.

The rocks of this member, particularly the pyroclastic and sedi-
mentary members, are soft and friable and are more easily worn
down than any others in the district. Consequently the Round
Rock member occupies a belt of lowland between the Paleozoic
sediments on the south and the more resistant later Tertiary rocks
on the north. The lowland belt is broken by irregular hills that owe
their origin to later intrusions, to local induration of the breccias,
or to the presence here and there of exceptionally resistant rocks.
(See Pl III, B.) The maximum thickness of the Round Rock
member in the Manhattan district is about 800 feet.

Similar rocks occur outside the Manhattan district at the base of
the volcanic series in the southern part of the range, between Willow
Spring and Baxter Spring, and along the western front of the range
a few miles northeast of Round Mountain. A few small isolated
patches of Round Rock rhyolite breccia are found here and there in
the Paleozoic area. A dike of rhyolitic tuff, similar in character
to the tuffaceous phase of this member, has been intruded along the
fault between the Cambrian (?) and Ordovician sediments on Mus-
tang and April Fool hills.

DIAMOND KING MEMBER.

Above the Round Rock member lies the Diamond King member,
named from its prominence on Diamond King Hill. The lower
part consists of a thick flow or series of flows of porphyritic rhyolite.
The wide distribution of this rock, the absence of any contact
metamorphism in the sediments above and below it, and the transi-
tion to water-laid sediments of like mineral composition at its top
indicate that it is effusive and not an intruded sheet. In the upper
portion this rhyolite grades into bedded tuff of the same composi-
tion and general appearance and evidently derived from it. The
tuff in places consists of boulders of the quartz-rich rhyolite in a
matrix of quartz and feldspar grains, and except where the distine-
tion between boulders and matrix has been accentuated by weather-
ing the rock can not be distinghished from the underlying rhyolite.
Elsewhere faint banding due to a slight concentration of the quartz
grains, which for the most part are sharp dihexagonal pyramids
and show little or no rounding, indicates the sedimentary nature
of the.rock. The sediments directly overlying the Diamond King
member are composed exclusively of material derived from this lava,
without any admixture of foreign material; therefore the streams
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that deposited them must have been confined to the area covered
by the rhyolitic eruption. Possibly to some extent these sediments
are the result of wave action, where the lava flow entered the lake.
The presence of sandstone directly below the Diamond King rhyolite
and of water-laid beds at places in the Round Rock tuffs shows that
the period of sedimentation began some time earlier. Logically
these sediments should have been included with the overlying Bald
Mountain beds, but the impossibility of making any good separation
in the field rendered it advisable to include them in the Diamond
King member. Moreover, in the central part of the area there ap-
pears to be an upper sheet of very similar rhyolite at a higher
horizon in the lake beds.

The rhyolite and rhyolite-like tuff together have a maximum
thickness of about 800 feet on the southern slopes of Diamond
King Hill. Farther west, however, the thickness is less, and only
about 100 feet of the sedimentary phase alone is present in the north-
west corner of the Manhattan area, in the hill facing Big Smoky
Valley. In the northern part of the Toquima Range and -in the
Toyabe Range rocks similar in character to the Diamond King
rhyolite and in apparently the same stratigraphic position have a
much greater thickness.

The surface on which the Diamond King rocks were laid down ap-
pears to have been rather irregular, owing possibly to erosion of the
Round Rock member before they were deposited or to faulting
prior to the deposition of the Bald Mountain lake beds. The
present altitude of the base of the member ranges from 6,900 feet
on the west to about 8,000 feet in the central part of the area. This
difference can be only in part due to tilting, as the dips are mostly
"to the north. .

The rock is pink or white -and is everywhere notably porphyritic,
the thick studding of little quartz crystals, 2 or 3 millimeters in
diameter, being a characteristic feature. These phenocrysts are
commonly in the form of dihexagonal pyramids, but as in the fresh
rock the crystals tend to break even with the matrix, the crystal
form is most apparent in the derived sediments. Feldspar pheno-
crysts are also prominent. In all the thin sections examined both
orthoclase and oligoclase were found, with orthoclase greatly in
excess. Ferromagnesian minerals are almost entirely lacking; only
a few small plates of biotite were observed. The groundmass
commonly consists of a microcrystalline aggregate of minute inter-
locking grains, apparently quartz and orthoclase with small specks
of magnetite. Only rarely is any flow structure observable. Glass
is likewise very rare. In one specimen showing flow structure
small areas of a minutely crystalline pale-green substance elongate
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parallel to the flow lines are believed to represent original inclu-
sions of clayey matter, smeared out during the viscous flow of the
inclosing rhyolite. In places other foreign inclusions, principally
small slate pebbles, are present: The tuffaceous and sedimentary
phases of the series closely resemble the .rhyolite, and in many
places discrimination is doubtful even w1th the ald  of the
microscope.

The rhyolite and to a less degree the sedlments dlrectly derlved
from it resist erosion and commonly form prominent hills with steep
slopes. As a rule the lower contact is masked by talus slopes of
huge blocks of rhyolite.

BALD MOUNTAIN I.AKE BEDS MEMBER '

The upper paxt of Bald Mounta,m, bo an altitude within about
400 feet of the top, is composed dominantly of fine-grained sediments
closely similar in lithologic character to the Siebert tuff, of .the
Tonopah district, described by Spurr.**: Fine-grained material pre-
dominates. Here and there ripple marks and faint cross-bedding
can be observed in the sandstone. In a few places mud cracks are
discernible in-the fine-grained beds. + The shale includes alternate
thin bands of very fine and slightly coarser material, which suggest
seasonal deposition.

The line between the bedded tuﬁ included in the Diamond King
member and the Bald Mountain sediments is in places very indefi-
nite. As a convenient distinction for field mapping the level at
which the thin-bedded sediments become, dominant has been taken
as the base of the Bald Mountain member. In a few places a fine-
grained conglomerate containing pebbles of Diamond King rhyolite,
together with a smaller number derived from the pre-Tertiary rocks,
marks the base of the member. Elsewhere the fine-grained sandstone
and shale rests directly on the massive rhyolite tuff.

The sequence of sediments appears to have been twice broken by
voleanic activity. In the lower third of the member, in the region
south of Bald Mountain, there appears in places a rhyolitic tuff
closely resembling the tuffaceous rocks of the Round Rock member.
Small outerops and boulder groups of a rock identical in appear-
ance with the Diamond King rhyolite were encountered on the gentle
western slopes of the mountain at an average altitude of 200 feet
above the base of the Bald Mountain beds. The exposures were not
sufficiently good in either locality to determine the thickness, but it
is probable that neither the tuff nor the flow exceeds 50 feet.

Although fine-grained sandstone and shale predominate in the
beds at Manhattan, comparatively coarse material is much more

& Spurr, J. E., Geology and ore deposits of the Tondpah district, Nev.: U. 8. Geol.
Survey Prof. Paper 42, pp. 51-54, 1905.
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abundant than at Tonopah, and the diatomaceous beds present at
Tonopah and Goldfield are lacking at Manhattan.

No fossils were found in these beds within the area mapped in
detail, but about 4} miles northeast of Manhattan small shells were
encountered in fine-grained material forming the matrix of a
granitic conglomerate. William H. Dall examined these shells and
reported as follows:

The matrix is a combination of waterworn quartz grains completely rounded,
with a profusion of unworn sharp particles of quartz sand, cemented by a limy
infiltration. The only organic remains revealed by careful scrutiny are a few

fragments of a species of Limneea resembling- L. pelustris Miiller, which
give no clue to its age. It is obviously a fresh-water deposit.

A short distance from the Belmont road, near the Maris mine,

fragmentary blades of vegetable material resembling coarse grass
were found embedded in the finer-grained shale.

The evidence of the presence of standing fresh water implies a
certain degree of humidity but not necessarily a climate much less
arid than the present. At the top of the Bald Mountain beds a few
feet of coarse fan conglomerate, containing large angular and partly
rounded fragments of the Paleozoic sediments and granitic rocks,
together with finer-grained material derived either directly from
the earlier rhyolites or indirectly through prior deposition in the
lake beds, show a change from lacustrine to terrestial deposition.
Similar fan conglomerates were encountered by Buwalda in his
study of the Esmeralda formation.®*® A small outcrop of granite
near the top of the lake beds in the northeast corner of the Man-
hattan area (Pl I) represents an island buried by the deposition
of the lake beds. Probably in prelacustrine time the granite had
been eroded to a group of sharp pinnacles such as are now common
in the region between Barcelona and Ralston Valley.

The higher parts of the range both north and south of Manhattan
were probably never completely under water during the lacustrine
period, as both the fan conglomerate at the top and those near the
base of the series contain material from the pre-Tertiary rocks.
Tt is thought likely that the basin in which the beds at Manhattan
were deposited was but a small arm of the great Esmeralda Lake,
which in the stage represented by the fan conglomerate at the top
had become a desert valley that was partly filled by the accumulations
from the hills on either side.

The maximum thickness of the Bald Mountain beds, as measured
on the southwest slope of Bald Mountain, is about 500 feet. The
thickness, however, varies greatly from place to place, for the surface
of the Diamond King member, on which it was laid down, is notably

8% Buwalda, J. P., Tertiary mammal beds of Stewart and Ione valleys in west-central
Nevada : California Univ. Dept. Geology Bull,, vol. 8, pp. 335~863, 1914,
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irregil]ar, owing probably both to inequalities of original deposition
and to erosion and possibly to previous faulting, as at Tonopah.?®

QUARTZ LATITE MEMBER.

The period of sedimentation was again succeeded by the out-
pouring of silicic lava, now dominantly pumiceous, rather than
massive and porphyritic like the Diamond King flows. This rock
resembles very closely the Round Rock rhyolite, at the base of the
volcanic series. The only readily noticeable difference is that
whereas the Round Rock rhyolite carries a great number of good-
sized pebbles of slate, schist, and granite, the quartz latite flows
only rarely carry slate pebbles of any size but contain numerous
minute inclusions of uncertain composition, probably originally
mud or soft shale, and small dark specks that represent the greatly
comminuted Paleozoic slate. As in the Round Rock rhyolite, thin
flows of obsidian are present, particularly in the hills east of Bald
Mountain, and the workings of the Buckeye prospect indicate that
the series of flows is broken by small amounts of bedded tuff. In
the Manhattan district this member has a maximum thickness of
more than 700 feet, and an unknown amount has been lost by erosion.
It may be thicker beyond the limits of the Manhattan area, but its
northward extension was not explored. No rock that could be cor-
related with the quartz latite was found elsewhere in the range.

The rock carries comparatively few phenocrysts, and they consist
of very small grains of quartz and feldspar. Plagioclase, commonly
oligoclase, is dominant, and orthoclase rather rare. Small grains of
magnetite are thickly though irregularly disseminated through the
groundmass, and rarely small flakes of biotite can be seen, but the
. rock is deficient in dark minerals. The groundmass ranges from a
dark glass to a minutely polarizing aggregate that apparently con-
sists chiefly of quartz and plagioclase.

MARIS RHYOLITE.

Small dikes and irregular masses of brecciated rhyolite cut the
Round Rock lava and tuff of the Manhattan district. These rocks
crop out in a belt about a mile wide extending northwestward from
the north side of Salisbury Peak to the edge of Big Smoky Valley,
at the point where the Round Mountain road enters the valley.
At the Maris mine rock of identical appearance and mineral compo-
sition is intrusive into the Bald Mountain lake beds, and in the same
series of lake beds on the slopes of Bald Mountain indications of
similar intrusives were found. The rhyolite intrusion at Round

- Spurr, J. E., op. cit., p. 53.
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Mountain, which also cuts lake beds of similar appearance,®” has the
same general mineral composition. The Maris rhyolite is more re-
sistant than the friable Round Rock rhyolite and tuff into which it
is intruded and usually forms small irregular hills. The rock is
fine grained and pale pink to purple. It carries numerous minute
rounded or subangular fragments of rhyolite of the same character
as the matrix. It is probable that this feature is due to autobrecci-
ation and is the result of cooling sufficient to permit partial solidifi-
cation, followed, before cooling had proceeded very far, by renewed
movement and intrusion into the tuffaceous rhyolite.

Many inclusions of the earlier rocks are present in the Maris
rhyolite, though these are less abundant than in the Round Rock
member. Most of them are small fragments of slate and limestone,
but at one place large boulders of granite have been brought up.

Small specks of quartz and feldspar are the only visible minerals
in the rhyolite. Asin the Round Rock rhyolite, both orthoclase and
oligoclase are present. The relative proportions vary greatly, but
in most of the specimens examined orthoclase predominates. The
groundmass may be either glassy or composed of an intimate mixture
of minute crystals of quartz and feldspar or it may consist of a
minutely crystalline or spherulitic mass, broken and cemented by
glass. In one place tridymite was observed in a small cavity in the
glassy rhyolite. Ferromagnesian minerals seem to be completely
lacking, though a few small dikes of biotite-bearing rhyolite were
found in the district. In one place, however, a dike of the biotite-
rich rhyolite cuts the Maris rhyolite.

ANDESITE PORPHYRY.

At some time later than the eruption of the quartz latite, and
probably also later than the intrusion of the Maris rhyolite, came the
intrusion of large masses of andesite porphyry. The rock is coarsely
porphyritic and was classed as diorite porphyry by Emmons and
Garrey.®® Asit is associated entirely with surficial rocks, the equiva-
lent term andesite porphyry is considered more applicable here.
The principal occurrence of the rock in the Manhattan district is in
a large mass that forms the line of sharp hills west of Slaughter-
house Gulch and north of the Belmont road (Pl. IV). This mass
has a width of over 1,000 feet and a length of more than 2 miles.
Besides this single mass there are in the immediate neighborhood
several smaller masses and great numbers of small sills and dikes.
The andesite porphyry is found principally in the vicinity of Bald
Mountain and the hills to the north, but a few small dikes, finer

87 Ferguson, H. G., The Round Mountain district, Nev.: U. 8. Geol. Survey Bull. 725,
p. 388, 1921,
8 Bmnmons, W. H., and Garrey, G. H., U. S. Geol. Survey Bull. 303, p. 87, 1907.
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grained than the larger masses, occur here and there throughout the:
area. :

In the central parts of the large masses the andesite porphyry
commonly shows well-developed columnar structure. Near the con-
tacts it is in places amygdaloidal, the vesicles having been filled with:
chlorite and calcite. The rock minerals show greater alteration than
in the more silicic rocks; the more calcic feldspars have yielded cal-
cite, and the augites both calcite and chlorite. The rock is markedly
porphyritic and shows abundant phenocrysts of white feldspar
against a dark groundmass. Altered augite crystals are also present.
but are less conspicuous. Plagioclase is the only feldspar present
and is more calcic than in the effusive rocks, consisting of andesine,
which in some specimens is close to labradorite in composition. The
groundmass shows a diabasic texture and consists of small rods of
andesine feldspar with interstitial areas of what is probably chlori-
tized augite.

The andesite porphyry bears a close resemblance to the Divide
andesite of the Divide district, 40 miles to the south, described by
Knopf.®®

HORNBLENDE AND BIOTITE ANDESITE PORPHYRY.

Numerous small dikes of hornblende and biotite andesite porphry
occur in the region north and northwest of Black Mammoth Hill.
They cut the Round Rock member and apparently also the Maris
rhyolite, though no clear proof of this could be found. None of
these dikes were found in the area occupied by the upper members
of the volcanic series, but on the other hand pebbles from these
dikes were not found in the conglomerates of the Bald Mountain
lake beds. These dikes are, however, clearly older than the dacite,
next to be described.

These rocks are porhyritic, though finer grained than the andesite
porphyry of Slaughterhouse Gulch and its vicinity. Feldspar is
everywhere prominent and is commonly a rather sodic andesine in
composition. In some of the dikes small phenocrysts of hornblende
occur; in others biotite; in one or two both minerals are present.
The groundmass consists principally of minute feldspar laths of
approximately the sathe composition as the phenocrysts. In some of
the specimens examined a small amount of quartz in the groundmass.
indicates a rock approaching dacite.

It seems reasonable to assume that all types of intrusive rocks
represented in the area were essentially of the same age. Thus as
the Bald Mountain lake beds are without doubt equivalent to the

8 Knopf, Adolph, The Divide silver district, Nev.: U. 8. Geol. Survey Bull. 715, pp.
147-170, 1921.
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Siebert tuff and to part of the Esmeralda formation, the andesitic
intrusive rocks must be at least as young as the upper Miocene.

. DACITE.

The plateau-like hill on the northern border of the Manhattan
area, facing Big Smoky Valley, is composed of massive dacitic
lava, probably a single flow. A short distance to the west are two
small hills composed of rock of the same type. These, however,
may represent intrusive masses. The dacite rests unconformably
on the tilted tuffs of the Diamond King member, on the Round
Rock member, and on small dikes of Maris rhyolite and the biotite
andesite porphyry described above.

It is clearly much the youngest of the volcanic rocks of the district,
for a considerable period of erosion must have intervened after the
intrusion of the andesite and rhyolite dikes before the dacite was
poured out. The flow may even be later than the formation of Big
Smoky Valley, for its position on the eastern flank of the range indi-
cates that the present topographic features may have already been
outlined.

The rock is porphyritic, with numerous but very small crystals of
feldspar, biotite, and minor quartz in a porcelain-like groundmass
showing various shades of gray, green, and purple. The steep
cliffs facing the south exhibit well-marked columnar structure and
consist largely of black obsidian, studded with small crystals of
feldspar. Obsidian also predominates in the upper part of the mesa.
The feldspars range in composition between oligoclase and andesine.
Orthoclase appears to be lacking. Biotite is present in small regular
flakes, usually a little less numerous than the feldspars. Quartz in
small corroded phenocrysts is about equal in amount to the biotite.
The groundmass is glassy and contains numerous rodlike microlites.
Rarely a peculiar mottled polarization is observable.

The dacite appears to extend only a short distance northward be-
yond the area covered by the Manhattan map (Pl I), as it was not
found at North Manhattan Gulch, 3 miles -north of this area.

AGE AND CORRELATION OF THE TERTIARY ROCKS.

The Esmeralda rocks of the Manhattan district from the Hedwig
breccia to the quartz latite strongly suggest deposition within a com-
paratively brief period of time. The eruption of the lower flows of
Round Rock rhyolite must have followed closely upon the deposition
of the loose hillside material that now forms the Hedwig breccia.
The sequence of rhyolite flows and pyroclastic rocks forming the
Round Rock member is broken by sediments of the same type as
occur in the Bald Mountain beds above. In particular, the sandstone
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between the Round Rock rhyolite and the overlying Diamond King
rhyolite exactly resembles the Bald Mountain beds. .
- The Diamond King rhyolite probably represents remnants of a
thick lenticular flow of viscous material, as it occupies only a small
area and is variable in thickness. Although there is no direct evi-
dence, it is thought likely that this flow may have been poured out
beneath the waters of the lake. If it was, the fact that the lower
sedimentary beds resting upon it (and included with it on the geo-
logic map) consist entirely of material derived from the rhyolite,
bouldery at the base and finer grained above, may be due to rework-
ing of the upper part of the flow by the waters of the lake.

The Bald Mountain beds represent lacustrine deposition, probably
almost entirely in shallow water, but at the top they contain a bed
indicative of surface deposition in an arid climate.

The last of the Esmeralda succession, the quartz latite, may mark
either the end of lacustrine deposition or an interval in which lavas
were again erupted.

The close similarity of the Bald Mountain beds to the Siebert tuff
of Tonopah has already been pointed out. Beds of this same type
. extend southward from Tonopah over a great part of the area
covered by Ball’s reconnaissance,”® and to the west and southwest
the Esmeralda formation as mapped by Turner® and Buwalda 2
covers a large area. Ransome *® and Buwalda have shown that there
is no reason to doubt the identity of the two. As the formation is so
widespread, it is reasonable to correlate the lacustrine beds of the
Manhattan area with the Siebert tuff of Tonopah and the Esmeralda
formation of the Silver Peak and Cedar ranges. These formations,
as Merriam ° has shown, are probably of upper Miocene age.

If the correlation of the Bald Mountain lake beds with the Siebert
tuff is valid, it is but a short step to extend the argument and cor-
relate the Round Rock member with the lithologically similar Frac-
tion breccia of Tonopah and Divide. The Diamond King member is
lacking at Tonopah. The older series of flows present in the Tonopah
district are, on the other hand, lacking at Manhattan or buried
beneath the flows of Round Rock rhyolite.

The correlation of the later intrusive rocks with those of the Tono-
pah district is less definite. The Maris rhyolite, however, is strikingly

9 Ball, 8. H., A geologic reconnaissance of southwestern Nevada and eastern California :
U. 8. Geol. Survey Bull. 308, 1907.

9 Turner, H. W., The Esmeralda formation, a fresh-water lake deposit: U. 8. Geol.
Survey Twenty-first Ann. Rept., pt. 2, pp. 191-226, 1900.

92 Buwalda, J. P., Tertiary mammal beds of Stewart and Ione valleys in west-central
Nevada : California Univ. Dept. Geology Bull,, vol. 8, pp. 335-363, 1914,

% Ransome, F. L., Geology and ore deposits of Goldfield, Nev.: U. S. Geol. Survey Prof.
Paper 66, p. 98, 1909.

% Merriam, J. C., Tertiary vertebrate fauna from the Cedar Mountain region of western
Nevada : California Univ. Dept. Geology Bull,, vol. 9, pp. 161-198, 1916.



U. S. GEOLOGICAL SURVEY BULLETIN 723 PLATE III

A. ROUND ROCK, A TYPICAL EROSION FORM OF THE ROUND ROCK BRECCIA.

B. HEDWIG BRECCIA RESTING ON CONTORTED SLATES OF THE TOQUIMA
FORMATION NORTH OF MUSTANG HILL.



U. S. GEOLOGICAL SURVEY BULLETIN 723 PLATE IV

HILLS OF VOLCANICIROCKS NORTH OF BELMONT ROAD,



U. S. GEOLOGICAL SURVEY BULLETIN 723 PLATE V

A. FOLDS IN ZANZIBAR LIMESTONE NEAR TONOPAH ROAD.

B. OLD STOPE OF LITTLE GREY MINE.

Showing the older Pleistocene gravel resting on the Cambrian () schists.



U. S. GEOLOGICAL SURVEY BULLETIN 723 PLATE VI

A. CENTRAL PART OF TOQUIMA RANGE, NEAR THE HEAD OF MEADOW CREEK.

Showing older mature topography.

B. FRONT OF TOYABE RANGE FROM TOQUIMA RANGE

Showing fault-scarp topography.

C. FRONT OF TOQUIMA RANGE.

Looking north from western part of Manhattan district.
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similar to the Oddie rhyolite of Tonopah,”> and the andesite por-
phyry to the Divide andesite of Divide.”* The small hornblende
andesite dikes in the western part of the area presumably belong to
the same intrusive epoch, as they appear to cut the Maris rhyolite.

As the outcrops of the andesite porphyry extend to an altitude
only slightly below the erosion surface on the crest of the range, it
is probable that the intrusion took place prior to this period of ero-
sion. This older topography apparently corresponds with a similar
erosion surface in the southern ranges of Nevada, which is tentatively
assigned by Ball *" to the late Pliocene. Hence the time of intrusion
of both the andesite porphyry and the rhyolite must have been
about the end of the Miocene or the early part of the Pliocene. The
dacite, which owing to its topographic position may be later than the
development of Big Smoky Valley, is therefore probably of very
late Pliocene or early Pleistocene age.

These inferences as to age rest on two assumptions—first, the iden-
tity of the Bald Mountain lake beds with the Siebert tuft of Tonopah
and of the Siebert with the Esmeralda formation, of upper Miocene
age; and, second, the identity of the upland erosion surface with that
in the southern ranges described by Ball and the validity of Ball’s
determination of the age of this surface as late Pliocene.

STRUCTURE.

The structural history of the region begins with a period of in-
tense folding, during which the Paleozoic rocks were compressed into
a series of close folds, in part overturned (Pl V, 4), and a large
overthrust fault was developed. The trend of the axes of the folds
is commonly a few degrees north of west, normal to the present
trend of the Toquima Range. Possibly the normal fault along the
southern border of the Gold Hill formation also dates from this
time. The older sediments may have suffered some deformation
before this final folding, but if so all trace of it has been obliterated.
This folding was complete before the granite reached its present
level, and the intrusion of the granite ¢aused little if any doming of
the sediments, though it may have caused minor normal faulting.
The Tertiary rocks show gentle dips, generally to the north except
in the immediate vicinity of the andesite intrusions, but they are
broken by several large normal faults, most of which appear to be
older than the andesite intrusion, although there was some faulting
later. Faults of presumed late Tertiary age also displaced the pre-
Tertiary rocks.

% Spurr, J. B, op. cit.,, pp. 49-50.

% Knopf, Adolph, op. cit., pp. 155-156.

97 Ball, S. H., A geologic reconnaissance in southwestern Nevada and eastern California:
U. 8. Geol. Survey Bull. 308, pp. 15-17, 190°7.
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The axes of the folds in the Paleozoic sediments trend a few de-
grees north of west, nearly at right angles to the present trend of
the range. The anticlines tend to be steeper or even overturned
along their northern limbs. The principal anticline brings the Gold
Hill rocks to the surface and occupies an irregular line of hills ex-
tending diagonally from the southeastern part of the district mapped
through Black Mammoth and Palo Alto hills to Big Smoky Valley.
" The northern area of Ordovician sediments, on the ridge of which
Salisbury Peak is the highest point, has been interpreted as a series
of close folds of the Zanzibar limestone overturned to the north,
culminating on Salisbury Peak in a great overturned synclinal
fold that brings in the upper division of the Ordovician, the To-
quima formation, apparently dipping beneath the stratigraphically
lower Zanzibar limestone.

Many of the mines of the district occur Wlthm the limestone beds
of the Gold Hill formation. Three of these limestone beds near the
base of this formation and two near its top have been so well ex-
posed by prospect pits that the structure can be determined with
certainty in spite of the complications caused by faulting. Through-
out most of the area, particularly in the eastern part, the Gold Hill
strata dip to the south and southwest. The dips are variable but
generally not steep, and minor overturned folds are less common
than in the Ordovician rocks. A sharp fold in the limestone beds
at the east end of Manhattan, southeast of April Fool Hill, is mapped

~on Plate I, and a smaller closely compressed fold may be seen in
the Big Pine glory hole. West of the town both limbs of the anti-
cline are developed. The crest follows about the line of the gulch,
slightly north of west, from April Fool Hill. Between the eastern
edge of the area mapped and the Belmont road the northern limb
of the anticline is lacking and the Gold Hill rocks are thrust over
the closely folded Mayflower schist and Zanzibar limestone. The
plane of the overthrust where observed in the Zanzibar tunnel and
the 800-foot -level of the White Caps mine has a southerly dip of
about 36°, slightly flatter than the dip of the overlying Gold Hill
beds. No data on the dip of the fault could be obtained between
the White Caps mine and April Fool Hill. The fault plane appears
to strike in a northwesterly direction across Toro Blanco Hill. On
the eastern slope of April Fool Hill the northern contact of the
Gold Hill formation is masked by the Hedwig breccia, but west of the
summit prospect workings show a southerly dip of 75°-80° to the
fault plane between the Gold Hill and the Toquima formation to
the north. The same steep dips characterize the exposures on the
small hill west of April Fool Hill and on Mustang Hill. The fault
plane must therefore be notably undulatory, or perhaps the steeply
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dipping fault on April Fool and Mustang hills is a different fault,
branching off from the overthrust, and the flatter fault is lost under
the breccia and lavas to the north. The fault on Mustang Hill can
not be traced westward, but presumably it turns northward under
the waste-filled valley of Black Mammoth Gulch and is lost under
the lavas. As the top of the Gold Hill formation is likewise con-
cealed by a fault the amount of displacement along the overthrust
is indeterminable, but it is probably a few thousand feet.

The southern border of the Gold Hill formation, at least in the
vicinity of Manhattan, is likewise a fault plane. This part of the
district has not been as well prospected as the region to the north,
and therefore the position and inclination of the fault can not be

well determined. The strike follows approximately that of the Gold
Hill sediments ahd is northwesterly on the ridge south of Black
Mammoth Hill and westerly in the central and eastern parts of the
area. The dip appears to be also closely accordant with that of the
Gold Hill beds. The few observations made show dips of 60°-75°
SW.and S. This fault can not be traced north of Manhattan Gulch
and, like the reverse fault on Mustang Hill, must continue along the
bed of Black Mammoth Gulch, displacing or ‘joining the Mustang
Hill fault. - As this fault so closely follows the strike and dip of
the Gold Hill strata and is displaced by the later faults, which
appear to be, in part at least, connected with the granite intrusion,
it is inferred that this fault resulted from the same movement that
produced the overthrust fault to the north and the major folding in
the sediments.

The Ordovician sediments north of the overthrust and. south of
Salisbury Peak are compressed into a series of close folds that strike
a little north of west and are overturned to the north. The crest of
the ridge, including Salisbury Peak, is occupied by a syncline in
which the lower portion of the Toquima formation is preserved..
The strata on the southern limb are overturned and dip to the south’
and southwest. Just north of the crest of the hill the dips are nearly
. vertical, and on the northern slope they are nearly horizontal. Con-
tact metamorphlsm due to the buried mass of granite to the north
obscures the relations to some extent, and it is not certain how far
the major structure is complicated by smaller folds. To the north-
east the dips are steep, but here also the relations are blurred by
contact metamorphism. The lowest member of the Toquima forma-
tion, the graptolite-bearing schist, is not present on the northeast
limb of this syncline, but at one point north of the sedimentary
series on the eastern border of the area mapped an outcrop of the
Hedwig breccia contains angular fragments of graptolite-bearing
slate. '
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Rocks belonging to the Toquima formation occupy the area north
of the northern fault between Mustang and April Fool hills. The
exposures are not good, and all that can be inferred from the irregu-
lar dips is extremely close folding. The structural relations of the
isolated Permian (%) outcrops to the north are unknown.

The rocks of the Toquima formation south of the area of the
Gold Hill formation lie in a rather flat syncline, complicated by
minor folds that are in places overturned to the north. South of
this a smaller anticline brings the Zanzibar limestone to the surface
near the heads of Mayflower and Old Manhattan gulches. No grap-
tolites were found above the Zanzibar limestone in the small area
along Old Manhattan Gulch, but the rock exposed resembles the
Zanzibar limestone and the inferred structure is in aocord with the
observed dips.

The structure of the southwestern part of the area could not be
worked out in detail. Several minor closely compressed folds were
found, and undoubtedly others are present also. The section drawn
through this region shows an apparently great thickness of rocks

~belonging to the Toquima formation. This, however, is probably in
part due to folds which were not discovered owing to the lack of
definite beds that could be traced and the paucity of good outcrops
over a part of this region.

No evidence that would assist in dating this period of foldmg is
obtainable in the Manhattan district or the neighboring portions of
the Toquima Range. However, as the movements that produced
similar folding in the Sierra Nevada probably took place at the end
of the Jurassic period, it is reasonable to assume an equivalent age
{for the principal folding at Manhattan. This assumption does not
exclude the probability of minor movements in Paleozoic time, for
if, as appears to be the case, the Permian (?) sandstone here rests
unconformably on the Ordovician there may have been a certain
amount of uplift and tilting prior to its deposition.

Although the granitic intrusion in the vicinity of Manhattan
caused widespread changes in the chemical and mineral composition
of the invaded sédiments, it effected little change in the preexisting
structure, for the intrusive mass cuts sharply across the folds with-
out any apparent doming or distortion of the beds. The reconnais-
sance of the Toquima Range as far as Belmont (fig. 2) likewise gave
no evidence of any doming by the intrusion. The freedom of the
granite from schistosity or even notable shearing is evidence that
the intense folding of the sediments had been completed before its
intrusion. Certain normal faults in the productive part of the Man-
hattan district appear, however, to have been initiated by the granite
intrusion. The evidence for faulting at this period is of a mineralogic
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nature and is presented in the descriptions of the ore deposits (pp-.
82-85, 113). Such faulting as may have taken place in connection
with the granite intrusion appears to have been of a very minor
nature and had no effect on the major structural relations of the
rocks of the Manhattan district.

. The bedded Tertiary rocks show for the most part very gentle
northerly dips. Here and there close to the intrusive masses or near
the major faults the dips are steep and vary in direction, but on
the whole a slight northerly dip prevails throughout the area covered
by the Tertiary rocks. -

The normal faults throughout the area, with the exceptions de-
scribed above, seem to be all of late Tertiary age. Two periods are
represented—one, in which the movements were probably the more
pronounced, prior to the intrusion of the andesite porphyry but
involving all the members of the Esmeralda formation, and the other
later than the intrusion of the porphyry. Three prominent faults
cut the Tertiary rocks on the hill southwest of Bald Mountain.
They are roughly parallel and strike about north-northwest, and
the downthrow in each case is on the southwest side. The total
maximum vertical displacement exceeds 400 feet. Although these
faults are traceable to points within a mile of the older sediments
to the south, their continuation can not be found in the older rocks.
A fourth fault in the Tertiary rocks follows the line of Slaughter-
house Gulch northward across the saddle west of Bald Mountain.
This fault seems to be clearly older than the andesite porphyry,
for small masses of the intrusive rock cross the strike of the fault
plane. This fault is less well defined than the other three, and the
position of the fault plane is for the most part concealed by talus on
the steep slopes. The fault seems to have a maximum displacement
of about 400 feet, with a downthrow on the west, but like the others
it can not be traced southward into the sediments.

A group of three east-west faults are still more obscure but are in-
dicated by the different levels of the contacts of the upper members of
the Esmeralda formation in the vicinity of Bald Mountain. The
northernmost of these faults appears to cross the summit just west of
Bald Mountain, where the lower contact of the quartz latite is dropped
down about 800 feet on the south side. It doesnot cross the Slaughter-
house Gulch fault, for the same contact on Bald Mountain is not dis-
placed, nor does it appear to reach the northwesterly fault on the west.
As a small mass of andesite porphyry occupies the position of the fault
plane to the west this fault probably had its inception prior to the
andesite intrusion, but the workings of the Buckeye prospect show that
there was also faulting in the same general direction which has in-
volved the intrusive rock. A second parallel fault crosses the saddle
south of Bald Mountain. This lies east of the Slaughterhouse Gulch
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fault and can not be traced beyond it. A short distance to the east a
mass of andesite porphyry crosses the projected strike of the fault.
The downthrow is to the south and on the saddle can not exceed 200
feet, though possibly it is greater farther east. The presence of a third
fault in the same general direction is implied by the repetition of
-the contact of the Round Rock and Diamond King members of the
Esmeralda formation north of the main mass of andesite porphyry
-on the high ridge a mile south of Bald Mountain. This fault seems
to have been the principal site of the andesite intrusion, and the
difference in altitude of the upper contact of the Round Rock tuffs
implies that it had a downthrow to the south of about 200 feet.

The different levels of the upper contact of the Round Rock tuffs
in the northwestern part of the area north of Black Mammoth Hill
suggested the possibility of a northeasterly fault with a considerable
~downthrow to the. southwest.. No direct evidence of faulting or
.shearing could be obtained, however, although the Round Rock
tuffs are well exposed in the gulch to the south along the supposed
line of faulting. It was therefore considered more likely that the
‘discordance in the contact represents an irregularity in the topog-
raphy prior to the outflow of the Diamond King rhyolite. If such
a fault exists it must be older than the intrusive Maris rhyolite,
for the contact of Maris rhyohte and Round Rock tuffs, onlv a
short distance to the south, is-not displaced.

In a few places the contact between the Paleozoic sediments and
the Tertiary rocks to the north may be a fault plane. Garrey and
Emmons * mention one such contact, and here and there in the
district others were found by the writer. Such faulting can not
have been very marked, however; for over most of the distance the
contact 1s irregular in detail, and even where it is approximately
-straight, as in the stretch northwestward from Black Mammoth
Hill, the presence of the Hedwig breccia on the north implies that
the faulting can not have “been of any great magnitude.

The older sedimentary rocks are everywhere cut by normal faults
of comparatively small throw. In almost every prospect pit and
tunnel throughout the area there is some evidence of faulting. Only
'such of these faults as displace mapped contacts to a notable extent
are shown on the larger geologic map. On the smaller map of the
productive part of the district an attempt has been made to show
the faults in more detail, but even here it is impossible to map them
accurately, as will be seen by the detailed map of the White Caps
property on page 83 and the underground maps on pages 85, 86, and
91. Although it was impossible to trace more than one of these faults
in the Tertiary rocks to the north, they are, with the exception of the

8 TJ, 8. Geol. Survey Bull. 303, p. 88,'1907. )
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-very minor - displacements of possibly earlier date, regarded as of
late Tertiary age—either contemporaneous with the larger preandes-
itic faults described above or representatives of the later period of
.minor postandesitic faulting. The evidence for this conclusion is
largely indirect. Although only one fault was traced directly from the
older sediments into the volcanic rocks, numerous prospect pits in the
volcanic rocks show shear zones and faults that follow the trend of
.the faults in the sediments to the south, and as the contacts north
of the region of intense faulting are largely concealed by talus from
the ridge to the south it is quite likely that undiscovered displace-
ments of the contacts exist. These faults cut sharply across the
-folds of the older rocks and displace the older faults as well, and
hence they are clearly later than the period of folding and over-
thrusting. Mineralogic evidence connected with the ore deposition
likewise points to a Tertiary age for these faults.

In the eastern part of the area, eastward from Gold Hill, the
dominant trend of these small faults is northeasterly, though sub-
ordinate faults of varying strike are present. In the western part
northwesterly faults prevail. The faults appear to be much more
closely spaced in the productive part of the district, particularly
along Litigation Hill eastward to the White Caps mine. This closer
-spacing probably exists, but it is necessarily exaggerated on the map,
for the numerous surface workings greatly facilitated the geologic
mapping in this part of the district.

The straight east front of the Toyabe Range indicates a recent
fault of considerable magnitude along the west side of Big Smoky
Valley. On the Toquima Range there is no comparable scarp.

DEVELOPMENT OF THE PRESENT TOPOGRAPHY.

The Quaternary history of the region, leading to the development
of the present topography, has a direct bearing on the economic
geology of the Manhattan district, with reference not only to the
formation of the placer deposits but also to problems concerning the
oxidation and redeposition of certain minerals of the lode deposits.

K

OLD EROSION SURFACE.

The recent lavas found elsewhere in the Great Basin are not
prominent in the Toquima Range, and except for the comparatively
minor dacite flow there appears to have been no volcanic activity
since late Miocene or early Pliocene time.

In probably late Pliocene time a. postmature topography was
characteristic of a large portion .of the Basin Range province. The
old surface of this time is not preserved in the Manhattan district,
though the high ridge that includes Bald Mountain and Buckeye
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Hill reaches nearly to its level, but it may be seen in the higher part
of the range on the divide between Jefferson and Meadow creeks,
15 miles to the northeast (Pl. VI, 4). Here the crest of the range
shows rolling upland country surmounted in places by granite peaks.
Ball®® mentions the existence of similar old topographic forms on
the Kawich, Belted, Amargosa, and Panamint ranges, to the south.
Meinzer* found a similar mature topography on the Toyabe Range.
Buwalda? found an early old-age topography on Cedar Mountain.
As this older erosion surface extends over so large an area and occurs
at different altitudes on different ranges it follows that the present
mountain ranges must be of later date. Ball considers this mature
surface to be of late Pliocene age, as it is later than the early Pliocene
“Jater rhyolite” and older than the later tuffs and older alluvium
that mark the transition from Pliocene to Pleistocene. If his infer-
ence is correct, at least the major part of the mountain-building
movements that produced the present ranges must have been confined
to the end of the Pliocene and the early part of the Pleistocene, for
at the period marked by the Pleistocene lakes a topography approach-
ing that of the present day had been attained.

BLOCK FAULTING.

The east face of the Toyabe Range, on the opposite side of Big
Smoky Valley, presonts a well-marked fault scarp. Long spurs,
which slope gently down from the crest, are sharply truncated and
present steep triangular facets toward the valley. The headwaters
and upper reaches of the streams are wide and open, whereas at the
‘mouths the streams flow through steep, narrow canyons. The front
of the range follows a broadly sinuous rather than a straight line,
but in the 30 miles shown on the topographic map of the Tonopah
quadrangle it varies less than a mile to either side of a north-south
line. Faulting has continued until recent time, for Meinzer ® reports
that fault scarps cut the alluvial fans at the mouths of the canyons.

The Toquima Range, however, presents a different appearance.
On the west side of the range the rock shelf that borders the moun-
tains deepens gradually westward beneath the valley wash. More-
over, the boundary between gravel and rock outcrop is irregular,
and the gravel at the edges is clearly only a thin veneer resting on a
planed-off rock surface. KEastward from the valley, toward the
mountains, however, this rock surface ends rather abruptly against

% Ball, S. H., A geologic reconnaissance in southwestern Nevada and eastern California:
U. 8. Geol. Survey Bull. 308, pp. 16-17, 119, 161, 202, 1907.

1 Meinzer, 0. BE., Ground water in Big Smoky Valley, Nev.: U. S. Geol. Survey Water-
Supply Paper 375, p. 90, 1915,

32 Buwalda, J. P., Tertiary mammal beds in west-central Nevada: California. Univ.
Dept. Geology Bull,, vol. 8, pp. 358-359, 1914,

3 Meinzer, 0. B, op. cit, p. 91.
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irregular ridges, the outliers of the main mountain mass. There is
a notable lack of gradation between the gently sloping rock bench
and the hills. Here and there the bench cut in rock is lacking, and
prominent hills, such. as Round Mountain, rise directly from the-
valley fill. The larger stream valleys are filled with gravel in their
lower courses, but the streams are still eroding their headwaters
and eating back into the small area along the crest of the range
that still preserves the postmature surface of the earlier cycle.

Certain physiographic features, however, suggest the possibility
of some recent movement of the mountain mass relative to the valleys
bordering its sides. The eastern flank of the range was not studied
in detail, but it is here that the evidence of movement seems to be
the clearest. Although the divide follows nearly the median line
of the range the canyons of the eastern streams are distinctly nar-
rower than those on the west. Meadow Creek rises in the maturz
upland south of Mount Jefferson and flows southeastward through
a gradually narrowing valley until at its mouth it is inclosed in
vertical walls of rhyolitic agglomerate. Therc is no flaring of the
valley at the mouth, and the stream enters Monitor Valley over a
broad, flat alluvial fan directly from the canyon. Apparently no
difference in resistance to erosion of the rocks can explain this abnor-
mality, for in its upper reaches the country rock is a dense rhyolite,
whereas in the canyon it is largely a coarse rhyolitic agglomerate,
which should be the more easily eroded of the two. East Man-
hattan Gulch also trends southeastward from the low divide east of
Manhattan to Ralston Valley, and, though without permanent sur-
face flow, it exhibits the same inversion of normal conditions which
characterizes the Meadow Creek valley. Near East Manhattan
there is a wide gravel-filled valley cut mamly in Round Rock tuff
" and the underlying Hedwig breccia but in part in the harder
quartzite and schist of the older sediments. Toward the southeast
the valley sides steepen until for a mile above its mouth the gulch
is a deep, narrow canyon with walls of schist and jaspery limestone.
No trace of any fault scarp remains, although for a few miles north
of Belmont a line of rhyolite cliffs, broken by Meadow Creek canyon,
faces the valley. Southeastward from Belmont, however, a branch
range connects the Toquima Range with its eastern neighbor, the
- Monitor Range, separating Monitor and Ralston valleys. It is not
known whether the eastern face of the Monitor Range shows a recent
fault scarp.

The evidence as ‘to the west flank of the Toquima Range is less
clear, though there are certain features that seem to imply some rela-
tive downward movement of Big Smoky Valley in the vicinity of
Manhattan Gulch, presumably by faumlting. The western limit of
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exposed rock, although less sharply defined than in the Toyabe
Range, nevertheless follows a fairly straight line. Had the develop-
ment of the range been entirely the result of erosion the boundary
between rock and valley fill should be far more irregular, and where
a belt of easily eroded rock, such as the Round Rock tuff north of
Manhattan Gulch, crosses the range a much deeper reentrant of val-
ley fill would be expected than is actually present.

The buried canyon of Manhattan Gulch is likewise deeper where
1t passes beneath the valley fill than near its head, and, so far as can
‘be determmed the walls are as steep.

MANHATTAN GULCH DRAINAGE AREA. !

The present drainage area of Manhattan Gulch extends westward
from a point on the Belmont road three-quarters of a mile west of
Fast Manhattan to Big Smoky Valley, a distance of about 6 miles.
The drainage area is asymmetric, and ‘in the western part the divide
is much nearer the gulch on the north than on the south side. The
divide forming the eastern boundary follows a nearly straight line
from Bald Mountain south to Summit Hill. The divide on the north
side is about 2 miles north of the gulch in the extreme eastern part,
but it turns sharply southward, crosses the belt of soft rhyolite tuff
rear the head of Black Mammoth Gulch, and for the remainder of
the distance parallels the course of Manhattan Gulch at a distance of
half to three-quarters of a mile to the north. On the south side
‘Timber Hill, a high ridge composed of metamorphic slate and a little
granite, forms the divide, which follows a nearly straight westerly
course about 2 miles south of Manhattan Gulch. It seems probable
that the diversion of a part of the former drainage on the north side
of the gulch westward to Big Smoky Valley has been effected through
the gradual disintegration of the belt of soft rhyolite tuff that crosdes -
the head of Black Mammoth Gulch and the transportation of the
disintegrated material by occasional floods, rather than through nor-
mal stream erosion. Less evaporation on the north side of the hills
to the south of the gulch than on the southward-facing hills to the -
north may also have been a factor. It is likewise possible that the
drainage area of the gulch also once extended farther eastward and
has been reduced by the headward erosion of East Manhattan Gulch.

In the southeastern part of the area covered by the detailed map a.
portion of the stream that once flowed in the comparatively broad
valley cut in the Mayflower schist along the Tonopah road may have
been captured by the stream that now flows southward through the
granite-walled canyon south of Pipe Spring.

The deeper gravel of Manhattan Gulch shows near bedrock more
pebbles derived from the sediments than from the lavas, a relation
which is reversed nearer the surface, and this change in the charac-
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ter of the gravel, together with the presence of numerous well-
rounded granite pebbles in the lower gravel, lends probability to
the hypothesis that the stream formerly had a greater extension in
the region covered by the granite and older sediments.

The course of Manhattan Gulch is inherited from an earlier phy-
siographic cycle, for it is completely independent of the structure
of the rocks across which it is cut, although most of the tributary
gulches are more or less adjusted to the structure. The easily eroded
rhyolitic tuff forms a lowland belt extending from east to northwest
across the area but is nowhere occupied by a stream valley, whereas
Manhattan Gulch over the greater part of its course is inclosed in
walls of metamorphic sediments whose strike is transverse to-the
gulch. Presumably at its inception Manhattan Gulch was cut in
these tuffs, which then extended farther southward. Its course
may have been determined by the southern limit of these tuffs, for,
as has been shown in a previous section, the overlying Bald Moun-
tain beds did not completely cover the Paleozoic sediments.

The depth of gravel filling varies in the northern and southern
tributaries of Manhattan Gulch. On the north side the gulch re-
ceives two important tributaries—Slaughterhouse Gulch, which en-
ters near the north end, and Black Mammoth Gulch, which enters be-
tween Black Mammoth and Mustang hills. Both gulches drain terri-
tory covered by volcanic rocks, and in both prospect shafts show a
deep filling of gravel. On the south side several gulches, of which
the largest are Consolidated, Dublin, Big Pine, Auction, and Old
Manhattan gulches and an unnamed gulch in the extreme west, drain
into the main valley. These gulches for the most part have a north-

th the strike of the seilin
None of them contain nearly as much gravel as the northern trlbu-
taries, although all except the two westernmost are filled with gravel
for a short distance back from their mouths.

It is conceivable that this difference may be to some extent due to
recent northward tilt. That such tilting has taken place since later
Miocene time is shown in the northward dips that are common in
the Bald Mountain beds. On the other hand, the southward-flowing
streams, in the period when erosion was at its height, easily cut their
valleys down to grade across the belt of soft rhyolitic tuff, whereas
those on the south, which flowed across rocks of more equal resist-
ance, maintained a generally more even grade throughout. If any
tilting occurred it must have been prior to the formation of the
Pleistocene lakes or confined to the immediate vicinity, for, accord-
ing to Meinzer,* the old shore lines of Lake Toyabe, 15 mlles to the
north, are still horizontal.

¢ Meinzer, O. E., op. cit,, p. 30.
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PLEISTOCENE GRAVELS AND CANYON CUTTING.

. Manbattan Gulch shows traces of several different stages of erosion.
The oldest stream deposits occur only in the patches of older gravel
here and there along the valley sides. This gravel is coarse. Most
of the pebbles are rounded to subangular and about 4 to 8 inches in
greatest diameter, though there are a few boulders of larger size.
Fine clay and sandy material serves as a cement, but only in one
place was a distinct bed of sand or fine gravel seen. The best
exposures were found in the upper part of the gulch, particularly
in the north face of Gold Hill, the upper level of the Little Grey
mine (Pl V, B), and the ridge back of the transformer house, 800
feet southeast of the Manhattan Ore & Milling Co.’s mill. At the
last-named locality the gravel consists of 2 to 3 feet of hard cemented

material, containing’ many boulders, particularly of the resistant

Diamond King rhyolite. Between this hard material and bedrock
is 10 to 15 feet of loose sand and fine gravel. The coarse gravel is
so well cemented as to require the use of a pick in mining, but the
underlying sand is unconsolidated. A small area of coarse rounded
gravel near the eastern edge of the area mapped on Plate I probably
does not belong to the Manhattan Gulch drainage.

The deep gravel of the gulch has been explored by placer mining,
which is carried on from shafts sunk to bedrock. The depth of the
old channel and the character of the material resting on bedrock
are therefore easily ascertained. The upper part of the material
that fills the gulch could not be so well studied, as nearly all the
shafts are of necessity closely timbered. The deepest channel lies at
depths of 40 to more than 100 feet below the present surface of
the gulch. Several benches at higher altitudes represent stages in
the erosion of the canyon, but the outer walls are everywhere steep.
The old Wolfe Tone shaft, for instance, reaches bedrock at a depth
of 70 feet not more than 50 feet from the rock outcrops on the end
of Wolfe Tone Point, and at the “ Narrows,” below the Happy Day
claim, the slope to the deep channel appears to be even steeper.
It is believed that the average angle of rock slope toward the bottom
of the gulch is at least 45°. In some places the rock benches are
sharply defined, but elsewhere they grade into one another and into
the deep channel. The grade between bench and deep channel is
not as steep as that from the canyon wall to the bench and probably
does not exceed 30°. The benches are not continuous., In places
two well-defined sets are present; elsewhere they appear to be lack-
ing. The accompanying sketch map and ‘sections (fig. 4) show
the relation of the deep channels and benches at a mine in the
lower part of the gulch.

”
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N

The average grade of the present surface of the gulch, between
the town of Manhattan and the Japan claim, is 3} per cent, but the
grade is slightly steeper in the eastern and flatter in the western
part. The average grade of the bedrock channel is slightly greater,
as is shown by the fact that the westernmost shafts are the deepest.

.

2

N

A A’
& chg;‘)r(wel Present surf3g
moar Wet
“Bedra channe
B B

i ch%rny nel dg ;<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>