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BASIN-RANGE FAULTING OF 1915 I'
PLEASANT VALLEY, NEVADA

BEN M. PAGE )
Stanford Usiiversity, California

ABSTRACT ‘
‘Fault scarps of at least three ‘ages are found on the eastern side of Ple
Nevada. Of these, the most recont were formed in 1913,
along the western base of the Sonoma Range. Two fault blocks rose relative to the

adjacent valley, producing low scarps at the foot of the mountains. The movement
was a dip-slip displacement on normal faults which trend north and northeast.

! asant Valley,
when a displacement occurrad

. . -INTRODUCTION" ,

The Pleasant Valley earthquake of October 2, 1915, received much

attention both because it was of major intensity and because it .re-

sulted from displacements which reached the surface of the carth.

"Somec of these displacements were mapped by the author and arc the

-principal subject of this. article. They had previously been described

in part by the late Dr. J. C. Jones' and by S. L. Berry,* and have
been alluded to by many others. B

- PLEASANT VALLEY AND THE SOUTHERN SONOMA RANGE

Pleasant Valley is in Pershing County; north-central Nevada,
and is best reached by a road which proceeds southward from
Winnemucca. The valley is an elongated, north’south depression be-

" tween - the Sonoma 'Range (on the east) and the East Range, its
dimensions being roughly 5X235 miles. The valley floor, which is
estimated to be about 4,300 feet above sea level, is in part a playa.
F'rom this flat area, overlapping alluvial fans rise gradually to the
bases of the mountain ranges on either side; at their juncture with
the Sonoma Range aré the recent fault scarps described below. The

alluvium diminishes in thickness at the south end of Pleasant Valley
and.gives way to a pediment cut in tilted Tertiary rocks of volcanic,
fluviatile, and lacustrine origin. - _

*J. C. Jones, “The Pleasant Valley, Nevada, Earihquake of October 2, 1913,” Selsm.
Yoc. Amer. Bull. 5 (1913), pp. 190-205. :

*S. L. Berry, “An Farthquake in Nevada.” ining Sci. Press, Vol. CXIII (1916),
P 52-53. . - . e
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BASIN-RANGE FAULTING OF 1915 IN NEVADA ogr

The general iregion is characterized by fairly youthful basins zlllnd
ranges. The portion of the East Range ad]acenF to Pleasant Valley

Fic. 1.—~Sketch map of Nevada

" presents a somewhat subdivided lava cap which slopes gently cast-

ward and perhaps extends beneath the valley sediments. Th_e nearby
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- is shown"in Figure 2.
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Stillwater Range to the south has a steep -and impressive eastern
" escarpment, while the western slope is comparatively gentle. The

Star Peak Range, to the west, has a western escarpment and a
faulted bajada at the north end. The Humboldt Lake Range, about
45 miles to the west of Pleasant Valley, has pronounced fa‘lu.lt-block
‘characteristics.* To the east, the Battle Mountain Range is in topo-

- graphic accord with the foregoing examples. All of these ranges show

escarpments, which, although not so youthful as many others in the

Basin-Range province (notably those in southern Oregon), are

nevertheless not extensively embayed by erosion.

The Sonoma Range! itself is similar to its neighbors in many re- .

spects. Like most of the nearby ranges, it consists of several parts

_that are distinct both structurally and physiographically.-Only .

the southern portion is treated here. This portion is composed pri‘n—
cipally of two fault blocks, which in this paper are designated as the

“Tobin block” and the “Pearce block.” Their -rela_tion to each othcr»

, _ THE TOBIN BLOCK :
The Tobin block is a high north-south ridge kabout 9 miles Ion.g
and 4 miles wide, attaining an elevation of 9,779 feet at the summit:

-of=Mount Tobin. It is partly made up of pre-Tertiary rocks, the .

age of which is unknown. These rocks include quartzites, phyllites,

grits, lihestone, and shale.. The sedimentary beds are considerably

. folded’ and are locally intruded by dikes of andesite and rhyolite.
"No lava¥cap exists on the Tobin block. _ . .
The horst nature of the block is indicated topographically (Fig. 2).

The Pleasant Valley side and the Buffalo Valley side are both erodud

o . o
escarpments that consist partly of alined facets sloping about 26°.

The Tobin block has been dissected to maturity. The canyons, -

“which are youthful, terminate in V-shaped mouths, emptying out
upon fans which locally slope as much as 7° but which arer'nost;ly less
steep. On the western side of the block the juncturc of mountain and

fan is at a very high level (Fig. 2). The western fans are incised by

3G. D. Loud‘erback, “Basin Range Structure of the Humboldt Region,” Geol. Sec.

Amer. Bull. 15 (1904), pp- 289-346.

+The Sonoma Range is designated by King as the “Havallah R.zinge” (C. King.

U.S. Geol. Explor. 401l Parallel, Vols. T and II [1878)).
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gullies 50 or 6o feet deep which are continuations of the canyons in
the mountains. Possibly fault movements have been smaller or less
frequent than formerly and the fans are doomed to complete dissec-
tion. On the other hand, it is possible that the margin of the valley

s clinging to the rising' mountains and that elastic rebound may
eventually restore it to its original position. . ' o

" The fault which bounds the Tobin block on the west is (in this _
paper) called the “Tobin fault.” It was active, in part, at the time

of the Pleasant Valley earthquake of 1913.

F16. 2.—The southern part of the Sonoma Range. This shows the Tobin block and
-an end view of the low Pearce block. At the base of each is a fault scarp of 1913 origin,
‘too distant to be visible. The fresh scarp of the Pearce block would appear as a point
..at the foot of the slope at the right-hand edge of the picture, as it proceeds directly
“away from the observer; o . S -

THE PEARCE BLOCK .
The Pearce block is a low, wide fault block adjoining the Tobin
. block on the south and southwest (Fig. 2). It trends about N. 2c° E.
and is over 20 miles long and 5 miles wide. Parts of it consist of
rocks similar to those of Mount Tobin. Other parts are folded
Mesozoic marine quartzites and dolomites which are overlain un-
_conformably by a thick Tertiary (presumably) volcanic series in-
cluding rhyolite, andesite, and basalt, together with agglomerates
~and tuffs. A volcanic neck is exposed at the ‘mountain front just
. north of Pearce’s ranch. o ' '
- -The Tertiary volcanic rocks do not occur as a continuous cap,
- but for the most part dip castward in a serics of hogbacks and
Cuestas. They are locally repeated by faulting. Either these rocks
" are part of an anticlinal limb or they have been tilted by faulting -

- parallel to the trend of the range; their strike is roughly that of the
. Imountains. ' : '



094 : BEN M. PAGE

In the Pearce block a few of the canyons which empty into Pleas-
ant Valley contain small aggraded flood plains in their lower courses.

These plains have been trenched, owing. to the 1915 rejuvenation.

One or two sets of terraces are discernible above the last plains,
‘'suggesting earlier rejuvenations of the same order of magnitude a3
the movement of 19135: : , V
" The western side of the Pearce block is an escarpment similar )
that of the ‘Tobin block, except that facets make up more of the
mountain front. Flanking this escarpment are alluvial fans which
are riot deeply cut by gullies except where headward erosion has pro-

. ceeded from a rather recent cany on drammg Pleasant Valley to the .

south.
The eastern-side of the block does not resemble the western side,
as the mountains slope down to a dissected pediment in Jerscy

Valley. The pediment is cut in Tertiary rocks which are partly -
tuffaceous shales in lacustrine beds. The absénce of fans and fault- =

scarp features indicates that the Pearce block is being tilted cast-
ward, the Pleasant Valley side being the (relatively) rising portion.
‘The fault bordering the Pearce block on the west was active at

the time of the Pleasant Valley earthquake it is here called the

“Pearce fault.”

THE OLDER FAULT SCARPS OF PLEASANT VALLEY

Fault scarps of at least three ages are situated on the eastern side -

of Pleasant Valley near or at the juncture with the Sonoma Range.
* The oldest scarps include much of the front of the southern
Sonoma Range: the western sides of the Tobin block, the Pearce
block, and a southern continuation of the latter, which is offsct a

mile or two to the east. The last-mentioned scarp was not aug- -

mented by the uplift of 19135, but the other two rise above fresh
. scarps which resulted from that movement. The older scarps mostly
consist of large facets which are separated by V canyon mouths.
The facets were not observed to -slope more than 30°, even at the
base, which in most cases is steeper than the upper portions. Thuy
do not extend entirely to the crest of the mountains. They arc
alined, but in an irregular rather than a straight line. In a few
places the alinement is broken by small salients which arc step
blocks (Fig. 5).
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More recent than the oldcst scarps are a few 1ow .escarpments in
the bajadas and pediments at the north and south ends of Pleasant
* Valléy—Thesé féatures trend roughly parallel to- the Sonoma Range,
but lie a mile or so to the west of the mountains.. For the most part
they do not exceed 20 fect in height, and now appear as gentle
slopes. There is somc similarity to shore lines, but the fans are
transected rather than contoured. (No shore lines of Pleistocene
lakes were observed in Pleasant Valley.) In a few places the fan
scarps and pediment scarps have been slightly augmented by dis-
‘placements of 1913. These scarps on the whole cannot be considered
as old as much of the mountain front, as they consist of alluvium and
" must therefore be comparatively short- llved

THE SCARPS OF 1915

The fault scarps of 19135 are the most notable oeologlcal featurc
. of the region. Only the scarps of Pleasant Valley are here described;

it mporaneous displacements occurred in Pumpernickle Val-
RL -branch of the Sonoma Range to the northeast, and in the
S Range to the south These locahtles have not yet been
. f ,-uuxcd .

~The course of the fresh ,scarps.f-The course of the fresh scarps in
Pleasant Valley is shown on the accompanying map (Fig. 3). There
are two main scarps, belonging to the Tobin fault and the Pearce '
fault respectively, and they will be designated by the names of
'these faults. They closely follow the older escarpments formmg the
mountain front. -~

The Tobin scarp does not occupy the entire length of the Tobin
fault. At the south end of this fault, where the two fault blocks
join, the Tobin scarp dies.out while the fault continues. The north- -
ern extremity of the Tobin fault was likewise inactive in 191s.

Near the northern end of the active portion, another small scarp of.
. 1915 parallels the Tobin scarp, following one of the older scarplets _
in the bajada. _ : : :

The Pearce scarp, on the other hand, oecuples the entire length
- of the Pearce fault. Near the south end of Pleasant Valley the
~ Sqnoma Range is shiarply offsct a mile or so to the east. The Pearce
" scarp does not follow the offset, but continues southwest along a
“low eroded scarp. in the pediment for 2 miles before coming to an
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% . é ‘end. The pediment here is also the site of other small scarps of 1915
17 origin, these being independent of the Pearce scarp. :
§%  The Tobin scarp is oriented nearly north and south, while th
3 % Pearce scarp trends about N. 20° E. As shown on' the map, they

are far from straight, making several large deviations-and innumer-
able small ones of the order of 50 feet or so. As the scarps do not
consistently deviate cither upstream or downstream where canyons

‘are crossed, their relation to the topdgraphy does not reveal the dip
of the faults. _ —— : o

: MAP OF THE o - - F16. 4.—The Pearce scarp. Thisfresh sc'ar‘p (appearing as a white line in the picture)
’ ' = was formed'in 1913 at the foot of the older, eroded fault scarp which coristitutes the
I 9’ S5 FAULT SCARP S mountain front. - . ’

PLEASANT VALLEY, NEV

The Tobin scarp rises gradually toward -the south, while the

" Pearce scarp maintains a more nearly constant elevation. Both sink
" abruptly where canyons and gullies are crossed, and in some other
situations climb a short distance above the foot of the mountain.

- The two main scarps are almost continuous, though interrupted
in a few places. Also, each has locally small branches and short
‘parallel scarps which are prominent where the rock is very weak, as
in the neighborhood of an inactive transverse fault (Fig. 5).
 Dimensions.—The Tobin scarp is 4.6 miles long and varies in
height from o to about 1o feet, dying out gradually at both ends.

o 7 © LEGEND : :
5 SCare e | wEsOZOIC, ROCKS m
/’NAC’IVE FauLr . YEﬁYIAF); VOLCANIC ROCKS
DRAINAGE QUATERNARY ALLUVIUM

SCALE IN_MILES
- 3

o Py

Fic. 3.—Map of the 1915 fault scarps
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On the bajada at the north end of Pleasant Valley, the fresh fan
scarp is from o to 3 feet high. ' :

The Pearcec scarp is 16.7"milgs- long and ranges up to 16 fect in
height near the middle of its length. On the pediment at the south
éndﬁof’PIcasant Valley, the Pearce scarp is from o to s feet high
and the smaller ones attain 4 feet or less. :

‘As a group the 1915 scarps in Pleasant Valley arc 21.3 miles long,
disregarding curves; yet the variation in" height is only 16 fect
throughout a distance of 112,644 feet (a variation of 1 in 7,040).

-

¥16..5.—The ‘Pearce scarp, showing its behavior where an inactive transverse fault
is transected. Note also the two step blocks at the right. :

The height of the scarps at any one point is not a true measurc of
the fault displacement because the scarps are stécper than the
faults; as will-be explained below. , :
. Other features of the fresh scarps.—The fresh scarps are mostly
vertical, or nearly so, though in places eighteen years of erosion have
somewhat modified the original steepness. The fault surfaces arc
rarcly seen because, for the most part, only alluvium is exposed. This
alluvium, clinging to the fault surfaces, has produced the vertical
escarpments, masking the true fault dip and permitting a superficial
branching of the scarps. (Figs. 6 and 7). . '
Slickensided dolomite is exposed by the Pearce scarp at one place

Pearce’s ranch. No bedrock is exposed. (

southern end of Pleasant Valley,
surface is shown (Tig. :

- BASIN-RANGE FAULTING OF>1915 IN NEVADA 699

> and shows the fault dip to be 49°W. at that point ('Fig.. 8).. At an-

other place, where the same fault traverses the.pediment at the

F1c. 6.—Close-up of the Pearce scarp, showing its composition and its height near

The stadia rod is 12 feet long.)

. the actual caliche-covered fault
9) and here dips from 75° to 81° W. Elsewhere
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the true dip‘ can be ascertained only where canyons cross the scarps
and reveal the true fault profiles (Fig. 10).

Near several of the canyons the fault scarps are accompanied by
a trench, perhaps 10 feet wide and 1o feet deep (Fig. 11), which lies

at their foot. This feature is due to the fact that the footwall carried -

adhering alluvium relatively eastward as well as upward (Fig. 7).

BEDROQK

o]

- BEDROCK

I",li

" F16. 7—~Relation of fresh scarp to the fault surface

In-most places no single trench follows the scarps, but at the base of
the latter the ground appears to have been. torn up by an immense
plow. In other places alluvium has settled into miniature grabens
adjacent to the scarps. These features originated in about the same
manner as the “plowed” areas. :

Many different kinds of rock were cut by the faults. For the most
part the behavior of the latter was not greatly affected by the type
of rock at any one point, although the scarps are subdivided most
where the material is weakest. In two places the Pearce séarp
swings about 1,000 fect to the west in a broad arc, then returns to its

BASIN-RANGE FAULTING OF 1915 IN NEVADA 701

fgf)rmer c01‘1rse. The northernmost arc of this sort is'a mile or so north
of Pearce’s ranch. Here a Tertiary volcanic neck, which is harder

F1&. 8.—Fault surface dipping 49° W.

_ In this one instance bed}ock consti “the
S e dl] onst
Pearce scarp. The rock is slickensided dol oretitutes the

omite, covered with caliche.

than the adjacent rock, makes up the m'ountainb_front and may be
supposed to have deflected the course of the fault. However, the
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F1c. 9g.—The Pearce scarp in alluvium. at the south end of Pleasant Valley. The .

caliche-covered fault surface, exposed by the rgr3 displacement, dips 75°-8:° W,

[ BEDROCK

A OO or CARRIONN

F16, 10.—~Cross section of the Pearce fault and fresh scarp. Fault and scarp are
shown in profile at the mouth of a canyon that was deepened artificially after the uphit
of 1915,

BASIN-RANGE EAULLING-Ur 1900 10 Sesaes
- southernmost of the two great deviations is situated in dolomite
- which extends well beyond the “deflected” portion of the fault.
Thus in this sccond instance, at least, the strength of the surface
rock does not account for deviation in the _cours'e of the fault.

THE NATURE OF THE FAULTING

Figures 11 and 13 supply some evidence as to the nature of the
-,1913 movement. The dlsplaccment wasin a dlrectlon parallel to the

Fio. 11 —Gap between the Tobin scarp and alluvial fan. The footwall carried some
" adhering alluvium upward and to the left (east) leaving a gap between it and the fan
(nght) :

dip of the faults; which are normal. In other words, the components
5" were vertical and about cast-west. The former was between o and
15 feet; the latter between o and 13 feet. Assuming a uniform fault
:dlp of 6c° and an average throw of 1o feet, the average heave would
e 5.7 feet. This figure is probably fairly representative.
.. Did the mountains rise or the valley sink? The answer is largely
E ‘s’é,speculatwe as there were no benchmarks-here in 1915. The elastic
-rebound theory leads one to suspect that at the time of the earth-
quake the margins of both the mountain and valley blocks sprang -
into comparative equilibrium, one upward and the other downward.
Mr. W. L. Pearce, whose ranch is alongside the Pearce fault, ob-
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COMPARATIVE DISPLACEMENTS
Within historical times two somewhat similar dislocations are
known to have occurred in North America. In 1872 scarps were
formed at the eastern base of the Sierra Nevada and the Alabama
‘Hills in Owens Valley, California.5 This movement, however, had a

\vhé:eas pre\}iously it had run swiftly toward the bottom of the
valley. This may indicate a change in slope due either to elastic re-

. TABLE I
Maximum | Maximum
- . Vertical- | Horizontal
Location . Date Displace- Displace-
ment | ment
) in Feet in Feet
VAssam, India®. . .............. . 1897 . 35 - o 4
+»Owens Valley, Californiat......... . 1872 - 23 12
“8an Andreas fault, Callforn1a+ ..... " 1906 3 21
Mino-Owari, ]apan§ .............. 1891 . 20 13
Sonora, Mexicol].~............... 1887 . 20 o?
——Pleasant Valley, Nevada. ......... 1915 16 N ¢
Wellington, New Zealand‘,f . 1855 . 9 o?
; . : Honshu, Japan**. ... .. ... N R 21 6 R
F1é. 12.—Pearce scarp at the base of a volcanic neck Bedrock is not e\iposed here /Formosa Japantt.. . ... Leeeeoof . 1906 6 8
- on thé scarp, contrary to appearance. Baluchistantt.... . ... . 1892 o? 2}

* R.-D. Oldham, “Report on the Great Earthquake of 12th of June 18g7,” Mem Geol.
Surv. India, Vol. X‘{I\ (1899), pp. 1-379.

tW. H. Hobbs, “The Earthquake of 1872 in the Owens Va]ley, California,” Beitr.
Geophysik, Band X (1910), p. 379.

1 A. C. Lawson ef al., ‘“The California Earthquake of Apfil 18, 1906,” Repl. of State
Earthquake Investigation Comrm::mn ‘Carnegie Inst. Wash. Publ. 37 (1909-1910). .

§ B. Koto, “On the Cause of the Great Earthquake in Central Japan, x891,” Jour.
College Sei. ., Tokyo Imper. Univ., Vol. V (1892), pp. 205-353.

il G. F. Goodiellow, “The Sonora Earthquake,” Science, 0.S., Vol. X1 (1888), pp. 162—

1, 9 C. Lyell, Principles of Geology (x1thed.; New York: D. Appleton & Co., 1892), Vol.
pp. 82-89. .

** A W. Grabau, 4 Comprelzenswz Geology {New York D. C. Heath & Co., 1920),
Part I, General (‘colog) pp.- 664-88

tt W. H. Hobbs, Earthquakés (\e\v York: D. Appleton & Co., 1907), pp. 66-67.

11 C. L. Griesbach, “Notes on the Earthquake in Baluchistan on the 20th of December,
1892, Rec. Geol: Surv. India, Vol. XXVI (1893}, pp. 57-63.

- 68.

. large - strike- slip component and ‘somewhat resembled that which

“produced the Cedar Mountain earthquake® of 1932 in Nevada. In
1887 a displacement left a long escarpment on one or both sides of
. the San Bernardino Mountains in Sonora, Mexico.”

s W. H. Hobbs, “The Earthquake of 1872 in the Owens Valley, Cahforma ” Beitr.
- Geophysik, Vol. X (1910), p. 379.

» 8V. P. Gianella and E. Callaghan, “The Earthquake of December zo, 1932, at
Ccdar Mountain, Nevada, and Its Bearing on the Gene5|s of Basin Range Structure,”
“Jour. Geol., Vol. XLII (1934) pp- 1—22.

1G. F. Goodfellow “The Sonora Earthquake,” Sc:ence 0.S., Vol. XI (1888), pPp.
162-68.

F16. 13.—The Pearce scarp, showing its form at a gully. The equally broad sides of
- the V indicate that practically no displacement occurred parallel to the strike of the
fault when the scarp was formed. :

-bound ortoa settling of the alluvium next to the fault. A long-con-
tinued, slow movement probably led up to the displacement of 1913,
but its character is unknown.
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For comparative purposes, the Pleasant Valley movement g
placed among a list of some of the most notable recent. dis.
placements that have appcared as such at the earths surface
(Table I).

A number of other slips are known to have had dlsplaccmcm\

 similar in magnitude to those listed in the table. In addition there

have been large changes of level which may or may not have in-

“volved the: formation of definite scarps. For instance, ‘Chil¢,
- Jamaica, Italy, and notably Alaska® have suffered sudden and loca)

changes in level which seem to imply the existence of unseen scarps.
However a few sudden displacements have been known to produce

rising and sinking of the ground without scarps, even when the -

magnitude .of the changes was zo-30 fect, as in the Mississippi

" Valley at the time of the New Madnd earthquake (181 1.2

CO‘\ICLUSIO\ S

The following are somc of the more 1mp0rtant facts conncctul

with the’ Basm Range faultmg of 1915

The vsouthern Sonoma Range in the locahty studled con51sts"

of two adjacent fault blocks:
2. These two blocks could easily have been récognized as such

) :;ﬂ,»;prlor to; 1913, thus proving the validity of conventional fault scarp.
*criteria. :

b

3. The facets of the mountain. front mostly slope less than

30°. i A : o .
4. At t}%}e western base of each block is an irregular normal fault,
dipping more steeply than the facets (41°-81°).

5. On October 2, 1913, the two marginal faults suffered a dip-slip
displacement. There was no appreciable strike-slip component.

6. The two blocks behaved more or less as a unit during this
recent mavement.

7. Fresh fault scarps appeared at the 1mmed1ate _base of the
mountains.

#R. S. Tarr and L. Martin, “The Earthquakes at Yukatat Bay, Alaska, in Sep-
tember, 1809, U.S. Geal. Sure. Prof. Paper 6g (1912), pp. 1-135.

» M. L. Fuller, “The New Madr:d Earthquake,” U.S. Geol. Surv. .Bull 404 (1912)

pp I-11Q9.
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1 \ICKEL DEPOSITS IN COTTONWOOD CAN-

YON, CHURCHILL COUNTY, NEVADA
By H. G. Frrersox

ABSTRACT
Nickel and cobalt deposits, formerly productive, occur in Cot-
‘sonwood Canyon at the northern end of the Stillwater Range.
& A large mass of diorite, with acc'ompanying smaller masses and
- dikes of aplite, has intruded into and altered sedimentary and -
2 3 owrl}'ing voleanic rocks. The nickel and cobalt -minerals occur

Co(tonwood«r |
Canyon
W/

sn small fissures in the altered rocks. Near Corral Canyon, five
¥ miles south of Cottonwood Canyon, veins and. lenses of gold- -’
! bearing quartz are associated with altered aplitic dikes that con-

| t1ain anatase (octahedrite). As little could be seen of the old
i workings of the nickel deposits, no definite opinion can be offered

E as 1o possible future production, but the ore-bearing fissures are

E smuli und discontinuous and there is little ore in sight. - The

B titanium-bearing dikes do not contain a sufficiently high content

i of Ti0. to warrant exploitation at present. The gold-quartz

wveins, on the other hand are being developed with encouragmg

mult\ SRR -

INTRODUCTION

During the summer of 1938, a short visit was paid to the nickel
and cubalt occurrences in Cottonwood Canyon, Churchill County,-
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Neviida (see Figure 1).7 The work was done, under grant from
the !'uhlic'\\.’_orks Administration, as part of a general investiga-
Uon o :tritegic minerals: In the study of the geology, to which
four duvs were devoted, the writer was assisted by A. E. Granger
2sd George P. Sopp.  The work 1ncluded a brief visit to the
tHaninm wnd gold dep051ts near Corral Canyon, ﬁve mlles south
ef Cottonwoond Canyon. .

The topographic. and geologic map (Figure 2) is controlled by
pots fixed by a plane-table traverse made by R. M. Dreyer,

®ik the assistance of George P. Sopp and Craig Moore. The

'FIGURE 1.

. =s 50 s 10O MILES

‘Index map showing the locatxon of Cottonwood Canyo
Churc}un County, Nevada.

writer is indebted to Mr. C. S. Ross for study of the rock and
: awrrnl specimens collected and to R. C.Wells and J. G.’ Fairchild

‘N'-n Bl by
. bermission of the Dll('((()l (.colnwu.nl Survey, United b\‘:lteb
Bovartaad of (i Interior.
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 is o ), fe that the nickel and cobalt mines dcwnhod in this x('pmt are,

Pariowithin Pershing County,
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far ldentlﬁcatlon of the ore mme1als and analyses of the ore of . ’
=§ e nickel mine.

1 , LOCATI_ON
“The nickel and cobalt mines of Cottonwood Canyon are in the
zable Mountain district, also known as the Cottonwood or Boyer
striet, which occupies part of the Stillwater Range in Churchill
¥ .»d Pershing (formerly a part of Humboldt) Counties. Accord-
~¢ to Lincoln,® the district contains a wide variety of mineral
sposits, including nickel, cobalt, copper, silver, lead, gold, kaolin,
i shale, and gypsum. Except, however, for the gold and
nium depOSltS near- Corral Canyon, discovered since the pub-
veation of Lincoln’s compilation, the present investigation was -
snfined to the nickel and cobalt deposits of Cottonwood Canyon.
Cntto_nwood Canyon, in the northern part of Churchill County, -
ests the steep, eastern flank of the Stillwater Range.” The mouth .
{ the canyon can ‘be reached by automobile over roads that are
zassable in good weather, either by a route about 55 miles in
:§i=ncthy through Dixie Valley from Highway U S 50 or one about

70 miles southward from Winnemucca on U 8 40, through Grass
and Pleasant Valleys. In the fall of 1938 work was planned
@0 a road to connect the two east-west highways through
ixie, leasant, and Grass Valleys. Completion of this road will
;,in-ndm the district much more easily accessible. There ‘was
g iormerly a road up the canyon to the mines, but it has been com-
g sietely washed out and the mines at ‘present can be reached only

=0 foot through the steep-walled canyon. :

The Stillwater Range and its northern contmuatlon the East
Hangé, rise abruptly from the valley in a steep, eastward-facmg
#=arp: “Two or 8 miles north of the mouth of Cottonwood Can-
Fen, the horizontal distance between the 4,000- and 7,000-foot -
entours ix less than ‘14 miles, as shown in the southern-most
Zart of the topographic map of ‘the Sonoma Range quadrangle.
Cattonwood Creek flows through a narrow box canyon, crossmg_
;&3 Nd}:u that borders.the front of the range. Near the mines,

vor 3 miles back from the front of the range, the canyon is -
§ h wider, and west of ‘the Lovelock mine it becomes a shallow

valicy cut only slightly below a broad bench that has an altitude
“f' &bm:t 5500 feet. This bench is apparently about coincident
‘?““ the position of the contact of the older rocks and overlying
ertiary lavas. To the west ‘these lavas, which form the. crest
ot the range, nse to an altitude of about 7, 500 feet. :

R -
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_ geology of the district.

hundred feet.

“a considerable part of the rock has been’ replaced by platy he
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PREVIOUS WORK :
Cottonwood Canyon lies within the area covered by the
of the Fortieth Parallel survey, but it is doubtful whether%

~ ‘geologists of this survey actually visited the locality. The nlckg

and cobalt deposits, as well as the copper deposits near the c*fg‘
of the range south of the canyon, were visited by Ransomé?;:

1908. The present writer can add little to Ransome’s descrrp’m*
The map of the area around the two mmes"’a‘?’m
“the notes on the recently discovered gold and titanium deposxts
LE Lower Triassic age in the Sonoma Range quadrangle.

of the deposits.®

X ad

near Corral Canyon are the principal new contributions t
writer, has been described by Carpenter.®

earlier publications.

GEOLOGY

COTTONWOOD CANYON

ROCK FORMATIONS
The rocks of the area studied include highly altered %edl
tary and volcanic rocks cut by a large mass of diorite and
aplltlc dikes, all of which are now highly altered.
The oldest rocks in the vicinity of the nickel deposits are

¢m‘,%

The. total thickness is uncertam but probably is not over

Overlying the sedlmentary rocks is a con51de1 able th1ckne
altered volcanic flows, with smaller amounts of agglomerate
obscurely bedded tuff. "The flows were probably of and
composition originally, but are now- so highly altered th

greenstone. Little remains of their original texture. Over “s
of the area, paltlculal ly near the two mines shown in Flgu &

tite. - In part, this hematite is hydrated fo a brown iron mg

form bold ecr aggy outer ops

Innsume I L \nt(\s on - some mnlm,. (ll\(n(\s in llmnbuldt
Nevada:  Geol. Sirvey Bull. 414, . D008, 04—-(»(,, 71, 1909,

*Carpenter. A, I, Boyer copper ‘deposits,. Nevada: Mining and - SCI
I'ress, vol, 103, pp. S04, 805, 1911,

‘Lincoln, . C., op. ¢it., pp. 11-13.

The copper deposit, not visited by%ﬁyi
Lincoln’s compllatlmz ;
_gives notes on mining dev elopments and a concise summary 4

E diorite.
3 and is probably continuous with that at the titanium prospects”
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The age of these volcanic rocks is unknown; they bear a cer-

txin resemblance to interbedded sedimentary and volcanic rocks

of Permian age in the north part of the Sonoma Range quad-
rangle.  (Recent areal studies in'the Sonoma Range quadrangle .
wupyrest that these rocks may be of Pennsylvanian rather than

permian age.) Less metamorphosed sedimentary rocks, also cut

v diorite, crop out at the mouth of the canyon, about 2 miles
wutheast of the Nickel mine. These include limestone, slate, and -
f..n;lomelate and bear some resemblance to rocks of known _

Diorite is the principal rock of the area. The canyorl for the
2 miles between the Nickel mine and the range front is cut in
The same mass extends southward along the range front

cear Corral Canyon, 5 miles south of Cottonwood Canyon. Dio- .
rite also cuts the sedimentary and voleanic rocks north of the -
lovelock mine. The diorite varies greatly in texture and compo-

b sition, but is, in general, coarse- to medium-grained. Plagioclase,
§ auyite. hornblende, and biotite are present in varying amounts,
8 with sphene,. magnetite, and apatite as primary accessories.” All
Set : ,
mentary and consist chxeﬁy of quartmte, but they also i ;‘i The feldspars are everywhere partly sericitized.
“altered limestone, in part silicified, together with a white cl@ k

like rock, that may be either bleached chert or silicified’ llmesto dinozaisite, chlorite, quartz, and calcite.

i 3

g eriginal rock by albite accompanied or followed by ca1c1te seri-

of the rock examined in thin sections by Mr.-Ross was altered.
Other sec-
endary minerals include dickite (one of the kaolin m1nerals),
Replacement of plagio-
clase by albite is also common, and near some of the aplite dikes
there appears to have been nearly complete replacement of the

cite, qu irtz, and dickite.
: t the margins of the diorite mass there are small d1kes of
a hm -#rained, white feldspathic rock (aplite). These crop out

s within the diori i i dimen
seems preferable to describe them by the noncommittal term 3 "ximd;: dtl(()nz;e rgass tand are in contact with the sedimentary
‘ s clos e diorite
} eanics in the central part of the mapped area nor in the main
e mass of diorite in the lower part of Cottonwood Canyon.

¢ thally, the aplite is a-fine- grained aggregate of feldspar and a

E Little qu:
Elsewhere, as on the ridge north of the two' mines, they, ‘harg duartz.

" been impregnated with fine-grained silica and the 51llc1ﬁed“_

None was found. in the altered vol-.
Essen-

In one of the specimens examined by Mr. Ross the .-

b {eldspar proved to be a mixture of oligoclase and microcline; in

fiﬂ the others exammed albite is the only feldspar present. In -
ot ()f 1

o e specimens examined additional later minerals include
“k“e quartz, calcite, sericite, and anatase. The anatase where

’_ﬁ’ﬂ(m is in extremely small crystals, so well scattered through '
f e rock th

at Ransome, who did not see the much more altered
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I‘IGURE 3. -A View of Nickel mine from veast' Foreground - consxsts? g

diorite cut by aplite dikes. The workings are in the more resxs_
altered sedimentary rock west of ‘the fault shown in Figure'2. B.
of Lovelock mine from south. In foreground is gfeenétone. -High
~ to south consists of quartzite. L
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dikes of the Corral Canyon area (pp. 1a, 16), considered it an
original mineral® The chemical analysis given by Ransome’
shows only 0.97 percent TiO,. In a dike near the Nickel mine,
nowever, anatase apparently replacmg sphene was found com-

pletely enclosed in calcite.
'STRUCTURE

The altered volcamc rocks, cut by the diorite, lie in a synclme,

1 bordered on the west, north, and east by the altered sedimentary

rocks. Their southward extension is unknown, but apparently
the\' crop out on the high ridge that separates Cojctonwood_ Can-
von from the next canyon to the south. .
There are two faults of northerly trend, both w1th downthrow
on the west, in the eastern part of the mapped area. The west-
ern fault cuts off the mineral- bearing fissures of the Nickel mine

E and probably branches out from the eastern fault in the valley

northeast of the mine.. Its dip averages about 45° to the. west.
The castern fault also has a westerly dip, but is steeper and

~probably everywhere dips over 60°. Over most of its course

within the mapped area, it is traceable only as a shear zone in
the diorite, but on the north bank of Cottonwood Creek it forms
the boundary between a downfaulted roof pendant of quartzite -
and the main mass of the diorite. The amount of displacement
along these faults is not measurable, but may amount to. several
hundred- feet, for the greenstone crops out only in the area west

cf the western fault

A fault ‘that is the apparent continuation of that crossmg
Cottonwood Canyon displaces middle or late Tertiary bedded .
tuffs® a'short distance north of the area mapped. Therefore, it
is probable that the faults within the district ‘may also be of late

Tertiary age.

Probable faults of smaller throw, inferred from the nature
of the contacts rather than from direct observation, form the
boundaries between the sedimentary and volcanic rocks at one
place north of the Nickel mine and between the sediments- and

“diorite at one place northwest of the Lovelock mine. The shaft .

of the Lovelock mine is along a fault that separates heavﬂy
h«:m.mtl/ed greenstone from less altered rock.

NICKEL AND COBALT DEPOSITS
~\ccm ding to Lincoln,” the nickel and cobalt deposms of Cotton-

~wood C anyon were dlscovered by George Lovelock and’ Charles

. !d’l.'uwn'm F. 1... Notes on some albitite dikes in Nevada: W ashington Acad.
.‘Jnux vel 1, pp. 134-118, 1911, .
Muller. 8W personal connuunication.

Lineoin, 1. ¢ . op. cit. p. 11,
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. tion. Apparently the larger part of the earlier production Wwa

_says that the mine is reported to have shipped a total of abom

’ _the ore, but little or no production was made

-Lovelock mine the stringers cut highly altered greenston E

12 ' Nzckel De’posu&s in Cottomaood Canyon '

Bell about 1882." Production began shortly afterwards, and
early volumes of “Mineral Resources” contain notes on prod

derived from the Lovelock mine and continued until about 188&
According to “Mineral Resources”:* “Since the first openmgof
the mines in 1883 about 200 tons were shlpped for 1educt10n&u
England, of which 90 tons were shipped during 1885. * g

The general average of the 200 tons shipped to England was s
to have been 12 percent nickel and 14 percent cobalt.”

RE

Ransogne

500 tons of high- grade nickel-cobalt ore. The miné was 1eope2%u i
about 1898 by an English company and an attempt made to smeh

The ore depOSIts of the Nickel mine were pr obably dlscovereﬂ
at about the same time as the Lovelock mine, but, so far?as
known, less work has been done on this deposit. Accordmg‘t( "
Ransome'® the principal period of activity was between 1882 ;
and 1890, and at least one car of ore, w1th a content of 26 per :
cent nickel, was shipped to Camden, N. J. The mine Was
reopened in 1904 and -an attempt made to leach the ore Wl L B
sulphuric acid.. A small smelter was also built, but the prog%g ,
tion was very small, probably not over 50 tons of matte, accord ;
ing to Ransome.” The mine has been idle since 1907. 93
the patented ‘claims covering the proper ty were purchased
tax sale by the present owners.

As far as could be observed, the nickel and nickel- cobalt
of the two mines occur as small discontinuous stringers thal
the rocks immediately surroundmg the diorite. These strin;
are composed essentially of ore minerals and iron oxide

very little quartz. At the Nickel mine such stringers cﬁ% .
- highly altered rock that was probably an aplite dike ongm

.Ayﬁ
and also cut the adjoining altered sedimentary rocks; ;. W]
stringers of this type were found within the diorite, tho
veins of white quartz cut the diorite and have been prosp
in places, apparently without success.

Although the type of mmelahzatlon seems to have be

ers varies greatly in the dlﬁerent mines and prospects A?

*Mincral Re &mll(c\ of the United States 1n1 1885, . ,1;1 1886,
- "Ransome, 17 L._. op. cit., p. DS,
*Ransome, 17, L., op. cit, po O

‘_‘Itnnsomc. I I‘.. op. cit., ».o12

the niccolite and appai"ently the annabergite also.
§ zode of occurrence is presumably supergene, .but the total sec-
sndary enrichment thus. indicated is negligible.
§ ire not abundant and include limonite, quartz, and dickite. The

In 193,!~ .
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vickel mine the ore minerals pr esent are combinations of nickel,
.rsenic, iron and sulphur:

The nickel minerals present in the stringers are almost com-
sietely oxidized and consist principally of the hydrous nickel”

Lrsenate, annabergite, the sulphate, morenosite, possible gar-

-ierite, and an unidentified bright-green nickel-bearing mineral.
sylphide present in one of the stringers was identified by C. F.

E ik as do‘minantly niccolite, which, however, by its crystal form,

sppears to have replaced millerite. Millerite occurs in part as
rare residual grains within the niccolite and in part as thread-
ike veinlets, probably accompanied by a little marcasite, that cut
The second

‘Gangue minerals -

iullowing analysis by R. C.- Wells of -a sample cut from a 4-inch
stringer at the end of the prmc1pal stope, indicates the composi-
son of the purest ore obtainable : ) .
- Analysis of Nickel Ore -
o (R. C. WEeLLs, Analyst) =~
Determined

_ Calcuiated
SO S 1478

‘ 10242 . 9519
Mr. Wells comments on the analysis as follows:
"~ “The caleulated ¢omposition shown is based on subtraction of

{‘Vumul umstxtuents in the following order and percentages:

_ . Percent

W l“l soluble As, 00 e e 407

© Waterioluble morenosite, \JSO TH,O. 5.33
Millorite, N3§ o TR R 482
Antibersite, NigAs,00.8H,0 oo 46.50
\I‘U-llh \1 S S04
“folarite, NIAS, oo e 6.54

e
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~lation would have resulted in more annabergite and less of thh B"SCCiat?d N
- last two arsenides, bringing the summation closer to 100. Wate 4

~ percent nickel expressed as metallic nickel.”

" ent in dark-brown seams and black patches.”” The approxi
‘metal content of the material, according to Mr. Falrchlldp

~ cent nickel.

Nickel Deposits in Cottonwood Canyon 15

“From the summation of the calculated percentages it. app :
that the reduction has been too great. This might be expla
in part by the presence of garnierite, which was not allowed fnz'
or by a partial dehydration of the hydrated minerals previoust:
analy51s. If the proportion of water had been. higher, the caf%

1§ a flat fissure with a dip of about 20° to the southwest.. This has
been followed along the strike for about 100 feet and stoped
over about one-half this distance. Probably this stringer yielded
a relatively large amount of nickel, in spite of its small length,

&
it chert

was determined by the Penﬁeld tube, using sodium tungsta
a retainer of the arsenic and sulphur. The ore carried 23

Smallﬂssur

ﬁreccaated
WINZE TG0 600

quartzite

. uartz vein 7 -

) _ y
o . . \ Fissures with 7 .
Blocked . - ) nickel ore 7 .

Dip 20" SW
Blocked 7/

The low iron content shown by this analysis is not represen
tive of the- depos1ts as a whole. A Most of the stringers shoy
abundant brown iron oxide with, here and there, green streale
indicating the presence of nickel, whereas others show only hmg,
nite and a little quartz. i

In the greenstone area between the ‘Nickel and Lovelock mma
in the prospects on the hill west of the Lovelock mine the fi
of the small fissures is predominantly iron oxide, with, herean;
there, a little green copper sulphate and carbonate, but no n
minerals.

At the Lovelock mine the mlneral composmon is more
plex; ores of copper, cobalt, and arsenic are all presen

Dip 45° sw

Altered lime -

stone small 4

mineralized /X
fissures //o

according to reports, nickel ore was mined as well. Accor N x."’< )

‘to Ransome,'? “The minerals ‘recognized are tetrahedrite, ¢ el )\ _ 6‘9(;9 ,:oQ

rite (cobalt bloom) -azurite, and green crusts that, accordmg¢ &‘;2\ ,"Qo_ .

Mr. Schaller, contain copper and nickel arsenates-and sulpha b? Q& x o° \"’.

and consequently may be a mixture of annabergite and br" a&-o 4/? \9<

tite.” Specimens from .a small pile of picked ore at the_ » _/;+‘ ©

of a tunnel leading to the open stope of the Lovelock mine 6‘2(

from stringers on the walls of the stope were examined by’ v

F airchild, of the Geological Survey. He reports as follow ) » : : . ;
basic sulphate of copper, resembling brochantite, is the abun L- L 'o,o 2?0 Fe .et_

green mineral. Cobalt bloom, or erythrite, was 1dent1ﬁed_ch
cally 'in two specimens. No nickel mineral was identified
light- -green mineral is also a basic sulphate of copper with.

arsenic, possibly chalcophyllite. An oxide of manganese 1s; VIOURE 4. ’\Iap of a portion of the workings of the Nlckel mine, based on

2 pace and compass survey. Relative pos1t10ns of the different work-
- -ings are approxxmate only '

‘@T’ {B(_ 82 ump]e t

i aken from a 4-inch vein. of green materlal left
né end of the stope assayed 23.3 percent nickel. Nearby, in
same tunnel, a strmger with a northerly trend and a westerly

iﬁ of 60% to 70° has been followed for about 80 feet, and has
" toped fm about 30 feet.

percent copper 1 percent arsemc, 1 percent cobalt and 0 6

No consistent orientation of the miner ahzed fractures s
ent. In the Nickel mine (Figure 4) the 1)1mc1pal stopes are

Rmsome ‘F. L » OD.- ‘eit., p. oS
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. zone is west of the shaft and at greater depth than present work g
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Bl

by

Similar discontinuity of fissuring was observed in the prospe
between the Nickel and Lovelock mines and in the workings soujf}
of the creek. The workings of the Lovelock mine were inacceéfi:
ble, but according to Ransome,’® “comprise a labyrinth of sup@
ficial burrowings by which miners have followed or sought W
the small erratic veinlets of ore, and a precariou_s shaft thatffl.
attempt was made to explore.” A stope about 50 feet by 20 feg}
open at the surface, trends N. 75° W., but, as far as (;o'uld';:"
observed, the stringers remaining on the walls have 1o cénsistﬁ
direction. : — '

ML

about 60 or 70 feet above. , o B

The _inacceésibility of the workings of the Lovelock rhinev p
vents any speculation as to the possibility ‘of renewed producfiﬁ
from this mine. . According to Ransome, considerable work_‘};‘;:
been done in the 100-foot zone above water level, both in follff%» §
ing the mineralized fissures and in searching for others. Apf)'f; :

tunnels and inclines are east of the main shaft, and that att@
shaft itself there was a steep fault with northerly strike whick

It is possible, therefore, that here 35
downthrow on the west, and that the extension of the producf'“g{

ings have reached, : o SR 4

The ore deposit of the Nickel mine (Figure 4), on the otha §
hand, occurs within a downfaulted segment of a mineralized a’;lf_
the eastern portion of which has been eroded. The major pr

duction seems to have been derived from a gently-dippfﬁ% ;

stringer, which has been stoped above the upper tunnel and§

possibly also between the upper and lower tunnels. ]

however, extend to the lower tunnel 60 or 70 feet below. Simit§
larly, the steep‘ly‘-dippin'_gfstringer to the north, on which th; i 3
has been some stoping, was not cut in the lower level unless:

It does ﬁﬁ

- “Ransome, I, L., op. cit., p. b8,

Nickel Deposits in Cottonwood Canyon ey

the inaccessible cross-cut north of the diorite'. TheI~ ell‘iirel’o}z\l;;);.
duction apparently came from the upper workings. hn .eli 'ﬁed
runnel, near the face of the gas@ern branch_, the lstl .c1. ¢
simestone close to the intrusive diorite west of the fau is'c

:)\' small iron-stained fissures, which, here and there, contain a

iittle green stain, probably due to nickel. Elsewhere the accessi-

ble workings of this level are completely ’barrer‘l.' .Alt}}ough Stlc.h )
-‘\-ork' as has been done on this level seems to eliminate the possi-
t‘)ilitv of any lai‘ge body of ore,‘it is not unlikely that other small

£ Lickel-bearing stringers may be encountered on this level below
3 2 i B . ) i R ) ) v
g the productive zone in thé upper workings.

Should further work be undertaken, the area east of the lower .

itk iunnel should be explored as far as the fault, as tv'he upper work- -
., ings indicate that the stringers, though not continuous, may be

‘® rich in nickel. » n o ‘
I k operators when they started the east branch at the nqlthex 1‘1 el_ld
1 of the lower tunnel. ’

This may have been the intention of the last-

It is not known how much work was done below the lowm‘
“tunnel. There are several winzes in the northern part of the
lower tunnel, and the shaft also extends below the tunnyel level,
but these deeper workings were not accessible.v. Np fL‘lrther deep
“work would appear justified without better indications at the .

1§ level of the lower tunnel than now appear. - :

It is believed that the fault is post-mineral an‘d that .the'o're
ceposition was pre-Tertiary. If so, no exploration is justified

1 ‘alongr the fault itself. This belief is based on the apparent late
- . separates the _highly_ altered and miheralized greenstone frorﬁ_jgg
- altered rock on the west. BE

"at the Nickel mine, there has been post-mineral faulting withf

Tertiary age of the fault, as shown by its inferred northerly -

extension also by the complete lack of primary mineral deposits

along the fault itself in the vicinity of the mine, both at the s'ur- v
fuce and in the small tunnel along the fault. North of t.he rfnpe, :
however, there are small prospect pits along-the fault in which

' the fault gouge contains a little limonite and faint green’ stains,

which may be due to either nickel or copper. These may bfe the |
result of supergene deposition, which is shown in the mine itself

: . » . - M - " 14
% by the presence of secondary millerite and marcasite. Ransome,

however, points out that, as copper ores occur iq the Ter_tiary
tuffs near the crest of the range south of the canyon, a Tertiary

I age of these deposits cannot be excluded. As will be-shown below, - -

“this suggéstion appears to be un'likély, but there.rema-ir'ls the :
possibility that the association of the nickel-bearing stringers -

; @i!h_ the fault is not fortuitous.. If the ores are of Teﬁiary age,

© MRansone, 1L op. it pp. f»S, 1.
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_ been so mtenswely prospected as to eliminate the poss1b1htyf~

eyt

", and petrologic determinations of material collected.

ing Cottonwood Creek between the two mines, but in those thai{
. were accessible there was nothing seen to indicate the hkellh%
of any mineral depOSlt of commercial promise. Most of- thee |

‘crest of the steep ridge about half a mile northwest of the Ni
. are in the sedlmentary rocks at the diorite contact, the ﬁssﬁ%‘
> sufficiently well defined to encourage plospectmg are all Wxthm

% the greenstone and the great maJorlty of them are in the portlﬂ!!"
" of the greenstone that shows replacement by hematlte '

~ the mouth of Cottonwood Canyon. No attempt was made.
_ study the geology in any detail, nor was the intervening g

" the same mass as that of Cottonwood Canyon. The dlorlt

.a little quartz, and their present peculiar mineral composm

-men from the apparently least altered part of one of the d

\Mckel Deposzz‘s in Cottonwood Cam/on . 19

gph minor 1eplacement by calc1te and ser 101te In most of the
g;hg rocks in the small area examined the original minerals have
bt anpletely altered. The only feldspar present is albite,
probably a replacement of the orlgmal feldspars of the dike, and
the rock consists essentlally of dickite, quartz, anatase (octahe-
drite) . dlcxte, and sericite, named in approximate order of their

sbundance. The anatase is sporadic in its distribution. In places
it forms OV er 5 percent of the rock and in small segregations a
wuch larger proportion; elsewhere it may be lacking or present
only in small specks. Where most abundant it forms sharply out- -
Tined lozenge-shaped masses, the largest nearly 2 inches in length,

which suggest that it was formed by the replacement of earlier

sphing, '

- The quartz that is now being mined f01 its gold content forms
'n.r_\ clongate lenticular bodies within and along the margins of
the dikes. Single quartz masses a few feet in width may be
traccable for as much as 100 feet.” There has, however, been .
eumplex later faulting close to the range front and it has not
teen deiermined to what extent discontinuity of the outerops of
the dikes and quartz veins may. be due to later faulting.

" The quartz is milky white and of medium grain, and some cal-
€ite is also present. The only visible metallic minerals are pyrite
and very rare sphalerite. There is also’everywhere more or less
“brown iron oxide, presumably the result of oxidation of pyrite.
_Thé xold is free but so finely divided that it is visible only in the
fRn. Assays of samples taken from the outerops are reported
Ap show a tenor of about an ounce to the ton along ore shoots as =
‘emuch ax 75 feet in length. A'little ore mined by lessees from one
'f-’u the faulted segments close to the range front yielded a return

alittle over $21 a ton Assays show a ratio of gold to silver of’
vibout 10 10 1. '

ore deposition ,may have followed faulting; .if they are g
Tertiary, there may have been renewed movement on an olda
fault; and the mineral-bearing stungers may be associated w' i
the original major fracture. -

There are numerous small pr ospect tunnels in the hills bord :

tunnels follow iron-stained fissures with only here and thefe }
little green stain. It is doubtful, however, whether the area has}

new discoveries. The writer, for example, found an unexplo% 3
small copper-bearing stringer in the altered greenstone near tl§

mine. -Except for the Nickel mine, where the mineral depos' 1

silicified zones in the greenstone, which form the craggy outer :
on the ridges north of Cottonwood Creek, show no nickeli@.
copper stains. : :

CORRAL CANYON
GOLD AND TITANIUM DEPOSITS

Palt of a day was devoted to a visit to prospects close 1 )
front of the range near Corral Canyon, about 5 miles sout

examined. - The writer is indebted to C. S. Ross for. mlneralo

"The country rock of the region is diorite, pr esumably a par 7
o ORIGIN OF THE DEPOSITS

It is thought that the origin of both the nickel and cobalt
“hi‘mlt\- of Cottonwood Canyon and the titanium and gold
:?2*17(»1!\ of Corral Canyon is closely related to the intrusion of
e diorite. The sequence seems to have been as follows:

w Intrusion of the aplite dikes closely followed that of the diorite.
;in their original form the dikes consisted ‘essentially of quartz
azd sodic plagioclase. The sphene present in both the dikes and
-the pare
‘the original magma. Following the consolidation of the dikes .
tame widespread-albitization, resulting in nearly complete altera-
ton. of the feldspals not only in the dikes but in the adjacent

cut by a number of dikes, originally of feldspathic rock,
contains abundant anatase (octahedrite) and are assoc1ated
veins or segregations of gold-bearing quartz.

The white, fine-grained dikes have a general northerly .
and stand out sharply against the surrounding diorite.
probable that here, as in the Cottonwood Canyon area, the
originally conslsted of .an aplitic rock, composed of feldspar ¥

the result of pegmatitic and hydrothermal alteration. A sp

was found to cons15t essentlally of m1c1 ocline and ohgoclase

nt diorite suggests a relatively high content of titanium S
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~ stages of hydrothermal alteration at Corral Canyon were con- :

| . Later, but presumably during the same stage of hydrothe'inal

' ‘, crystals.

" last stage of-the mineralization. at Corral Canyon- 1nvolved

-~ the altered dikes with accompanying continued sericitiz thIi; 1

‘the dikes and adjoining parts of the diorite took place, as inf 3
‘Corral Canyon area, but the introduction of anatase lnt‘

“stone became irregularly silicified as in the craggy outer opsze?
~ the north wall of the canyon.
-but, as far as known at present gold did not accompanyx

quartz in the Cottonwood Canyon area. As in the Corral Can&gg - other hand, parts of the area are not easily accessible and pros- .

parts-of the diorite. Albitization was widespread both-at Cott
wood Canyon and at Corral Canyon but the succeeding miner, §,
changes differed in the two. areas, perhaps owing to dlffelen"ééi
in distance from the source, for at Cottonwood Canyon the dow)
faulted roof of the diorite bathohth is preserved whereas at C‘kﬁ
ral Canyon erosion has reached a ‘deeper le\/el below the origina
cover of the diorite.

Although ser1c1tlzat10n was widespr ead the "principal 1a~ r

fined to the dikes and their immediate vmmlty The first st 1
was the 1ntroduct10n of the titanium-bearing minerals mth

‘accompanying dickite, sericite, and quartz and calcite. The
- titanium crystallized first as sphene, in much larger crystals th; 7]

the original sphene of the diorite and the unaltered aplite dlf

alteration, this sphene was 1eplaced by an aggregate of anatase :.
Possibly the early calcite and quartz, which accompany, :
the anatase, were formed from the breaking down of the sphggﬁ
with release of lime and silica during the transformation. Thej

introduction "of the gold-bearing quartz along the marginsZof g

and calcitization of both the dikes and the dlorlte e
In the Cottonwood" Canyon area the effects of the pres *a
earlier stages of mineralization are less marked. Albitizati

dikes took place on a much smaller scale. .
" There was also an 1nt1oduct10n of mhea in the Cottonwool ¥
Canyon area. ‘Quartz veins cut the diorite in places. The hmb:

stone and probably to some ‘extent the aphte near the Nlc@ 1
mine were partly replaced by fine-grained silica and the gzeelF.

_Quartz veins also cut the dibﬁ%:
ares, sericite and calcite were deposited in the diorite, even VsheI! ;

no alteration effects are apparent in the field. T
The platy hematite in the greenstones was presumably in

p |
the result of alteration of iron- -bearing minerals originally p;%
ent in these basic rocks, but the lar ge amounts present in placd :

where the original rock has been almost completely 1epla X
Jmphes 1ntroduct10n of iron.- :

“ﬁ'lvll
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The final stage of mineralization by the magmatic solutions in
the Cottonwood Canyon area is believed to have been the intro-
duction of sulphides and arsenides of nickel, cobalt, and eopper,

| with subor dinate pyrite and gangue miherals along small fissures
- in the already altered country rock. At the Nickel mine, at least,

this was not a s1mple process, for the sulphide, millerite, appears
to have been first formed, followed by its almost complete =
replacément by the arsenide, niceolite. - The paragenesis of the
even more complex ores of the Lovelock mine is unknown, nor
can any explanation be offered as.to why only nickel minerals .
are found at the Nickel mine, whereas the similar fissures of the .
nearby Lovelock mine contain a greater variety of metals.

It is thought that the relation of the nickel and nickel-cobalt
ores to the diorite roof indicates that the deposition of these ores

- was the'last observable event in an unusual and complex sequence

of end products of the diorite magma, but; as Ransome’ has
pointed out, the possibility of a Tertiary age for these deposits,
though it seems.unlikely, cannot be completely excluded.

It is possible that the silver-lead ores in the northern part of
the district ‘mentioned by Lincoln'® may represent more usual .
types of sulphide mineralization at a greater -distance from the

~margin of the intrusive.

_OUTLOOK FOR FUTURE PRODUCTION

It scems probablé that the titanium content of the aplitic dikes

~aef Corral Canyon is too low to justify any hope of immediate.
- eommercial exploitation.

On the other hand,.the gold-bearing
quartz associated with these dikes gives promise of future pro-
duction, the scale of which will depend on the degree of contmmty
of the valuable portions as deter mined by future development.

The data available concerning the nickel and cobalt deposits -
ef Cotionwood Canyon do not warrant a dogmatic statement
regarding the possibility of future production, but the inference
it that no large output is to-be expected even under conditions - A
much more favorable for operation than the present. On the

pecting: may not have been sufficiently mtensx\e to eliminate the' .
mwbxl t\ of new discoveries.

' "'“”’(1' F. L., Notes ou some mining ' Qistricts in Humbo]dt County,
2 vl Qm\e\ Dull. 414, pp. 58; i1, 1909
tiealy, B ( ., op. C‘Zt D. ‘19,
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*4iley faulted coarse-grained conglomerates of Miocene age overlie an
Jregular surface cut on pre-Tertiary strata. At the Pronto Plata mine
o8 the Squaw Butte area, these conglomerates are intensively silici-
Jef and cemented by opal and chalcedony. Hg mineralization locally is ot
pwent. The altered rocks-are overlain by unaltered lacustrine sedi- '
ary rocks that in turn are intruded and overlain by distinctive
salts and derivative silicic tuffs and lava. These basalts and _rhy-
Altes have yielded K~Ar ages from 12 to 15 m. y.
Quaternary tectonism in southern Grass Valley is concenttated
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ars very similar to that in the Goldbanks Hills-Table Mountain area
However, the early Miocene age of the latter rules out
s possibility that this period of hydrothermal activity represents an
ulyphase of the convective system presently responsible for Leach
it Springs. Rather, the alteration appears to be a shallow manifesta-
o of the hydrothermal systems that produced the many 14-16 m.y.

fous metal deposits in northern Nevada. )
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Abstract

Previous structural interpretations of the Sonoma Range in north-central

~ Nevada have concluded that the Tobin thrust fault—regarded as the equiva-

lent of the Golconda thrust fault—is younger than other thrust faults of post-
Triassic age in the range. However, thrust emplacement of the distinctive
oceanic upper Paleozoic rocks of the Golconda allochthon over a large region
in western and north-central Nevada, and perhaps even beyond, seems to have
taken place prior to deposition of Triassic strata in the region. Hence. the
structural relationships in the Sonoma Range that bear on the age of the
Golconda thrust fault have been questioned.

Restudy of the critical part of the Sonoma Range in the vicinity of Clear
Creek shows that the oldest faults in the area that bound rocks of the Golconda

- allochthon and therefore may represent the Golconda thrust fault are, in fact.

segments of a single fault that has been displaced by several successive slices
of the Clear Creek thrust fault, the north end of which cuts Triassic rocks
exposed in the northwestern Sonoma Range. Furthermore, the geometry of
rocks displaced since Triassic time on the Clear Creek system of thrust faults
suggests that the faults regarded as parts of the Golconda thrust fault in the
Sonoma Range are offset segments of the type Golconda thrust fault as ex-
posed about 15 km to the northeast. Consequently, the Golconda thrust fault
in its type locality, as well as in the Sonoma Range, is evidently older than
faults that cut Triassic rocks, and its age relationships do not conflict with the
generally accepted Late Permian or Early Triassic time of emplacement of the
Golconda allochthon.

Integrated into this structural reinterpretation of the Sonoma Range are
several other conclusions and findings of more than local significance, includ-
ing the following: (1) Prior to emplacement of the Golconda allochthon, lower
Paleozoic rocks in the Sonoma Range area, such as the Harmony and Valmy
Formations and perhaps the Preble Formation, were intricately deformed and
faulted together, presumably during the middle Paleozoic Antler orogeny. (2).
Coarse clastic detritus derived from the Harmony and Valmy Formations
occurs in the Golconda allochthon of the Sonoma Range, which suggests that
it was originally deposited along the North American continental margin. (3)
Radiometric ages of plutonic rocks in the Sonoma Range suggest that post-
Triassic displacement, perhaps as gravity slides, of parts of the Golconda

1
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allochthon on the Clear Creek system of thrust faults took place between about
170 and 100 m.y. ago.

Key words: areal geology, Nevada, structural geology, Paleozoic stratigraphy,
orogeny.

Introduction

The Golconda thrust fault in north-central Nevada is evidently one of the
major thrust faults! in the western cordillera, having juxtaposed strongly
contrasting upper Paleozoic facies over a wide area. Its age, however, has been
a matter of interpretation; on the basis of different lines of evidence, the time
of thrusting has been suggested as late Mesozoic on the one hand and Late
Permian or earliest Triassic on the other—a difference of perhaps 100 m.y.
within the past 200 to 250 m.y. The older of these two possible age assignments
is now generally accepted, as discussed below. This paper documents the
conclusion (Silberling, 1970) that geologic relationships in the Sonoma Range
do not contradict this age assignment, as has been thought to be the case.

DEFINITION OF THE GOLCONDA THRUST FAULT

As originally described by Muller and others (1951, Fig. 1; Ferguson and
others, 1952), the trace of the type Golconda thrust fauit runs through the
Edna Mountain and Battle Mountain ranges, which lie to the east of the
Sonoma Range within the Sonoma Range 1° quadrangle (Fig. 1). In these
ranges the thrust fault has carried rocks grouped together as the “Havallah
sequence” by Silberling and Raoberts (1962) over the partly correlative “*Antler
sequence” of upper Paleozoic rocks or the lower Paleozoic rocks that uncon-
formably underlie the Antler sequence. The Havallah sequence that makes up
the Golconda thrust plate in its type area includes rocks originally assigned to
the Havallah and Pumpernickel Formations, but even in the vicinity of their
type localities, tectonic effects preclude deciphering the actual stratigraphic
section and relationships of these formations. Thus the Havallah sequence is
actually a tectonic complex of distinctive, and presumably genetically related.
rock types rather than a stratigraphic unit. Consequently, now that the age of
thrusting of these rocks is better understood, the term “Golconda allochthon,”
introduced by Speed (1971a) for the upper-plate rocks of the Golconda thrust
fault, is more objective for use where the genetic connotation of this term is
not misleading. :

Despite the lack of a coherent stratigraphy within the Golconda alloch-
thon, it is characterized by a great thickness of marine bedded chert. primarily

IThe term “thrust fault” is used herein in a purely descriptive sense for a fault whose surface
had a low inclination at the time of displacement; no particular mechanism of displacement is
implied.
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Figure 1. Original concept of extent and geologic relationships of-Golconda thrust fault.
Modified copy of original figure from geologic quadrangle maps of the Sonoma Range quadrangle
by Ferguson and others (1951a, 1951b, 1952; Muller and others 1951), as adapted and annotated
by Burke (1973). In genera), both upper-plate and lower-plate Triassic rocks include the Koipa-
to, Star Peak, and Auld Lang Syne Groups; upper-plate Paleozoic rocks belong to the Havallah
sequence; lower-plate Paleozoic rocks comprise all other Paleozoic rocks in the area.
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siliceous clastic sedimentary rocks, and mafic, commonly pillowed volcanic
rocks. Major eastward displacement of these rocks of oceanic character is
indicated by their strong contrast with the much thinner and generally less
deformed succession of detrital clastic material and calcareous shallow-water
deposits of the lower-plate Antler sequence, which includes formations such ..
as the Edna Mountain, Antler Peak, Battle, and Highway. A full description
of the Havallah and Antler sequences at Battle Mountain, where they are
separated by part of the type trace of the Golconda thrust fault, was given by
Roberts (1964). 4

Scattered exposures of both the Golconda allochthon and Antler se-
quence extend well beyond the boundaries of the Sonoma Range quadrangle
to the north, east, and south in north-central Nevada. According to Speed
(1971b), rocks still farther south, in west-central Nevada, also belong to the
Golconda-allochthon, which thus characterizes a generally north-trending belt
having a total length of more than 400 km through north-central and west-
central Nevada. Beyond this region, rocks resembling those of the Golconda

‘allochthon in character and age occur to the south in southeastern California

(Roberts and others, 1958, p. 2849), to the northeast in the northernmost part
of western Elko County, Nevada (Coats, 1969, p. A26-A27). and perhaps even
as far as central ldaho (Roberts and Thomasson, 1964). In northern Nevada
to the west of the belt that includes outcrops of the Golconda allochthon and
Antler sequence, pre-Mesozoic rocks are everywhere obscured beneath
younger strata, except in the northwesternmost corner of the state. where
andesitic volcanic rocks and shallow-water carbonate rocks of Permian age
crop out in several places. To the east of the belt characterized by the Golcon-
da allochthon, rocks of the Havallah sequence are absent. and the Antler
sequence is represented by other Pennsylvanian and Permian shelf deposits
such as those of the Eureka-Carlin sequence of Roberts and others (1958).
Even though the Golconda allochthon can be recognized over a wide area,
away from the type trace of the Golconda thrust, the fault is difficult to identify
with certainty. As is the case with other major thrust faults, such as the Roberts
Mountains thrust fault of middle Paleozoic age in central and northeastern
Nevada, the name of the fault can represent two different concepts. First, the
name is applied to the physical structure that can be mapped in its typc arca
regardless of its interpreted age and tectonic history. Even the type trace of

- the Golconda thrust fault, which jumps from one mountain range to another,

is quite discontinuous and open to interpretation, although its various type
segments are quite reasonably connected. Second, the name can be applicd in
a model sense to the hypothetical structure that originally juxtaposed rocks of
certain contrasting facies or tectonic fabrics. At a distance from the type area,
where rocks assigned to the Golconda allochthon are separated by thrust fau''s
from strata of the Antler sequence, it may be difficult or impossible to demon-
strate that these faults are identical geometrically and in age with the type



6 N. J. SILBERLING

Golconda thrust fault. In the following discussion the Golconda is regarded
as the sole thrust fault along which the distinctive upper Paleozoic rocks of the
Golconda allochthon were first emplaced. Evidence presented below indicates
that the type Golconda thrust fault conforms to this definition.

GENERAL AGE RELATIONSHIPS

Despite the great areal extent of the hypothetical Golconda thrust fault,
documentation for its age has accumulated slowly. In their original description
of the areas containing its type trace and the adjoining parts of the Sonoma
Range 1° quadrangle, Ferguson and others (1951a, 1951b, 1952) and Muller
and others (1951) regarded the Golconda thrust fauit as the probable equiva-
lent of the Tobin thrust fault, varicus segments of which were mapped and
connected to form a sinuous southwesterly continuation of the Golconda fault
(Fig. 1). As the Tobin thrust fault was interpreted to have juxtaposed what
were regarded as two major facies of Triassic rocks in the region, both the
Tobin and Golconda faults were believed to be post-Triassic in age.

Subsequent study of Triassic strata in the region showed that eastward
displacement of the Triassic rocks on the supposed upper plate of a Tobin-
Golconda thrust fault was highly unlikely in view of their geographic and facies
relationships with the correlative strata that would be in the lower plate, and
- yet displacement in this general direction of the Golconda allochthon seems
mandatory. For this reason, Silberling and Roberts (1962, p. 51-53) suggested
that the Golconda thrust fauit.might predate deposition of the Triassic rocks
and thus would not have secondarily influenced their geographic distribution.
In this case, the Golconda plate would have been emplaced after deposition
of the youngest part of the lower-plate Antler'sequence—the Edna Mountain
Formation of middle Permian age—but before deposition on the deformed
upper-plate rocks of the predominantly volcanic and volcaniclastic Koipato
Group, whose age is poorly established but is at least, in part, late Early
Triassic (Silberling, 1973). In support of this interpretation, the Havallah se-
quence displays tight folds and internal thrust faults beneath the angular un-
conformity at the base of the Koipato Group or, where the Koipato is missing,
at the base of the disconformably overlying Triassic rocks of the Star Peak
Group (Nichols, 1972). This deformation, which occurred prior to the depos-
ition of the Koipato Groups, documents the so-called Sonoma orogeny.

More recently, detailed geologic mapping in the southern Tobin Range by

Burke (1970, 1973) has shown conclusively that the Tobin thrust fault, as
originally mapped by Muller and others (1951; Fig. 1), does not exist and that
thrust faulting was not responsible for the rapid lateral changes in the character
of the Triassic section. Connection of the Golconda thrust fault with a post-
Triassic Tobin thrust fault is thus not a feasible way of establishing an older
limit for the time of. thrusting.
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Although they placed no particular interpretational significance on it.
Gilluly and Gates (1965, p. 48-49, Pl. 1) first described direct evidence for the
age of the Golconda thrust fault in the Mount Lewis area of the northern
Shoshone Range, just east of the Sonoma Range quadrangle. Rocks that they
tentatively assigned to the China Mountain Formation (now recognized as
part of the Koipato Group [Nichols, 1971; Burke, 1973] that unconformably
overlies the Havallah sequence farther west) rest here, in some places depos-
itionally, on strata of the Antler sequence and at one place on the Havallah
sequence as well. Upon reexamining these relationships, Nichols (1971) found
that the rocks originally assigned with some question to the China Mountain
Formation can in fact be recognized as the Panther Canyon Formation. an

. areally restricted and lithologically distinctive upper Middle Triassic part of

the Star Peak Group, which in the Sonoma Range quadrangle locally overlies
the Koipato Group disconformably or even rests directly on the Havallah
sequence. As the Panther Canyon Formation in the Shoshone Range is in
depositional contact with the Antler sequence as well, original juxtaposition
of these two upper Paleozoic sequences—presumably by the Golconda thrust
fault—must have taken place prior to deposition of both the Triassic rocks of
the Panther Canyon Formation and those of the Koipato Group. which in
places concordantly underlies the Panther Canyon Formation.

In addition to this evidence for stratigraphic overlap of the Golconda
thrust fauit by Triassic rocks, the pre-Triassic (that is, before Koipato depos-
ition) age of thrusting has also been demonstrated by MacMillan (1971, 1972)
on the basis of both the fold geometry and sedimentologic character of the
pre-Tertiary rocks in the New Pass Range about 30 km south of the Sonoma
Range quadrangle. In the New Pass Range, MacMillan found that folds gener-
ated in rocks of the Golconda allochthon as it overrode the lower-plate Paleo-
zoic rocks of the Golconda thrust fault are not represented in the Triassic
strata that unconformably overlie the allochthon. Also, distinctive coarse clas-
tic material in the Triassic beds that rest on the upper-plate rocks was appar-
ently derived from a-local source in the lower plate, again indicating thrust
emplacement of the allochthon prior to deposition of its sedimentary cover of
Triassic rocks.

Dating of the rocks that would have to bracket the Golconda thrust fault
in age at first cast doubt on the suggested origin of the fault during the Sonoma
orogeny (Silberling and Roberts, 1962, p. 52). This was because the Koipato -
Group, which postdates the orogeny, was supposed to be largely or entirely
Permian in age; thus, there would be insufficient time for thrust faulting to have
occurred after deposition of the Middle Permian Edna Mountain Formation.
the youngest of the Paleozoic rocks cut by the fault. New discoveries of fossils,
however, show that higher parts of the Koipato Group are as young as late .
Early Triassic (Silberling, 1973). As the Koipato might thus be entirely Early -
Triassic, its age does not necessarily conflict with a Late Permian-earliest
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Triassic age for the Golconda thrust fault in the vicinity of the Sonoma Range
quadrangle._| :

In view of the various lines of new evidence outlined above and in consid-
eration of how emplacement of the Golconda allochthon would best fit into
the regional tectonic history, the Late Permian-Early Triassic age of the
Golconda thrust fault seems to be well established (Speed, 1971a; Burchfiel
and Davis, 1972; Silberling, 1973). Relationships in the Sonoma Range, how-
ever, have remained unreconciled with this viewpoint.

The Sonoma Range has a critical bearing on the age of the Golconda
thrust fault because of the intersections between thrust faults that cut Triassic
rocks in the northwestern part of the range and other thrust faults farther south
that may in part represent the Golconda fault. This latter complex of faults
crosses the central part of the range in the vicinity of Clear Creek and separates
the Antler sequence and lower Paleozoic rocks to the north from the Havallah
sequence that forms all of the Paleozoic exposures in the southern part of the
range (Fig. 2). In the original interpretation by Ferguson and others (1951a),
the Havallah sequence was regarded as being bounded by a single thrust fault
that was offset by normal faults. This thrust fault, which was interpreted to
have moved the Havallah sequence over the other pre-Tertiary rocks of the
- Sonoma Range, was designated as part of the Tobin thrust fault. It was inter-
preted as truncating another thrust fault, the Clear Creek fault, whose trace
was mapped northward to the Sonoma Canyon area, where Triassic rocks were
regarded as belonging to the lower plate of the Clear Creek thrust fault. As this
fauit would thus be post-Triassic in age, the structurally higher Tobin thrust
fault would also be post-Triassic, and probably also would be the Golconda
fauit because of its supposed connection with the Tobin thrust fault.

The thrust fault carrying the Havallah sequence in the Sonoma Range, as
mapped by Ferguson and others (1951a), was regarded as part of the Golconda
fault by Silberlihg and Roberts (1962). In order to make a pre-Triassic age of
the Golconda possible, we offered a reinterpretation of the original mapping,
whereby the segments of the Clear Creek thrust fault to the north and south
of the window of Triassic rocks in Sonoma Canyon were regarded as older than
and cut by the thrust faults that bound the window (Silberling and Roberts,
1962, p. 47-49, Fig. 6). 1t was then suggested that these segments of the Clear
Creek fault might be an effect of the Paleozoic Antler orogeny analagous to
the pre-Pennsylvanian Dewitt thrust fault at Battle Mountain. If this were true,
the Golconda fault could be as old as Late Permian, because the part of the
Clear Creek fault truncated by it would be of stili older age.

Subsequently, Gilluly (1967) remapped the geology of the Winnemucca
15" quadrangle, which includes the northern part of the Sonoma Range, and
he concluded that the history of thrust faulting in the area was more like that
originally pictured by Ferguson and others (1951a). All of the thrust faults in
the northern Sonoma Range were regarded by Gilluly as post-Triassic in age
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and as having a generally uniform westward or southwestward sense of tecton-
ic overriding. His mapping did not extend far enough south to include most
of the complex of faults that bounds the Havallah sequence, and rocks of the
Golconda allochthon were not recognized within the area mapped by him.
Gilluly (1967, p. 4) did note, however, that the Tobin thrust fault in the
Sonoma Range must be of post-Triassic age because, as mapped by Ferguson |
and others (1951a), it would override the post-Triassic thrust faults a short
distance to the south of the area where they were mapped by him. Thus, for
interpretating the age of the Golconda (or Tobin) thrust fault he reemphasized
the importance of understanding the relationships between the faults in the
Sonoma Range that bound the Havallah sequence and those farther north that
are, in part, definitely of post-Triassic age.
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Geology of the Clear Creek Area

To understand the age relationships of the thrust faults that involve the
Havallah sequence in the Sonoma Range, Gilluly’s (1967) recent mapping of
the Winnemucca 15' quadrangle was extended southward in the vicinity of
Clear Creek on the west side of the range. During parts of the summers of 1968
and 1969, this area, in the northern part of the Leach Hot Springs and south-
ernmost Winnemucca quadrangles, was mapped in detail on 1:20,000 air
photographs; other parts of the Sonoma Range were studied less methodically.
The result of this mapping is shown in Figure 3, and it is integrated into the
map of the northern Sonoma Range (Fig.2), the northern part of which is
generalized and slightly modified from Gilluly (1967).

ROCK UNITS MAPPED

The rock units in the Clear Creek area are largely the same as those
recognized previously by Ferguson and others (1951a) and Gilluly (1967), and
for the most part they have already been adequately described as exposed in
the Sonoma Range or in ranges to the east and north. Although little evidence
was found for the relative ages of the various pre-Tertiary stratified rocks in
the Clear Creek area, these are discussed below approximately in the order of
their age as determined elsewhere. With the possible exception of the Antler
Peak Limestone that may rest depositionally on the Harmony Formation.
none of the named formational units are in stratigraphic relationship to onc
another. Instead, they are bounded by- faults everywhere in the Clear Creek
area, and some of them have probably been transported into the area for long
distances by thrust faulting.

Fault-bounded strata believed to be part of the Preble Formation are, if
correctly assigned, the oldest rocks in the area. Fossils have not been found
in the Preble Formation in the Sonoma Range; however. in the Osgood Moun-
tains, 50 to 65 km farther northeast, the Preble Formation has yielded trilo-
bites and other fossils ranging from early Middle to early Late Cambrian in
age (Hotz and Willden, 1964, p. 12-13). In the Clear Creek area the rocks
assigned to the Preble Formation form a distinctive unit that crops out in the
same structural setting in several different places. The predominant rock type
is intricately contorted olive-gray phyllite or laminated argillite thinly in-
terbedded with medium- to light-gray, discontinuous limestone layers that arc

11
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commonly less than 1 cm thick. Massive, thick beds of dark chert, limestone,
or limestone sedimentary breccia crop out sporadically and are the only other
rock types represented. Essentially identical strata of the Preble Formation
occur on the east flank of the Sonoma Range in the easternmost part of the
Adelaide mining district, where they seem to represent the upper part of the
formation.

The Harmony Formation, along with the Valmy Formation, makes up
most of the Paleozoic exposures in the Sonoma Range north of Clear Creek.
Strata having the distinctive lithologic character of the Harmony Formation
crop out widely in several nearby ranges and are dated as Late Cambrian in
the Osgood Mountains (Hotz and Willden, 1964, p. 18-19).

In the Clear Creek area, most of the Harmony Formation is lithologically-

uniform and consists of structurally incoherent and broken but evenly bedded
feldspathic and micaceous sandstone that on fresh and weathered surfaces is
principally yellowish brown and olive gray. The sandstone beds vary in thick-
ness proportionally to their grain size and range from beds a few centimetres
thick of very fine or fine grained, conspicuously micaceous sandstone to beds
that are a metre or more in thickness, contain quartz grains as much as a
centimetre in diameter, and are commonly graded. Dark slate or highly
sheared argillite separates the sandstone beds but is subordinate in thickness.
The color of the sandstone, conspicuous detrital mica flakes, and gritty beds
containing tightly packed, large white quartz grains distinguish the Harmony
Formation even in small exposures. As viewed in thin section, Harmony
sandstone from the Clear Creek area is essentially like specimens illustrated
by Hotz and Willden (1964, p. 16), presumably from the Osgood Mountains,
and by Roberts (1964, p. A24) from Battle Mountain. The Harmony Forma-
tion originally had regular bedding, which, along with other features such as
graded bedding, suggests turbidity-current deposition. In the Clear Creek area,
however, the Harmony is commonly so highly deformed that even clean
exposures may locally appear unbedded. Segments of thick sandstone beds,

blocks of strata, and pieces of folds have been rotated and mixed in complex

orientations within a sheared, fine-grained matrix. Despite this pervasive
megascopic deformation, the coarse-grained beds are not internally sheared or
foliated, although the sericitic matrix of the coarser sandstone has been highly
compacted between sand grains. ,

East of the forks of Clear Creek Canyon, about 5 km above the canyon
mouth, the Harmony Formation is unusual in containing conspicuous units of
limestone as thick as a few tens of metres. Some of the limestone is silty, and
it commonly has a platy parting or shows small-scale cross-bedding, but much
of it is massive, thin- to thick-bedded, and uniformly gray. Superficially, some
of it thus resembles the conspicuous massive gray limestone of the Antler Peak
Formation, which is locally in fault contact with limestone of the Harmony.

This coincidence, in which the only significantly calcareous part of the

.
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Harmony Formation in the area is juxtaposed with the only exposures of
Antler Peak Limestone in the Sonoma Range, may explain why Ferguson and
others (1951a) assigned a large area in the Clear Creek drainage to the Edna
Mountain Formation, the part of the Antler sequence that would ordinarily
rest on the Antler Peak Formation and be associated areally with it. Gilluly
(1967, p. 2) was correct, however, in regarding most of the rocks so assigned
as belonging to the Harmony Formation. Only a small outcrop area beyond
the southern limit of Gilluly’s map is considered here (Figs. 2 and 3) as possibly
representing the Edna Mountain Formation. Besides being interbedded with
micaceous sandstone characteristic of the Harmony Formation, as pointed out
by Gilluly, limestone of the Harmony differs petrographically from that of the
Antler Peak Formation in that allochems in the original lime packstone or
wackestone of the Harmony are completely unrecognizable owing to recrys-
tallization. However, all samples of Antler Peak limestone—even from small,
highly sheared fault slivers—contain abundant recognizable skeletal grains
+ derived from crinoids, bryozoans, foraminifers, corals, and other organisms.
Following Gilluly (1967), the rocks originally named the Sonoma Range
Formation by Ferguson and others (1951a) are assigned to the Valmy Forma-

. tion, which elsewhere in north-central Nevada ranges in age through most of

i the Ordovician Period. In the Sonoma Range the Valmy Formation is repre-
| sented mainly by black, evenly bedded chert, gray or black argillite. dark
I orthoquartzite. and altered mafic volcanic rock that in most places is highly
- weathered and nonresistent, but in exceptional exposures shows pillow struc-
tures. Although these different rock types may be interbedded in some places.
they commonly occur as tectonically shaped masses that are in mechanical
contact with other parts of the Valmy Formation or other pre-Tertiary rock
units. The highly faulted, internally mixed map pattern within the Valmy
Formation of the Sonoma Range, as depicted by Gilluly (1967) at quadranglc-
map scale, would appear about the same even at much larger scales. Dark.
massive orthoquartzite is distinctive of the Valmy Formation, but in limited
exposures that chert and volcanic rock could easily be confused with the
similar rocks of the Havallah sequence. As a general rule, however. even
though bedding characteristics of the chert belonging to the Valmy Formation
and the Havallah sequence are essentially alike, chert of the Valmy is usually
black. whereas that of the Havallah sequence is mostly light .colored.

The rocks in the Clear Creek area assigned to the Havallah sequence are
generally the same as those characteristic of the Golconda allochthon. For the
most part they were regarded by Ferguson and others (1951a) as belonging to
the Pumpernickel Formation; however, because the definition of this unit and
its distinction from the Havallah Formation is uncertain, the rocks of the
Golconda allochthon in the Clear Creek area are all informally lumped into
the Havallah sequence, which includes both the Pumpernickel and Havallah

Formations of Ferguson and others (1951a).
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In contrast to the pervasive, tectomcally disrupted character of the Valmy
and other lower Paleozoic formations in the area, part of the Havallah se-
quence northwest of Grand Trunk Canyon is fairly coherent stratigraphically
over an area of several square kilometres. Three distinctive units, each at least
a few hundred metres thick. occur in a generally upright stratigraphic succes-
sion and are informally designated here as, in ascending order, the chert,
clastic, and greenstone units. The Golconda thrust fault forms the lower
boundary of the chert unit and cuts across it, so that the chert is locally missing
at the base of the section near the mouth of Clear Creek Canyon In composi-
tion the chert unit is uniformly thin to medium bedded and is commonly light
shades of yellowish brown, but it ranges from white to black. Locally it is
tightly and complexly folded or sheared into boudins.

The overlying clastic unit of the Havallah sequence is more heterogeneous
but consists mostly of black siliceous argillite or olive-gray phyllite interbed-
ded with massive quartzose sandstone that is generally dark gray or black on
fresh exposures, weathering to various shades of brown. Poorly rounded,
“floating™ granules of black chert and quartz are characteristic of the sand-
stonc. which in places grades into grit or fine-grained siliceous conglomerate.
Although composed almost entirely of compositionally mature quartz, chert,
and sericitc-microquartz lithic grains, in thin section the grains are poorly
sorted and rounded. and the sandstone contains appreciable amounts of dark,
recrystallized. quartz-sericite matrix material. Graded bedding within some
medium and thick beds points to turbidity-current deposition. Less well repre-
sented in the clastic unit are greenstone tuff and breccia and sandy, crystalline
gray limestone which, although recrystallized, contains recognizable crinoidal
debris. These rocks appear to have been current-deposited, coarse-grained,

.impure lime grainstone, and they occur abruptly in the section in beds as thick
as scveral metres.

Directly above the clastic unit of the Havallah sequence is the greenstone
unit, which weathers to large blocks and is composed of dense, altered mafic
volcanic rock, much of it massive and free of vesicles or amygdules. Spectacu-
lar pillow-lava structures occur in this unit, especially on the north-facing slope
high on the spur between Clear Creek and Grand Trunk Canyons.

Near the plutonic rocks at the range front south of Clear Creek and within
the mapped area southeast of Grand Trunk Canyon large areas are underlain
by metasomatized contact-metamorphic rock in which the original strati-
graphic characteristics of the Havallah sequence rocks are completely eradi-
cated. Both quartz-sericite and quartz-diopside hornfels, like those described
by Neff (1969) from.near the margins of the Buffalo Mountain pluton about
15 to 25 kilometres east of the Clear Creek area, crop out as massive, white
to light-gray aphanitic rock that usually preserves no trace of primary bedding
or textural features. Although largely unrecognizable as to original kind, all of
these metasomatized rocks are probably part of the Golconda allochthon,
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which is widely exposed to the exclusion of any other Paleozoic rocks in the
southern part of the Sonoma Range and southward throughout the Tobin
Range.

A minor but highly significant part of the Havallah sequence is as much
as a few tens of metres of conglomerate and sedimentary breccia that occur
at the base of the clastic unit on the south side of Clear Creek about 1.5 km
from its mouth. The conglomerate and breccia thin rapidly along strike in
either direction and are seen at the same stratigraphic level within the Havallah
sequence at only one other place, which is in a structurally higher thrust slice
about 0.8 km northeast of the mouth of Clear Creek Canyon. Among the
poorly sorted but rounded pebbles, cobbles, and boulders of the conglomerate
are abundant, easily recognizable pieces of micaceous sandstone from the
Harmony Formation and black orthoquartzite from the Valmy Formalio.n.
along with other less distinctive clasts of black chert and light-colored quartzit-
ic rocks. Poor exposures partly obscure the relationships of the conglomerate
lens to the adjacent rocks, but large blocks of bedded chert as wide as 6 m
appear to be mixed in the conglomerate. Emplacement of the conglomerate.
perhaps as a submarine slide onto the upper surface of the chert unit. apparent-
ly contorted the bedding of the underlying chert. The depositional character-
istics of these rocks of the Golconda allochthon and the occurrence in them
of coarse clastic debris from the Harmony and Valmy Formations have consid-
crable paleotectonic importance. They demonstrate that these lower Paleozojc
rocks were exposed and being eroded—presumably-at the continental margin
—during the time of deposition of the Havallah sequence. and they give
support to the interpretation that at least some of the Golconda allochthon was
deposited on the late Paleozoic continental rise or slope (Silberling. 1973).

The conglomerate and breccia that occur as a depositional lens in the
Havallah sequence are also significant in suggesting an explanation for threc
small, isolated. fault-bounded exposures of conglomeratic rocks whose distri-
bution is apparently related to the “Preble-Harmony™ fault. The largest and
easternmost one of these exposures, all of which occur high on the southeast
wall of Clear Creek Canyon 3 to 5 km from its mouth, is interpreted as a sliver
along the Preble-Harmony fault (fault 2 in Figs. 2 and 3). where its trace
undergoes an abrupt bend and truncates the generally parallel Golconda thrust
fault (fault 1 in Figs. 2, 3). This sliver (A in Fig. 3) consists of dark argillite
and lithic sandstone that grades across strike into poorly sorted conglomerate
and coarse sedimentary breccia containing blocks as large as a few mectres.
Much of this coarse clastic debris is micaceous sandstone derived from the
Harmony Formation and black orthoquartzite and chert from the Valmy For-
mation. The rocks of this exposure thus closely resemble the conglomeratic
lens near the base of the clastic unit of the Havallah sequence just described.
However, they are peculiar in having yielded a few rounded cobbles and
boulders of sandy, crinoidal. and bryozoan limestone like that of the Antler
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Park Limestone, as well as one boulder from which C. H. Stevens (1968
written commun.) recognized the brochiopods Neospirifer and Linoproductus
of probable Middle Permian age. Coarse clastic debris from rocks this young
would indeed be surprising in the Golconda allochthon, and inclusion of these
rocks in the Havallah sequence is best treated as provisional.

Like the conglomeratic part of this exposure, the other two outcrops of
enigmatic conglomeratic rocks that are questionably affiliated with the clastic
unit of the Havallah sequence are composed entirely of poorly sorted, crudely
stratified, unfolded and unsheared. cobble and boulder conglomerate in which
fragments derived from the Harmony and Valmy Formations predominate.

Onc of these conglomerate bodies (B in Fig. 3) apparently rests on a shallowly -

dipping fault surface that separates it from the underlying Preble Formation,
and the other (C) is a small sliver along the Preble-Harmony fault. Other
slivers along this fault are of Antler Peak Limestone. Provisional assignment
of thesc isolated exposures of fault-bounded conglomeratic rocks to the Haval-
lah sequence dictates a complex history for the Preble-Harmony fault, as
follows. After deposition of the Antler sequence and subsequent emplacement
of the Golconda allochthon, the lower Paleozoic rocks of the Harmony and
Valmy Formations on the northwest side of this fault would have first been
uplifted against the upper Paleozoic rocks of the Antler and Havallah se-
quences that overlay the Preble Formation on the southeast side of the fault.
They were then dropped down, dragging with them the slivers of these con-
trasting upper Paleozoic rocks-that now occur along the Preble-Harmony fauit
zonc. Although this explanation fits all of the observations, the geologic com-
plexity of this part of the area may defy proof. A variety of other interpreta-
tions arc possible if other faults are hypothesized to pass through the
homogencous rocks of the Harmony and Preble Formations, but such hypo-
thetical alternative ‘cxplanations would not necessarily alter the age relanon-
ships of the Golconda thrust fault as interpreted herein.

In contrast to rocks of the Golconda aliochthon are those of the Antler
sequence, which in nearby mountain ranges consist of upper Paleozoic marine
shelf deposits that overlap structures formed during the Antler orogeny and
that are in turn overridden by the Golconda allochthon. In the Clear Creek
arca they are represented by the Antler Peak Limestone and a small exposure
questionably assigned to the Edna Mountain Formation. None of the small,
isolated exposures of the Antler Peak Limestone in and around the main
southeast fork of Clear Creek contain more than a hundred metres of section,
and each of these partial sections stratigraphically or tectonically overlies
rocks of the Harmony Formation. Each of these exposures may repeat the
basal part of the Antler Peak Limestone resting unconformably on the Harmo-
ny Formation, because bedding in the Antler Peak parallels the lower contacts
of the formation. However, faulting along these contacts cannot be precluded.
The lithologic similarity of the brown calcareous sandstone and the sandy,
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crinoidal, gray limestone containing fossil fragments to the basal part of the
Antler Peak Limestone near Golconda Pass at Edna Mountain was demon-
strated to me by R. J. Roberts. He also convinced me that sandstone beds
similar to the Harmony Formation and apparently in sequence with some of
the Antler Peak calcareous rocks at Clear Creek are in fact thrust slices of the:
Harmony Formation rather than being interbedded with upper Paleozoic lime=
stone and part of the Antler sequence. Fusulinids from the Antler Peak Lime-
stone at Clear Creek were identified as Triticites cf. T. beedei and T. cf. T.
milleri of Virgilian (Late Pennsylvanian) age by C. H. Stevens (1968 written
commun.); these fusulinids agree in age with those from the lower part of the
formation elsewhere. .

In the southeast fork of Clear Creek, a small outcrop area of brown
fine-grained calcareous sandstone is provisionally assigned to the Edna Moun-
tain Formation primarily to draw attention to this possibility. However, these
rocks could be another unusual phase of the limestone-bearing part of the
Harmony Formation, with which they are in contact.

No obvious relationships exists between any of the upper Paieozoic rocks
in the Clear Creek area and the Tallman Fanglomerate, which occurs only
about 19 km farther north near the mouth of Thomas Canyon (Fig. 2). where
it underlies volcanic rocks of the Koipato Group. The Tallman is a thick.
monotonous, nearly unbedded sedimentary breccia of mostly angular, some-
what calcareous sandstone that weathers to yellowish brown and is mixed with
subordinate chert cobbles and pebbies. It could have been derived from erosion
of the Havallah sequence and is perhaps best regarded as an unusual local
phase of the Koipato Group.

Although distinctive Triassic rocks belonging to the Koipato, Star Peak.
and Auld Lang Syne Groups are represented in the northwestern part of the
Sonoma Range, none of these is represented in the Clear Creek area. There-
fore, they cannot be directly related structurally to the Havallah sequence
rocks of the Golconda allochthon. :

STRUCTURAL RELATIONSHIPS

For clarifying the relative age of the Golconda thrust fault in the Sonoma
Range, the critical structural relationships are those between the thrust faults
that involve Triassic rocks in the northwestern part of the range and those
farther south that bound the Havallah sequence. The tectonic conclusions by
Gilluly (1967) regarding the northern part of the Sonoma Range are generally
accepted here, particularly his recognition of a series of major, superimposed.
post-Triassic thrust faults on which displacement was generally toward the
west,

The structurally highest and youngest of these post-Triassic thrust faults
is the Clear Creek fault. Beneath it, in the northwestern part of the range. arc
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the Tallman thrust fault of post-Triassic age and the Sonoma thrust fault.
which is regarded as post-Triassic by Gilluly. The “Forks thrust”™ of Gilluly
(1967, p. 3. Fig. 2), however, as shown in his cross sections but not as described
in his text, seems to be an' unnecessary complication. Interpretation of Meso-
zoic thrust faulting in the area is simplified if the Clear Creek fault is regarded
as carrying previously deformed lower Paleozoic rocks, which were already
tectonically mixed by an older thrust fault that brought the Harmony over the
Valmy Formation. presumably during Antler orogenesis. This postulated older
structure is perhaps homologous to the Dewitt thrust fault at Battle Mountain
(Roberts. 1964). and it must exist farther south in the Clear Creek area of the
Sonoma Range, where the complicated map relationships between the Harmo-
ny and Valmy Formations are inexplicable by post-Triassic faulting alone.

The efaborate thrust-segment nomenclature of Silberling and Roberts
(1962) is abandoned here, as it was by Gilluly (1967). The Clear Creek thrust
fault (fault 5 in Fig. 2) is recognized as having a more or less continuous trace,
cxtending northward from near the mouth of Sonoma Canyon along the east
side of the Triassic rocks at the range front and then swinging into the range.
[t then turns southward along the west and south sides of the Triassic strata
that make up the “Sonoma window™ in the upper part of Sonoma Canyon and
from there continues on southward toward Clear Creek. South of the Sonoma
window the Clear Creek fault dips west and at the surface carries the Harmony
Formation over the Valmy Formation.

The major result of the present study is the characterization of the south-
ern extremities of the Clear Creck thrust fault. On the maps by Ferguson and
others (1951a) and Gilluly (1967). the trace of the Clear Creek fault is shown
swinging sharply castward as it approaches Clear Creek from the north, and
all of tiie Harmony Formation exposed in the Clear Creek area is included in
the upper plate of the thrust fault.- My interpretation differs in that south of
the Sonoma window, the south-trending trace of the Clear Creek thrust fault
is considered to continue in a southerly direction, cutting through the Harmo-
ny Formation, crossing Clear Creek Canyon about 2.5 km upstream from its
mouth, and cventually becoming unrecognizable in the metasomatized rocks
southeast of Grand Trunk Canyon. Where it cuts across the Harmony Forma-
tion. The fault trace (5¢ in Figs. 2.and 3) is well marked by a continuous zone
of deformation and alteration, and a sliver of the lithologically distinctive
Preble Formation occurs in one place along it. This trace of the Clear Creek
thrust fault, which is the continuation of the fault regarded by all previous
workers as the Clear Creek fault farther north, displaces the stratigraphic units
recognized within the Havallah sequence, the fault interpreted here as the
Golconda thrust fault, the belt of Preble Formation, and the fault separating
the Preble from the Harmony Formation—the Preble-Harmony fault (fault 2).
Geometrically. this branch of the Clear Creek thrust fault could be a range-
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front normal fault except that locally its dip is as low as 30° and it has a
considerable apparent component of right-lateral slip. 1t is one of scveral
imbricate thrust faults in the Clear Creek area on which the same assemblage
of rock units and older structures were transported in a gencrally westward
direction. All of these thrust fauits thus seem to represent the same phase of
deformation and are considered branches or strands of the Cicar Creek thrust
fault. -

To the west of strand Sc. near the range front north of the mouth of Clear
Creck Canyon, two structurally higher strands of the Clear Creck thrust fauli
(faults 5d and Se) are required to explain the repetition two more times of the
Havallah sequence, Golconda thrust fault, Preble Formation. and Preble-Har-
mony fault. .

Branching to the east of strand S¢ of the Clear Creek thrust fault. the
structurally lower strand 5b follows a generally southeastward course across
Clear Creck Canyon to the crest of the range (Fig. 2). Here. beyond the ares
included in Figure 2. its trace is offset by Cenozoic normal faults and i«
concealed beneath Cenozoic volcanic rocks and alluvial gravel. On the easi
side of the Sonoma Range, however, it may correspond to a fault, mapped in
reconnaissance by Ferguson and others (1951a), that separates the Valmy
Formation on the north from the Havallah sequence to the south. The east cnd
of this possible extension of fault 5b is truncated near Gregg Canyon. about
3 km cast of Figure 2, by plutonic rocks having a K-Ar age of 104 + 2 m.y.
(Silberman and McKee, 1971). In the Clear Creek area. the northern part of
the plate above fault Sb consists of the Harmony Formation, which is overlain
by patches of the Antier Peak Limestone and is believed to be structurally
underlain by the Valmy Formation (see cross section C-C'. Fig. 2). Farther
southeast, the upper plate of fault 5b includes the Preble-Harmony fault zone
and slivers ol upper Paleozoic rocks along it, the Preble Formation, a segment
of the Golconda thrust fault, and rocks of the Golconda allochthon. Fault Sb
thus cuts across a varicty of older structures, including the Golconda thrust
fault, as interpreted herein. At its northwestern end, fault Sb appeurs to be the
same as part of the Clear Creek thrust fault mapped in reconnaissance by
Ferguson and others (1951a), but to the southeast it corresponds to part of
what they incorrectly regarded as the Tobin (Golconda) thrust.

A structurally still lower fault (5a2) is also regarded as part of the Clear
Creck scries of imbricate thrust faults, but it could be an older and genetically -
unrelated structure. In any event, its trace is truncated at its northwest end by
strand 5c and at its south end by strand 5b of the Clear Creek thrust fault.
Because fault 5a is the same as the southeastern part of what was mapped by
Giltuly as the “Clear Creck thrust,” the fact that it is clearly truncated at its
south end by a structurally higher strand (fault 5b) of the post-Triassic Clear
Creck thrust rather than by the Tobin (Golconda) thrust. as originally inter-
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preted by Ferguson-and others (1951a), effectively removes the condition that
led Gilluly (1967, p. 4) to conclude that the Tobin (Golconda) thrust “must
be of post-Triassic age.”

The Clear Creek thrust fault is definitely of post-Triassic age because of
its cross-cutting relationship with Triassic rocks in the northwestern part of the
Sonoma Range. A still younger maximum age for the thrust faults of the Clear
Creek system might be established by relating them to the granitic rocks that
crop out in the vicinity of Grand Trunk Canyon and for which discordant K-Ar
ages of 155 + 3 m.y. (biotite) and 168 + 3 m.y. (hornblende) have been
obtained by M. L. Silberman (1972 personal commun.) for one sample.? The
aurcole of metasomatism apparently related to this dated pluton is offset by
strand 5c of the Clear Creek thrust fault. If this displacement relates to that
of the system of Mesozoic thrust faults rather than to subsequent normal
faulting, it suggests a maximum age of Middle Jurassic for the time of
thrusting, accepting 170 m.y. as the approx1mate age of the Lower Jurassic—
Middle Jurassic boundary.

In the Clear Creek area the Preble-Harmony fault (fault 2) and the Gol-
conda thrust fault (fault 1) are displaced by all of the higher branches of the
Clear Creek thrust fault system (Fig. 3). Moreover, just south of the mouth of
Clear Creek Canyon they are truncated by a quartz monzonite intrusive rock
that is lithologically the same as that at Grand Trunk Canyon, which has been
dated as Early or Middle Jurassic. Consequently, these more or less parallel
structures are no younger than Middle Jurassic, but there is no definite evi-
dence in the Clear Creck area for an age before .or after deposition of the

Triassic rocks in the region. Of the two faults, the Preble:Harmony fault is

younger, because in places it cuts across the Golconda thrust fault, and fault
slivers probably derived from the upper plate of the Golconda fault occur along
1t.

Older faults (shown in the figures but not designated by number) include
thrust faults that are folded and even overturned. These thrust faults, separat-
ing the Harmony and Valmy Formations, are especially conspicuous near the
range front a few kilometres north of Clear Creek, where they have been
regarded previously as parts of the Clear Creek thrust fault (Ferguson and
others, 1951a; Silberling and Roberts, 1962; Gilluly, 1967). As portrayed here
they probably do not express the full amount of structural complexity between
and within these formations; however, these faults can all be interpreted as
folded and faulted parts of a single thrust fault that originally carried the
Harmony over the Valmy Formation. Scattered small windows of rocks of the

2 Sample no. MB43. Location NW'4 SE!Y% 'sec. 31, T. 33 N., R. 39 E. Collector: M. L.
Silberman. Analytic data: biotite, K,0 = 9.08 percent, radiogenic Ar*® = 2.172 % 10-9 moles/g,
radiogenic Ar0/total Ar*® = 94.0 percent; hornblende, K,0 = 0.701 percent, radiogenic Ar40
= 1.821 X 10~!% moles/g, radiogenic Ar*®/total Ar*0 = 86.7 percent. Constants: Ag = 0.585
X 10710 yr=1 Xpg = 4.72 x 10-10 yr—! K4/total K. = .1.22 X 10~% g/g.
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Valmy Formation appearing through the Harmony Formation indicate the
presence of the Valmy structurally beneath the Harmony throughout the Clear
Creek area.

Detailed analysis of tectonic fabrics in the rocks of the Clear Creek area
is beyond the scope of this study. Nevertheless, folding in the Havallah se-
quence as well as in the Preble Formation (over which the Havallah sequence
was carried by the Golconda fault) has a notably uniform pattern. On a stereo-
graphic plot, poles to bedding in these units describe a well-formed girdle
whose axis of rotation corresponds to the approximately horizontal minor fold
axes that trend about N. 20° E. Data on axial surfaces are few but suggest a
shallow west-northwest dip. This fabric is far simpler than that which could
be derived from any large part of the Harmony and Valmy Formations. and
it apparently has not been disrupted by the folds in the northwest part of the
range that characterize the Triassic rocks that are folded about axes plunging
gently south-southeast. The fold geometry apparently associated with em-
placement of the Golconda thrust fault in the Clear Creek area is identical to
that described by MacMillan (1972) for the New Pass Range about 110 km
to the south. However, in the New Pass Range an earlier, before-emplacement
phase of folding is also recognized by MacMillan in the rocks of the Golconda
allochthon.
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Conclusions and Interpretations
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The fault regarded as the Golconda thrust fault in the Sonoma Range has
carried rocks of the Havallah sequence over the Preble Formation, much as
the Golconda fault has done along part of its type trace 10 km or so farther
cast at Edna Mountain. In the Sonoma Range, however, the Golconda thrust
fauit is disrupted by the Clear Creek system of younger imbricate thrust faults
of post-Triassic Mesozoic age. The Golconda thrust fault is therefore older
than the Clear Creek thrust faults, and it is also older than intrusive rocks of
‘Early or Middle Jurassic age; nothing prevents it from being still older within

the early Mesozoic or latest Paleozoic. An age for the Golconda thrust fault

of latest Permian or Early Triassic—the age currently favored throughout its
regional extent—is thus acceptable, although it cannot be proven by geologic
felationships in the Sonoma Range.

This conclusion regardmg the age of the Golconda thrust fault holds true
cven if the fault (5c in Figs. 2, 3) that most obviously cuts across the thrust
fault in the Clear Creek area is interpreted as a Cenozoic normal fault rather
than a Mesozoic thrust fault, because this fault is the direct continuation of part
of what is regarded as the Clear Creek thrust fault farther north. The part of
the Clear Creek thrust fault that cuts Triassic rocks of the Sonoma Canyon
window would thus either be this same normatl fault or else be cut off by it.
Thus, if fault 5c is a relatively young normal fault, the post-Triassic thrust
faults in the northern part of the Sonoma Range could not be directly related
to the Golconda thrust fault, and an older age for the Golconda thrust fault
is again permissible.

Accepting this conclusion, the major pre-Tertiary tectonic events in the
Clear Creek area can be interpreted as follows, from oldest to youngest:

1. During the Late Mississippian to Early Devonian Antler orogeny. the
lower Paleozoic Valmy and Harmony Formations were thrust together so that
in their present position the Harmony is generally above the Valmy.3

2. During the latest Permian or Early Triassic Sonoma orogeny. the

3Early Paleozoic tectonism resulting from strong compressional forces prior to the Antler
orogeny has recently been hypothesized by Erickson and Marsh (1974) on the basis of studies
at Edna Mountain. Some of the pre-Sonoma orogenic structures of the lower Paleozoic rocks in
the Sonoma Range could be related to such tectonism, but the thrust emplacement prior to the
Sonoma orogeny of the Harmony Formation over the Valmy in the Sonoma Range, as well as at
Battle Mountain, might be difficult to reconcile with the local sednmentary source ascribed to the
Harmony by Erickson and Marsh.

23
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Golconda allochthon overrode the Preble Formation and upper Paleozoic
strata of the Antler sequence in places where they rested unconformably on
the Preble.

3.- Following Golconda thrust faulting, complicated movement (or
renewed movement) on the Preble-Harmony fault occurred. As a result, fault

slivers of the Antler sequence and rocks possibly belonging to the Golconda

allochthon were emplaced along the Preble-Harmony fault, which in places
cuts the Golconda thrust fault. '

4. In post-Triassic time, earlier structures were all displaced in a general-
ly westward direction on the Clear Creek system of thrust faults.

Interpreting the Clear Creek thrust-fault system in this way, it is signifi-~
cant that the principal formations and structures within its imbricately faulted
upper plate apparently can be related to comparable features 10 to 15 km
northeast of the Clear Creek area that would be in the lower plate of the Clear
Creek system' of thrust faults, as shown diagrammatically in Figure 4. The
Preble Formation of the Clear Creek area, which is fault bounded on its west
or northwest side by the Harmony and Valmy Formations and on the other
side by the Golconda allochthon, may have been displaced on the Clear Creek
. thrust fault system from the belt of the Preble Formation now exposed along
the east flank of the Sonoma Range and the west side of Edna Mountain. This
belt of Preble Formation is also fault bounded on its west and east sides,
respectively, by the Valmy Formation and the Golconda allochthon (Ferguson

EAST FLANK OF SONOMA RANGE
and
SOUTHWESTERN EDNA MOUNTAIN

CLEAR CREEK AREA
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Figure 4. Diagrammatic structure section of pre-Tertiary geologic features in and northeast of
the Clear Creek area, showing matching of segments of the Golconda thrust fault and nearby
faults and formations on the upper and lower plates of the Clear Creek thrust fault. Geologic
relationships on the east flank of the Sonoma Range and southwest side of Edna Mountain are
from Ferguson and others (1951a, 1952). Symbols: Cp, Preble Formation; Ch, Harmony Forma-
tion; Ov, Valmy Formation; Ph, Havallah sequence; PPa, Antler sequence, including here
the Edna Mountain Formation and Antler Peak Limestone. ' -
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and others, 1951a, 1952). This interpretation implies original continuity be-
tween the Preble-Harmony fault of the Clear Creek-area and the Adelaide fault
on the east side of the Sonoma Range, imparting to the latter structure 2
complex pre-Tertiary history. Although Roberts and Hotz (in Roberts and
others, 1958, p. 2851) speculated that the high-angle Adelaide fault might date
back to the Antlér orogeny and be genetically related to, or a proxy for. the
Roberts Mountains thrust fault, Gilluly (1967, p. 2) discounted this and re-
garded it as a “minor structure befonging to the basin-range suite of [Cenozoic]
normal faults.” Granted that some Cenozoic normal-fault displacement along
the Adelaide fault has occurred, Gilluly’s cross sections show displacement on
it of more than 3 km between the Preble Formation on one side and the
Harmony and Valmy Formations on the other. Thus, the Adelaide fault does
seem to be the principal structure separating these rocks of widely different
provenance and kind, and it may well have had a long and compiex history
of activity. '
Correlating the pre-Tertiary geologic features of the Clear Creek arca with
those farther east not only puts the Clear Creek system of thrust faults i
regional context but also identifies the parts of the supposed Golconda thrus
fault in the Clear Creek area with the type Golconda thrust fault on the west
side of Edna Mountain. Just as the Golconda fault in the Sonoma Range i
either older than post-Triassic structures or cannot be related to them, so toc
is the type Golconda thrust fault. Thus, the Golconda, both in the Sonom:
Range and in its type area, could be the sole thrust fault on which the regional
ly extensive Golconda allochthon was emplaced during latest Permian o
Early Triassic time. '
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